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CHAPTER 1

GENERAL

1.0. Purpose and Use of Bulletin

L0, Tsreopvormoxn.  This bulletin has  been
prepavad for nse o the inspection amd fabrication
of both malitary and commercial aiverafi, and
eontains material which is aceeptable to the Uniced
States Air Fovee, Novy Buresn of Aevonantics,
and Civil Aeronaotics Admonistration. It should,
of conrss, be understood that methods and peo-
eedires olher than those outlined herein are also
aegeptable, provided they give equivalent resnlts
o provided they ave properly substantinted and
approved.  The applicability of the inspection
and  fobricotion procedures contained in this
bulletin as conteact or certifieation reguirements
will in each ease be defined by the procuring or
certificating agenoy,

101, Soore. The technical materiab in this

wnd fabricators of wood aireradt,

bulletin, which is based chiefly on vesults of in-
vestigutions conducted during the past 40 years
by the Foest Prodocts Loboratory, 38 limited to
information on wood, modifed wosl, glues, and
processing that is of divect concern to inspectors
Btrength data
and other design eviteria are beyonid the seope of
this bulletin,  For such data the reader is veferved
to “Bulletin ANC-18a, Design of Wood Aiveradt
Struetures”

102, Ackxowiepeaext.  The many staff mem-
bers of the Forest Products Laborptovy poo-
ticipating in the preparation of this bolletin wish
to express their pppreciation to aireraft mann-
facturers and otheve for the valuable assistance
given in conmection with the varieus parts of this
bulletin, the extent of which is too great to malke
practical separate acknewledgmeanis.
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CHAPTER 2
wooD

2.0. Basic Information on Wood as an Alir-
craft Material

200, Gexsenat. Wood  consists mainly  of
el loow fibers Lnill up of inteveotinected cellolose
chaing preanged more or less spirally avound the
fikrs in the divection of their longest dimension.
The walls of the fibers and other cells ave infl-
pratedd with an amorphons moterinl called lignin
which also binds the cells together =o finnly that,
when wood s popored under stress, separnlion
nsnally ecenrs within the fiber walls rather than
in the bond between the fibers. Therefore, for
meelunieal purposss wood may be eonsidered as
being made up of tubes of indefinite length frmly
welded tegether eather fhan separable filers of
varying lengihe, Unlike metals, which have geu-
evally vnifovm strengil i all diveciions aud whese
every enbic inch i3 identical, woomd has wot, Tor
imstanee, the sone steength aevess the groin ae
parallel to the graing that is, its tensile strength
may vary as muech ag 40 1o 1, its crnshing strength
Tio L, and its mednlus of elasticity 160 to 1, Net
ouly do different species of wood differ in their
properties, but trees of the sme species aml even
parts of the spne tree may vary, depending on
the grewtl eonditions prevailing when the wood
wigs formel.

Most substamces expand more o less when
heatad.  In the cnge of wood, the thermal expan-
s1on is 5o small as to e unimpertant in ordinary
USETE,

Any plece ol weod will give off or take on mods-
ture Trom the sneromding atmosplers wntil the
pmonnt of moisture i the wood bolanees with
that of the atmosphere. Wood, like many other
hygroscopic materinla, shrinks as it loses moisture
andl gwells as it absorbs meisture. Wood shrinls
maoet geross the grain in the divection along the
punmal vings (tangentially), about one-half to
two-thivds as much across these vings (radially),

2

and very little, as a rule along the gram | longi-
tudinally}.  Although certain coatings when ap-
Plied to wood will greatly reduce the rate at which
it taloes on or gives off moisture to the o tmosphere,
fhere is we practical conting that will prevent
wond Trom clanging itz meistore content over o
long peviod of time,

It iz not always possible fo propovtion a solid
plunk s0 02 to develop the necessary strength in
every divection and at the same time otilize the
full siremzil of the wood in all divections of the
genin, It s the purpose of plywood, which is
mdle v by gloing severnl plies or sheets of veneer
towrether, to weet this deficiency by so combining
the varions plies (hat the grain of any one ply is
nsually at vight angles to the grain of the adjacent
ply or plies, which results in o rvedistribution of
the material.

The properties of wood ean slse be modified by
visin trentments, and o combination of resin trest-
mnent and cowpression. Promising new materiala
with marleed stability agninst swelling and shrink-
ing are thus made up of venesr impregnated with
resing and pressed into aolid pHeccs,

By laminating and wolding thin layers of wood
or veneer to shape during the gluing operation,
structures of sharp single corvature and complex
double corvature are readily and efliciently pro-
cluced.

201 Heanrwoon axn Savwoon,  In most woods
three regions ave readily discernible in the end
surface of the log: (1) the bavk; (2} a light-
colored lver next to the barl, called e sopwvaood ;
and (3% an wmer hody, vsnally derler than the
snpwidsl, called the heatwood (fig. 2-1). In the
gtrnetural center of the tree trunle there is a small,
saft cove—ihe pith,

I the sapwond many of the cells { parenchyma)
are alive and sereve mainly in the transfer and
storage of food, which aceouuts o part for its
greater suwaceptibility to sttack by certain fungi
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and insects.  Maost of the cells, however, are demdd
pndd serve anly ng chanoels for the movement of
gap wnd to add strengih to the tree trunk, In the
henrtwond all of the cells ave dead and Tonelion
mainly in supplying strength to the tronl,

In ame woods theve 15 little or no differenee i
color between heartwood and sapwond,  Speoce
(exeept Sitha spruee), hamlock, the troe firs, Port
Orford white-cedar, basewood, cottonwoend, nnd
Dol are exmnples of this class, wheveas i1 e,
Diongrlaa-fir, luldevprass, ash, oak, maple, biveh,
swestgimm, and nmerous other species there is o
well-marked controst between sapwond and Leart-
wool,  In Sithe sprnes the sapwood novmally is
white nnd the hearbwood pale veddizh brown,

Althongh the sapowood bs, as o rale, lght in color,
it may be diseolored by 2ap stain, wood-destroying
and other fungl, chemical staing within the wood,
el color 'Il:uc"l;lﬂ'l feoan the back. The color of the
heartwoeod may be of o uniform shade or it oy be
atreaked or variegated, as iz often the cuse in
aweatgum.  The outer part of the heariwond of

old Thuglas-fir trees often 15 yellowish in color
m contrast to the more reddish inner part of the
trunle, Heartwood inleeted with decny may be dis-
cotlored] 1 various ways (seo, 239187,

Light-colored zones, known as internal sapwand,
arve ooeasionally found 1 the heartwond of Doog-
las-fiv, Sitha spruce, western redeedar, wesfern
larch, and other species,

The thiclmess of the sapwood laver varies con-
gilernbly ns between different species.  In black
neli, blacl cherey, northern white-cedar, weefern
redeedar, Donglas-fir, ad sproce 1t is usually less
Lhan 134 inehies and consequently constitutes but
arelatively swall part of the lomber ont foom
these species,  In white ash, biveh, maple, and
hickory, on the other hand, the sapwood iz s
thick that it often comprizes more than hall the
cnt.

Within ench species the sapwoosd is thickest in
the st vigorous trees, especially those grown in
the open, The sapwood decreases o thickness
fram the stump to the top of o tree trunk as a rile,

Figere 2=1, Crasg sechiog of whife vak log, showieg freoge tacfy abeped eacheond ol ecilfar, deife sapioeod, ownel

riviga b Dotk arprcand aad heorefweeod, eud Daek,

SERTA—L]—1



Downloaded from http://www.everyspec.com

bt nevertheless the proportion of sapwoosd to
heartwood generally increases toward the top.

Yenr by year, 0= o tree increases in dinmeter by
the addition of new layers of sapwood tnder the
bark, the zone of henvtwood enlarges ot substan-
tinlly the same rate. The change consists prin-
cipally in the death of the adjacent sapwond and
its transformation into heartwood by the infilira-
tion of eoloving matter and varions other materials
into its cell walls and cell cavities. In woods which
have tyloses {po &) the pores beeome partially or
completely plogeed with these ingrowihs as the
aaprwond turns inte heartwond, or in some species
many years before. The circnmference of the
heartwood often 1= irvegular and does nol meees-
earily follow the annoel rings {fg. 2-11.

Henrtwomd 15 wot fundamentally wenker or
gtronger than sopwood, kot there ave some ehanges
in physical eharneteristics, besides change in color,
which accompany heaviwoo] formation.  After
the timber iz cot, the heartwood usually is more
resistant to the attack of certain insects and to
decay, stain, and mold than the sppwoosd, Tn the
living teee the sapwood is vaually less snbject to
attacl, whereas specific fungi often infect the
leeartwond {1073, Heartwonod 1= less permenble
to liguids, as a vole, which iz an advantage in
many uses but a disadvantage in the injection of
preservatives, Becanse it i3 less permceable, heart-
wood seaaons af o slower rabe than the sapavood.
In resinous species the heaviwoo] nanally contwing
more vesin than the snpewoed,

202 Crrrvnan Svevorone. Wood 15 composed
of cells tightly together for the most part. The
celle vary considernbly in size and shape within
u pece of wood and as between species. The prin-
cipal Tinds of cells and their nsefulness in identi-
fving woml gpecies are diseussed on pages G to §
O aceount of the eellular structure of wood, fts
ma=s 5 distributed over o lnrge cross seetion,
thereby giving it velatively high bending strength
nidl stiffness per wnit of weight, bot relatively
lowe havdness per anit of area,

The specific gravity of all wood substanee is
practieally the same; therefore, the great difler-
ences i specilic gravity and, eonssqoently, in
strength anid hardness of different species of wood
ave due Inrgely Lo dillerences in size of cell envities
and thiclmess of their walls,

205, Axwoan Bigas, In timber grown in tem-
perate climates well-defined eoncentrie layers of
wood can be seen on the eross section,

44

These Tavers correspond closely 1o yenrly in-
crements of growth and for that renson are called
annual rings {fig, 2-1), Many tropical timbers
ghow no well-defined annnal vings, becnus: growth
in them is mere or less continnons thronghout the
Faar.

The annual rings in trees vary in width with the
enviranmental  eonditions  {stand  density, zoil
moisture, ete) wder which the trees grew, Tn
trees that started growth in the open the annoal
vings ave wide ol the center and narvower townrd
the barl, as a rule, but in trees that come up noa
forest the rings are lkely to be novvow ot the
center and wider farther out.  In some logs the
vings average wider at the top and in others at the
butt end.  Tn leaning softwood trees the anmual
rings usnally are wider on the lower side, and in
leaming: hardwood trees on the ypper zide,

S04, SrmEowoeon AXD STMMERWOON,  Spring-
wored 12 the womd formed on the inner side of the
annual ving during the early part of each growing
geason. It 35 nannlly meee porons, softer, wealoer,
and, especially in the conifers, lighter in eolor than
the summerwood, which is Tormed in the outer
part of the anmnal ring during the latter port of
the growing season.  Begments of annmal rings
i a eross section of Doonglas-fir, mognified 20
diameters, are shown in figure 2-36. The dark
layer in the npper part of ench segment iz the
summerwond, nnd the lighter layer in 4he lower
part s the springwoeod,  The twe may be faivly
sharply  differentiated from each other within
ench amiual ring, as in Donglas-fiv and oalk, ov
the trapgition muy be gradoal, as in walnot, In
gome woeods (for example, vellow-poplar, bireh,
maple, bnsgwood, soltonwoosd, and sweetgum) the
Lransition from springwood to summerwood with-
in the annual ving is not elear. The division be-
twean rings 18, however, plain encugh,

The width of the smnmerwood and the percent-
age that it seenpies in the total width of the annoe)
vings varies consideralbly in sone species, ag vollow
pines, Donglas-fiv, oaks, ashes, and hickories, ac-
covding to the vigor of the tres at the time the
rings were formed.

2065 PLar-sawmm Aa¥D QIUARTER-2AWED LUanen.
Woel can be cot in theee distinet planes with
respect to the anmmal liyers of growth: crosswise,
exposing the fransverse or end-grain surface;
Jengthwise along any of the radil of the annual
vings, exposing the radial o se-called gquarter-
swwed, edge-grain, or vertical-gvain surface; and
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Figare 2-F Quartor-seiced (A awd phiii-swined (2 boweds cald from Tom

lengthwise tangent to any of the aomal viogs,
exposing the twogential or so-called plain-sawed
or Mat-grain surface,  Quuter-sawed and plain-
sawed boards are shown in Qeore 22,

Coarter-sawed Tumber shrimks and swells Jess
e width and twists, cups, slivers, snefoce checks,
sl cngphardiens in sepsoning less than plain-sawed
Tumber,  On the ather hand, plain-sawed Tonber
i5 chenper to prodvce and does g, “eollaps=™ so
cagily indeving in species subject to this particy-
Tar delect, such as western vedoedar, vedwood,
sweetoum, and swanp onk: also, any loots that
o preesent ave sl or oval instead of long spile
fenots,

The avmunl rvings often ron disgonally across
the and of a bowvd so that i cannot be said to be
either strictly plain sawed or guarter sawedl,

Squared dimension @toek way show two plain-
sawecl and two gquarter-sawed faces, or all four
of ain inbermedinte form.

DG Guaax awe Texrves, The terms “grain®
ol Slextoee” ave psed eather loosely in connec-
pion with Tnmbers *Clein™ is nsed o veferring
Cerd Bothe monna] cings, a8 coarse, ling, even, edee,
wrd Hab genng (&) o the divection in which the
filiers rom, a= stenight, spival, interlocked, wavy,
sl voely graing and (o) to the relalive i of
the pores wnd the Blhevs ps open grain amnd close
Zrain.

“lexture” 15 often usel synonymously with
grain. Inaddition it s used to express cectain
physical aspects of wond guality, as *hard tex-
ture™ and Yeolt texture,” “tough texture”™ and
“hrittle textore,” bot the world “texture™ adids

3
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nothing specifie te the meaning of such terms wind
may a5 well be cinitted,

ETexture” is sometimes deseribed as “good™ or
pnon™ depending on the appearancs of wood, its
regction under the picle test (lifting o splinter by
rgnns of o pofnted insteument and observing how
it breals), ov splitting off a sliver and breaking
it in the hand, but such tests ave not g0 velinble or
definite as epecific gravity, vings per inch, and
alope of grain Tor designating wood quality.

For the sake of clearness, it s vecommended
that the annual vings be referved to as snch, except
with vespect to the terms “edge grain,” or “ver-
tieal geaing™ and “fat geain,” which ave thoroughly
establishe] and fixed in their meaning, and that
[except os just stated ) the nse of the term ®grain®
be eoufined to the divection of the fibers; for
example, straiaht, spical, wavy, and interlocked
grain.  The rerm *textoee™ should be vsed to ex-
press the velative size of the pores and fibers or
the velative mmonnts of springwoond and sammer-
wond, a5 coarse and fine textore, even and uneven
Texture.

2.1. Identification of Wood

210, Meantvg ar ree Tenss S Hammwoons™ axn
“Sorrwonns”  Those who worle with or handle
wood nsnally identily e different kinds by theie
general appearaneess, In desevibing to others how
to identify wond, however, specific differences
must b ]R:'I:]:Tm'l ont, sime wemeral I RS
cannot be deseribed with sofficient accnracy to
differentinte auy considerable number of woods,
The specifie differences most useful in wond iden-
tifiention are found in the cellular structure, color,
oibor, taste, weight, hardness, and; in some rases,
exudation of resin or oil,

AN woeds can be grouped in twe genere] elnsses
The Ynpedwoods, which come from Urees with broad
leaves, pnd the seftweods, or conifers, which eome
from trees with needlelike or scaleliloe leaves. The
terms Hhoardwonds” and “softwonds™ are not de-
goriplively exaet, since some of the so-called soft-
woeods, s southern yellow pine and Douglas-fir,
are horder than soine of the so-enlled hardwoods,
a5 basswood and cottonwood ; but the terms have
Disean in uze so long that their meaning has become
definitely establiched. The structure of these two
classes of wood s fundamentally diffevent. With-
in each class there are conzidernble variations in

&

5

ghrielure, which aid in forther identification ae to
renern and species,

211, Smocrvee oF  Haspwoops, The  haed-
woexls differ from the softwoods as a elass in the
presence of lager cells, constituting poves, ov
vessels, senttered among the smaller ones, which
ave mostly fbers, Figire 2-3 shows the pores and
other cells in o havdwood eube highly magnified.
The pores serve primarily in conducting sap from
the roors to the leaves, In many hacdwoods the
pores eun be seen distinethy without magnification
as sl heles on smoothly enf eross seetions andl
ag fine grooves on planed longitudinal surfaces.
TIn other hanlwoods the pores are so small that
they canuot be seen witheut magmification,

To some hardwoods the poces formed st e e
ginning of each year's growth arve decidely lnrger
than thoss formed later in the growing season.
Sueh woods arve called ving porous. Oak, ash, and
higkory nre examples {fgs, 20, 2T, Qg -0 2-19,
wiel 2-18%.  TIn other hardwowmls the pores are
e o less uniforn in iee inoeach year's growth.
Such woods ave ealled diffuse povous, Maple,
biveh, amd sweetgim pre examples (fge 2-21,
g oo, aned #-24), A certnin avrangement of
the pares within each annnal ving alao is cliaricler
istic of each species of wood and helps in its
idntifiention.

In certain hardwoods the pores in the heart-
wood and inner sapwood become more or less
plugged up with ingrowths from the neighboving
cells, known a8 tvlosez, which uzually have a
glistening or ividescent appescance (fgs 2-4 and
2 7%, In other woods the pores are partly filled
with darl-eolored mum, while in still others they
pre ampty.  These vavintions in pove conlents are
a fairly melinble aid in wood identification,

The fibers in hardwoods are 9o small thal they
ennnol rendily be distingnished individually with
o hand lens.  Their Tunciion is Lo mive strength
to the woorl, They average abont one twenty-
fifth inch in length, Lot their length has no rela-
tion to thenr strensth, sinee when wood fails in
tension or compression the fbers do not slip by
encl other, 1s n o vrope, but beeals or boelde within
themzelves,  The thicleness of the fiber wolls, how-
ever, greatly alfects their strength.

Seattered among the ores and Gbers of many
wonll species are parenchyima cells, wlich serve to
store oxcess Tood. . When aeevegated mto groups,
they form hight-colored tiszues which may appear
o the cross-section ag o “hala™ around the pores,
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Figure 3-8, Braivieg of o small gibe o R o Ldghly monf e f, froestarss awrfote; T pinal e LETEy T i
tp, damgendiol swifoce) o, anneal rlag ) e, wwoed ray ) tef, wood @hars ¢y voasels, oF pores,

s in the sumnnerveas] of ash; or o2 nonerons fine
tamgentinl lines, ns in oak and hickory; or as
boundaries o the annoel vings, as i yellow
popbar woed apagnelin. Various maedifications of
the types of eclls so Tar deseribed wlao orenr in
wood, but they are of wo value in identification
excepl when o componnil microazeope 15 used,

Tu addition te the vertically arvanged cells de-
seribad, theve are strips of horieontally elongated
eells in wood which extend mulially from the back

inwnrd, and ave known as vays, o wood vays | for-
Their

funciion 18 to condoet sap rodially and to stors

merly called “wmedalluey ravs™) (g, 235,

excesd food,  Tnoosk, the rays ave digtinetly visible
ms beoad lines on the cross-section aml as larze
Hlakes" from o feaction of anineh to several inches
igh on radial surfaces.  Tnoall other nutive eom-
merela] species they ave muel snaller, often not
Being visible on o cross-section withont o bens,

7
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In solt-
vz fhe Brnlls of Uhe wood 15 composed of filirons
cells, tracheids, aveenging about one-Tourth mch
in length, whieh serve the combined purpose of
the pores and wood fibers of haedeomls, They
ave almost unilerm in width tangentially, and nve
aranged in definite padial rows,  Fianre 2-4
shows o deawing of a smaell softwoed cube highly

2,14, The Srevcrves oF Sormwoons,

magnified,  Own opecount of the absciee of poves,
the softwoods are alse ecalled T O TOE wroolsE,
nlthengh
empty spuees o nbsovbing hguids applies to beth
seflwoodls and bavdweods, On oo swoothly cot
cruss-geciion the fibvons cells con be seen with o
hand lens, vesembling in their vegolavity ihe cells
of o hoveyeoml except that in the owter pavt of

“porons” in the sense of containing

fwr vrd

Figywee 2=, Deawing of u swall cade of suffwoed Righir mopeifed: i, bausucese sacfacs; rr, eodiod socfoce; by, Toee
penbinl sierface; oF, ownal rleg; ep gpitiricond ) s, seusioneend @ b, feachedd, or fer s wor, wond, oy fier,
fuatfors word ray confaining boriseniol sesin dicf ; b, korizondal voeii duect.  Phe Iorege bols woer e center of
the trowavevee svrfoce and fhe possege olomg the vight cdge ane vorticel Foain dusts, vrd.
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onch annueal ring they arve flattened vadially amd
thicker walled, prodocing a denser band of snm-
merwopd [(Hge. 2-50, 2-31, 205, 2-50, 2-42, ol
P-4 ).

Roye ave also present in softwoods, Bol they are
always very small and on Ll eress oot ion nee -
wigible without a lens (g, 2-4).

Resin duets e passages extending vertically
Betaween Obrons eells and radially within certain
rays.  They serve for the stovage and condoction
of vesin awd are present normally only tn the pines,
spruces, larches or tamaracks, and Donglas-Rr
(s, 292, 235, 2-36, and 2-97).

In the pines, the vesin ducts ave plainly visilile
with n lens ol ocensionally, on o smoothiy cut
eross-section, barely visible withont a lens. O
lengitndina] surfaecs they are often visible as
characteristic brownish lines. In the sproces,
lnvelwes, and Douglas-fir they are smaller, less
numerons, and, in the eross-section, appear often
in short tangentinl rows as whitish apecks in the
smmerwond. O longitndinal surfaces of sprace
and Donglas-fir, the resin ducts are less distinet
than they ave in the pines, but e n=oally be fopnd
o enreful exomination, especially by tilting the
planed wood bacle and forth in the light. Sinee
the resin duets extend in the same dirvection as the
fibsers=, the direction of the grain ean be determined
Ly them,

Exudations of vesin and piteh pockets are com-
mon in woods containing vesin duets, and aee not
fornd in the cedars, baldevpress, vedwond, Tem-
lock, and true firs, which normally have no vesin
ducts, Chly exwlations have been noted on the
encls of Povt Orford white-cadar stored in o warm
place, The absenee of exudations of vesin, how-
cver, does pol mean the abzence of vesin doets,
Resin will not exnde, as o rube, on enle made alter
the wood i= searened ; but warming pieces of pine,
Dioniglas-fiv, larch, and sproce inan oven or other-
wige will nEnally conse enongh vesin o sxnde from
the ends to forn specks, thersby indicating the
prresenee of resin ducks,  Thas is especially troe of
pine and Donglas-fie, and toa Jess extent, of sproee
and larel,

218, Pavswan Prorenrivs Useron i Tonw T -
CATION.

() Cofor. The color of wood s one of its
mnst eagily observed characteristics, and
in zone enses is sulficient for its identifi-
eation, Frequently, however, the color
iz not sufficieantly distinetive so that it ean

be deseribed accurately,  Fuctherinove,
the colop varies more or Jess Tor each
species and is affected by light, moisture,
decay, and other natural agencies which
discolor the woed, 5o thot iE wost be
supplemente] by other eharacteristices in
identifying wood. A comparison of the
color of o wood to be identified with
ko samples nzually iz of more value
than any other fmpression that can be
conveyed in wiriting,
In considering the eolor of woed, it ghonld
b rerembered that heartwood mind sap-
wonel nanally differ in eolor and chat wood
ehinges in eolnr on long exposgres te 1t
amed air.  Heferenees to the eolor in the
deseriptions and key which fallow are
bazed on Treshly et longitudina) surfaces
of sound  heartwond, unless etherwise
sbated,

(5 Odar and faxte, Bome vrols have o char-
acteristic odor which helps in their iden-
tification after one is Taomiliney with it or
on comparison with known samples. -
Fortunately ador camnot b deseribed with
any degree of pecuracy.  The taste of
of wond often resembles ihe odor, al-
thongl exceplions ocenr. Both ador and
taste are more prowounced in the heari-
woodl thin in the saperoad,

{2} Weight, When wood is dry, its weight
pids  In identification, althourl  some
species ae highly variable in weight,
For instanes, the heavier geades of ma-
hagany may weizh twice as much as the
lighter prades,

Since no definite weight can properly be as-
gigned to each species, deseriptive terms
baged on speeific geavity (weight when
ovensdry and volpme when green) eloss
limnits are used in conneetion with the de-
seviptions of the woods that follow :

Hesdife geRiiry cluga Dieariipiiiee Fesi
Drgloe 020 Extremely light.
From O te 025 Iseesdingly Hght

Foodn 0055 bo Sl Vary light.

Feom 030 o 0BG __________ Light,

Troan 036 to A2 - __ Moderadely Tight,
Fream 042 ta 50 ______________ Moderntely heavy,
o L0 o (G0 Heavy.

From 00 g0 OT2 Wy heavy,
From 072 po 086 . Exeeedingly leavy,
L LR L — Extroamaly hieavy,
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(e} Hapdnesz. The hardness of wood, as de
termined by its resistance to iwdentation
or cutling (especially across the grain} is
nseful in distinguishing species with con-
aiderable differences in hasdnesa, bat this
property is too variable and too diffienlt
to determine with any degree of accuraey
to be nseful in distingnishing species of
nenrly the same average hardness.  The
Tonvidleess of eacly species of wood, like
many other properties, i affected by den-
ity winl moisture content.

214 Proceume 1w Inewriryving Woor, I the
eolor, odor, or general pppearance 1= not suflici-
ently distinet to identify o sumple of wood, the
more detailed strnetore must be taken into con-
gideration, The structure and other physieal prop-
erties of the varions species that the inspector is
Likely to mest are deseribed o the following pages,
and o ey has been prepared that will and in their
identification. The illustrations of the woods are
photographs of thin eross sections magnified 20
dimmeters. Thay will prove helpful in studying
the stracture of each species or groap of =pecies,

The characteristic structure 13 nanally seen to
Best advantage on o smoothly and freshly ent end
aurface neross vings of avernge widih. The area
examine] need not be lovge, but it iz advisable to
make obzervations at sveral places. Note first if
poves are present. 1 pores cannot be seen with
the unaided eye, uze o hand lens. A lens mag-
nifying from & to 15 dinmeters e prefecable for
thiz work, The lens should be held close to the
eye and then the object bronght within foens, care
befnge talen not to shut out the Tight ten much, TF
poves are present, note whether the wood is ring
povous or diffuse poveus, ete., as outlined in the
key, prges 40 to 4. Tf poves ave not present, try
to clnssify the wood secording to the subdivisions
unider the softwoods,

It 35 nol expected that the key can be used soe-
cessfully without somne practice.  The inspector
should provide himself with known samples and
gtudy the illustrations of eress-gections in the
mmnnal 80 as to become familiny with the terms
used. Samples for comparison should be of heart-
wornl of Lhe teee trunk, showing average width of
ringes, and at least 3 inches from the eenter, or pith,
of the tree.

214, Drscmerios oF Woons 1% Kex,  The come-
mon and seientific names are these used by the
Forest Barvice,

The letters after the names refor to the forest
region in which the trees grow, as indieated on
the map (fig. 25} although the geographic dis-
tribution of each species is not confined exactly
tor the Timnita of the regions indiented.

HARIDWONOTE

{a) The white oak group. The following are
the principal comunercial species of the white ool
Eroup:

White onk {Quecows albe) (A, B, D, ).

Bur onk (Qaeerous spacreeaepr) (A, T G D0,

Seramp white ook {Quercws bivalor—formerly
fuerous plntanoddes) (A, B, 1)),

Past oals {Querens sicllate—~Formerly Quar.
eig mdngr) (B oand sonthern half of B

and Iy,

Chinguapin onk  {Qeerens  witldeaheryii—
formerly Quercus gowminaéa) (B, D, and
wll but enstern part of B,

Swamp chestunt ok (Queereus pelnes—Ffor-
merly @uercus michowed), also Imawn as
cow oalk (E).

Divercap ook (eercus Dyeata) (K]

Chestuut oale {fhearers mondone—Formerly
fheroas painus) (B oand eastern half of
.

The wonds of most of the species of the white
oak group ave so mueh alile ineolor nnd stroctnre
that no velinble means of identifying each species
has been fonnd,  Chestunt onk ean vsoally be dis-
tinguished from other species of the white oak
group by the move open pores of the springwood
in the heartwaol,

The wooids of the white ook gronp are heavy
and hard on the average. The sopwaod iz moatly
from 1 to 2 inches wide, The heartwood 15 gray-
ish brown. naoally withont any reddish tinge. The
dry wond is without chavacteristic olor or toste,
but the green wood has a sonr odor

The annual rings are moade very distinet by
the lorge pores in the springwoesd, which form
a porons ving from 1 oo & pores wide. In the heart-
wond these pores are nearly all illed with tyloses,
except in chestuut onl, in which they are move
open but not so much so as in woods of the ved
oale grroup,

The poves of the smmmerweod are arranged in
irregular, branched, V-shaped groups extending
pereas e vings, They see very amall and so nn-
merons that they are difficult to count even mder
o gordd hand lems.  This feature is an absolutely

1
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relinble means of distinguishing the conmereial
woods of the white onl group frem those of the
vl cak gronpy, Dhe smmmerwood poves o the Tniter
being larger and nol o numerons. Compare iihns-
trutions of post onlo (fig, 261 and clwstout onk
(g 2-Th, with ilostrations of novthern ved onk
(g, 2-8) and i ooak (fig 209, and olso samples
of Lhe fwo groups.

The most charneteristic feature of all eals woonls,
ineluding the ved onk and live ouk groups, is the
AR of eertain broad TiLYs, VEry I_'l:.lll:i]lil:_'llr:lll'\-:
on the end surface and sppenring on the radial
sirfuoe as silvery “patches™ from L4 jnch to 4
inghes 1 height with the grain,

Plain-sawed  chestnnt resenibles  plain-sawed
white onk, Lot is lighter in weight and bas coly
very fne rays.

(0 The vod oal growp, The Tollowing wre the
principal commereial species of the red onk grong

Northera ved onl {Queecis boveali=) (A, C],

Enstern ved sale (Prercws fopealis goanine)
(15, Iy,

Black onk {Quereas eeliding, nlso lnown as
yvellow onle (B, 1), K, pnd sonthern port
of A},

Sevtliern red ook (rescons calve—ormerly

e ey dipritetal, al=o kenown ns Hjl.:|||"|:-.'||
cale (B and southern pavt of 1.

Swamp red oal: (Qusrvies reliea pegodaco-
Felin—formerly  Querens pogodacarfalia),
also known as swamp Spanish oale (),

Seavlet ook (Querors coccinea) (B oand Iy
exeept Texas).

Pim oale (@aterces palusériz) (B, D),

Water onk {Quercws nigea) (IN).

Willow cak {Quercws pheflos) (E).

Lavvel aalk (@uesews Tourifolied {Soutlenst-
ern vt of Ey.

Blackjnek ook { @fuercws saeilpndion) (13, ex-
cept northern part, Iy, E}.

The woad of the species of the red oale group
averages abonl as heavy and havd ps thot of the
white oule group. The sapweod is from 1 mel to
B ineches wide. The heartwond venally has a ved-
dish tinge, alhough cccasional picees resemble
white oak in color. The dry wood is withonl
clhiarmcteristio ailor,or taste, bt nnseazoned woosd
iz wosonr odor,

The anmual vings averaoe wider than those in
thee woods af the white oale group snd a5 a rule
ave more distinet beeavse the springwond  con-
gigls of moestly open pores forming o porous ring

Figure 2-6. Post oek,

12

Troes section aieawifed 20 dlomecdors,
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Cewss geciioe wmepnified 20 dinwelors,

i, Chesfault ael,

]

Figaee

Fiyre 18, Northern red cak, Crope secficn itagndfol 20 dieaisicrs,

13
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Figare 2=8. Flo awk, Cross sctbion vurgmifiod 20 digmolers,

frem 2 to 4 (1 in nerrow vings) poves wide,
Blnckjnek ouk 15 an excoption in that the spring-
wondl poves are mostly elosed with tyloses, sz in
the wouls ef the white sak gronp.

The peres m the summerwosd are larger bt
less numerous than these o the white onk group,
aned ean easily be counted wnder o hamd Jens,
{ Compare figs, -0 and 281 An inzpector shonld
previde himself with o hali-inch eube of heart
wooll of the white enk group and one of the red
oak group, both showing rings of avernge width
wnd ent swocthly across the ends.  These eubes
may be tied torether, thos affording s convenient.
mienns of conparison.,

(e} The sling,

Ameviean elm  {Dlasegs  amerfcana), also
lnown as white elm, 2oll elwm, and aray
el (4, T, C, Ty, K.,

Blippery elo { Tl fulve—Tormerly D
grebeapang), also known as ved elm (A, B,
DL Ey

Rock elm { &y omeasii—formerly Timas
riecemosa ), alge known as covk elm (A,
B, D).

Codar elm { Ulwens cravsifolic) {Western pare
of E}.

14

The wood of 1he American and slippery elms
nsually i5 moderntely heavy and easy to worls;
that of the veck elm il cedar elm is henvier,
haeder, nnd ranls higher in mechanical properties,
ns a rule. All :-:|)|:ﬂ1'i1-':-: vy, however, as is shown
in the following tabulation of specific @ravities
of the apecies Tor which data ave nvailable {table
2-1}.

" The sapwood varies Trom about one-half inch
witle in slippery elm (o 2 or 3 inehes wide in white
eloi, with vock elm and cedar el intermediats.
The heprivwood is brovnish, wsnally with a veddish
timge, being darker m slippery ehn than in the
oither species. The wood s eonsidered practically
tnsteless and odorless, but slippery elm hos a
alight oder resembling that of the barls, which is
familiar to many on account of its madicinal nses,
The elms vsnally have interlocled gvain, which
mives them a |_I""Ill:.|{'1:||".}' o wimrgn

The anmmal rings nre most conspicnougly defined
in slippery elm and lenst in eoele elm and cedar
elm.  Im shippery elm, the springwood eonsists
of severnl vows of large pores as o vule, bot in
white elw, rock elm, and cedar elm only one row
aof lnrge pores 15 present, except in very wide
annual riegs  In vock elm and cedae elm, the
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Tivhfe 2-1.

Spreific Growty Valwes of Four Blns

Bprafae gravily boasetl om wpfight wlos gvots dey ol mlome—

Sprciim When arees Whim gyvem doy
Avarige A geximuzm | Sld=imne AT S imuem
Tack olm_ 043 | o &7 0. 73 50 | 0. 66 | 0. 1
Aippery cln Jan 45 LGE | L H =T LT5
American olin as | i &7 Rk . 35 | it
Cindar alny I 4 Sk G AT . 0 [ .87

springwosd pores are gmaller than in Amerion
el and ave usually filled with tyloses in the henprt-
wiond, sa g toomale then Ineenspiouosus on o
cross section, (Compare fige. #-10 and 2-11.)
This difference in the size and number of the pores
of the apringwond 12 probably the most velinble
menng of distinguizshing the speeies of el The
prores of the enmmerwood of all the elma are very
nimerong wiud jeined in omore or Jess conbineoos
wivy tangentinl lines found in ne other connmer-
cial wood except hackbervy,  Haclkberry, how-
ever, hna light gray heaviwood tinged with green;
and the rays ave distinet without & lens, while in
the elms they are not vistble to the inauded eye,

Figies B=I0. Adwoperieai ol

[d] Theashes.

White ash (Fresinus omerioona) (A, B, C,
Iy, Ej.

Gireen ash (Fregiees peansyloeriza loneso-
lata) (A, B, C, D, E}.

Blacl ash (Frosinee adgra), also known as
broorn agh and hoopash (A, C, and northern
parts of B and T¥).

The above thres species comprise ahout 95 per-
cent of all the ash eut.  The white ach sl green
ash are very much alike and ave sold as “white
) TR S TE

The sapwond of the white and green ashes iz
eomparatively wide amd white, The heavtwoonl

fross seciion wmageifod 20 dicmelers,

15
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iz grayish brown, ocensionally with a veddish
tinme. In the hlack ash the sapwosd i narrow,
nsnally Jess than 1 meh wide, and the heartwodod
ig mrayvish brown, without sny reddish €nge,
Black ash averages considersbly lighter in weight
than the other two specles, but the woml in the
gwelled butts of white ash growing in very wet
ewamps of the South often iz lighter than that of
black asgh,

Al wood, especially blacl ash, lias a faint oder
when worked bot for all practical porposes is eon-
gidlered odorless and tastelass,

All threse species have definite annval rings
made very econzpiouous by severnl rows of lorge
poves e Uhe springwosd,  To the sumerwood the
poves are few, very small, and isolated, or oe-
easionally tvwo or thees in o radial row {fig, 2-18).
In the white and green ashes the sumimerwoo
pores are surrounded by hight-colored tigssue {por-
enchyma) which projects tangentially, producing
light-colored lines often joining rores somewhat
soparated, especially in the outer portion of the
annoal ving,  (This iz not shown as clenrly in
the illustration of white ash, figure 2-12, as it
appears onoa smoothly eot end surfoee by reflected
light.) Tn black ash wood the porenchyma is
seant and projects lictle, if any, from the poves.

The ravs in all the ashes are too fine to be dis-
tinctly visible without o lens,

Chestnat resembles the leartwond of the ashes,
ezpecinlly blacle ash, but is lichter in weight and
hos comparatively many poves in the snnunerwonod,
the pores being arranged in radial gronps. Eln
oan be diggingoished from azh by its pometrons
summerwond pores arenged in wavy tangential
lines,

(a1 Fhe frue hinkories,

Bhagbark hickory (@arya ovate, formerly
Hicavia svate) { AT, T and novthern part
of 157,

Shellbarle hickory {(Carge Treeindoss, formerly
Hicorie lnciniesa) (IV).

Meckernut hickory (Corge fomeatoss, Tor
merly fisorin alba) (1, D, T).

Pigmml Nhiclory  (Qarye glefiva,  Tormerdy
Hisgein glabra), alzo known gz blaek hick-
ory (I8, ).

The waood of the true hickories 1= very heavy

and very hard and ranks high in tenghness as o
rule,

The eapwood 15 several inches wide, The heart-

wisod i veddish brown amd is without characteris-
tic odor o taste,

The anunal rings are clenvly defined by o wone of
lnrger pores in the springweosd, The pores in
bt pringwond and sommerwood e rather few
and isolated, The most characteristic feature of
the hickories 15 the numerons (& to 200 fine, 1ght-
coloved tangential lines (parenchyma) in each
annual ring. A lens is necessary to see these lines
distinetly. The rays are not visible without a
lens (fieg, 2187,

Hicloory i not ensily confused with other woods,
Thie great hordness and fne lines of pavencliyma
distinguish it from other commercial species.

(F) Prean (Cerya ifllinaeasis, Tormerly fiseria
pecas ), alss known as sweet peean (western half
of Thand Ej.

Althongh pecan is o species of hickory in the
botnnical sense, it belongs to o group distinet from
the true hiclories {(see above} and its womd iz
scnnewhat lighter 1n werght, solter and less tougl,
on the avernre.  If, however, 15 sultable for uses
where & strong womd, but oot the high degree of
tonghness characteristic of the trus hickories, iz
desiped.  Coneomitant with it lower density, it
alzo shrinls less,

The wood of peean vesembles that of troe hick-
oy closely in structure amwd color, althongh the
pores decregse move gradually in size from the
iner to the outer part of the annval ring, making
the woml less distinetly ving porons (fig, 3-14),
The heprtwood also is more reddish in color, s
a rile, although both of these featuves often are
et sulliciently distinet to distingnish pesitively
the wood of peean from that of the true hickores,

{1 Black walwwd {Suglana nigrea) (B, T, and
itorthern half of EJ.

Black walnut 15 heavy, hard, and usually
straight-grained, The henvtwaond luos o chocalate-
brown color often with a porplish tinge. The sap-
wond i3 nearly white except when darkened by
stexming.

The snoval vings are faivly distinet, for the
pores in the springwood gradoally decrease in
giza toward the outer Timit of each anooal ving,
Most of the pores are visible without a lens, bat
the rays are very fine {fig. 2-15).

The eolor and distinct poves are vsually suffi-
cient to distinguish black walint from all other
Wil

(h) Wokagany (Swistenie spp.)

(native 1

Lk
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Figure =11 Skogherk hickary, COross section smamifsd 20 ddmaselors,

P A= ol =

Figwee 2=14,  Pecon,  Orogz section tiggnifed 20 digmeiers.
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Flgure 3=15. Bleck icodewd

gonthern  Flovida, Mexieo, Central  Amerien,
povthern South Ameriea, and the West. Indiss),

Mahogany has o Tustrovs reddish-brown appear-
anee, Lorning davker on exposure to light, T
varies grently in weight., The lighter pieces are
aften elassed spoately ns “baywood.”  The waond
15 practically odorless and tastaless,

The growth rvings {probably aonual vings),
which arve defived by light-colored lines, are
widely variable in width from cne thivty-second
o ome-half inch or move (fiz, 2-16). The pores
are plainly visible withoot o lens and uniformly
digtribmted throughout the srowth ring, appear-
ing w3 grooves on the longitudina! snrfuces.
Numerous pores contain darlk, amber-coloved gum.
The rays are aleo distinet without a lens.

Khava vesembles maliogany move than any other
woedl, It has abount the sune eolor, pnd the pores
ave fully ws distinet without a lens, but the fine,
light-eolored lines which define the growth rings
pre missing, thus affording wn ensy method of dis-
tinguizhing the two woodz, | Compare figs. 2-16
and 2-17.)

Sweetgum and biveh can be stained 30 a3 o
imitate mahognny  sorprisingly  well, but on
close imgpection it will be found that the pores

Cross soction mogmifad 20 dinwelers

af sweetgum and bireh are ot distinetly visible
without o lens,

(i1 Mhaya
Afrieal,

Khava, frequently ealled “African mahogany™
in the trade, reseibles wahogany in color, strue-
fure, wned properties but differs in having slightly
lavger poves and no well-delfined growtl vings {fig.
2-17). Oecasionally navrow zones of less porous
waod oceur, Dot fhese st not be canfused with
the gharply defined white lines found in mahog-
any. The weight of the two wonds iz similar,
although mahogany averages a little heavier.

Lilee muhagany, khaya has pores plainly visible
without o lens, many of the pores containing o
dark amber-colored g,

(7} Awerioan bocek {Fagus grandifolis, for-
merly Fegus etropunieec) (A, By T, B, ol east-
ern half of O},

American beech is a heavy, hard woodd, withouot
characteristic odor or taste.  The heaviwond has
a veddial tinge, varying from light to moderately
dorle, The sapwood is usually several inehes wide
and passes gradunlly inte the heprtwood.

The pores are invisible without a lens and de-
crease in sizge, slightly and gradeally, from the

(K haya spp) (West Coast of

%
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ey bo the onter portion of each ving (g 2-18).

Seme of the rays are broad, being fully twice
as widle us the largest pores on eress ssetions. On
ridind surfaces the larger ones appear as con-
spienons reddish-broven “Mokes,” and on tangential
surfaces us dacker dashes, messuring about one-
eighth el with the groin,  The other rays ave
viry fine.

Majpe rescinbles heecl, except that fn maple the
wideat vays are about the same widih oz the largest
poves and nob so eonspiencts on the radial sore
face.  Awmerican sycomore vescnbles beceh in
structure; but all the rys in syeamore are wide
sl therefore appenr more pomerons, and  the
wond 18 considerably Lglter in weight,

(&) American syeameore  [Platanus erciden-
talis), sometimes ealled plane.  {Oceurs in all
States east of the Great Pluins, )

The wood of American syesmore is modarately
heavy, boing just slightly heavier than sweelguim.
It usvally has interlocled grain and is snbject o
shake, eapecially in lavge trees, The pale-reddizh
gaprwond 15 from 114 to 5 inches wide and merges
erndpally inte the reddish-leown heartwood. T
is without charaeleristic odor ar taste

The armoal vings nee, 05 & vale, distinet, beipg

defined by v narrow, more light coloved band in
the outer pave of each ving. The pores arve not
visible without a lens and fairly oniform o size,
except that they ave shghtly smaller in the ex-
treme onter portions of the asual rings,

A stviking charpeteristic of syeamore 1s the nu-
el ons |-|_:|:1Tire]T1: lwvge  raye q-rr]]:-;l_‘ah:uq:-l.ts o
arnthly el end surfaces (fig. 2197 and a2 darlker
reddisti-leown *flalkes™ vy to three-siztesnths inch
aTong e geain on eadially cui Tomber and veneer,

(0 Black cherey (Prosues sevotina) (A, B, C,
I, E).

The wood of ack chervy is moderately heavy,
fatrly stewighit-mraimed, and withoot chavacteristic
odoror tnste. The sapwood i narrow, The heart-
wined] has o lustrons, reddish-brown eolor.

The annnal rings ave fairly well defined on
account of the slightly lavger pores of the spring-
wood, which decrease in size gradually toward the
otter fimit of each annual ving. The poves are
ol visible withott o lens,

The vays are very distinet on the eross seetion,
the Targer ones heing as wide as the largest pores
(fg. 2-207,

Clierry 15 easily distimgimshed from mest other
wonorls by it eolor, Malogany lins o gimilar color,

Fignire 20, Aweriers oeeh,  Orozs soodion agwdfled 20 dicmelors,

n
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but the pores in mohogany ave easily visible with-
ont a kens and frequently contain a veddish-brown
g,
() Fhe magiles,
Sumar maple (deer soseharophorws, Torm-
erly Aser precharwm) (A, B, C, D),
Black maple { deer aigrom) (B, T,
Red maple (Adeer rulian) (A, B, C, 1Dy, E).
Silver maple {deer saccharinum) (A, B, I}
E, and southern half of C).

Table -2, Speciie Frosiy

Sognr maple and blecle maple, bsth elnssed ne
Shard mayple,™ ave heavy, haed, and diffioult to
eut across the grain, Tn these respects they differ
from silver maple and ved mapde, which are elazsed
as Yeoft maple,” and arve not quite so heavy and
hard, although red maple is heavier and harder
than silver maple, The ranges in specific gravity
found in these species are given in talle 2-2,

The sapwood 15 wide 1 all the maples and 1=
often sold separntely as“white maple.” The heart-

Falues af Four Waples

Bpesifle provity besed an weight when gven dry g=d vobame—

Bpsies Wl oo | WhEn aven iy
P —— - — —-
! Wl uEinnim E A verape M pximum | M inEmmin ANorage Alastimum
|
Sugar maple et I o 4T i &6 0. 8 0. 57 0. 8 0. 89
Tlack maplo_ - | LA . b L0 . L0 _TA
Brod maple. ... __ [ L et o ) A .70
Bilver maple_ ... ... 13 L L .-.H.*l 61 - il
|
1

wood i light vedidish-brown, without ehameteristie
odor or tnste.

The siual vings are defined by o thin reddish
lnyer nsually congpicnons on dressed longitudinal
aurfaces.

The pores are all very small aml uniformly
distributed thronghont the annual vings (figs. 2-21
andl 225,

The ravs wree very distinet without o lens, and
mncler o lens the largest ones appear fully as wide
as the largest pores.  On radial surfaces the rays
ave couapicnons as small eeddish-brown “fales™
whout one thivty-secomd to one-sixtesnth el wide
with the grain.  In sugnr maple and Black maple
anly part of the rays arve as wide as the pores; the
others ave very fine, being borely visible with a
lens.  In both the soft maples nearly all the rays
arpenr broad, although usnally not quite so broad
ns the laree ones of the haed maples. They give
the appearance, however, of being more numerons.
This is 0 rather fine distinetion, and an inspector
should have samples for comparison.

Bivel and beech rezemble maple somewhat, al-
though a little experience with the woods will
veadily show the difference.  DBireh hag larger
pores, visilble as fine grooves on deessed surfaces,
and the rays on the eross section are not distinet |y
eizible without o lens, In besch sone of the rays
are very congpicnong, beiug fully twice as wide

ns the lnegest pores, amd the pores decresse In size
and number toward the outer part of esach annual
ring,

(n} Fha birches.

Yellow bireh { Betule ftea) (A, B, O,

Bwest bireh {Fetvla lewda), also known as
ek biveh and cherry bireh (A, B, and
eastern half of 1),

Aldaska iveh { Betele neoaloskana) ( Alaska).

Paper hirch {Beftla papyrifera) (A, O and
worthern part of B,

The: waonds of the yellow bireh and swest biveh
are =0 much alike that as o vale ne distinetion is
maile between the two, although sweet birch is
somewhat heavier, The vellow bireh is the more
abimdant of the two,  The hesvtwond of both is
marketed as “red biveh™ and the sapwood oz
fyellow bireh,”  The wood is hewry to very heavy,
straight or corly grained,

Aldaska biveh and paper biveh ave similar in
properties, both being moderately  heavy and
moderately el

The supwood of all the bivches is comparatively
wide wiil practieally white; the heartwoosl iz light
to dark veddish brown,  The heartwoord of Alasla
and paper birel in teees of conmmercinl size fre-
quently s infected with decay. Birch wood iz
practically odortess and tastaless,

The annual vings ave sharply but not conspic-

23



Downloaded from http://www.everyspec.com

3

iy
Pl

oo i

ey e e

N,

e
i e " s O
T o

-,

S

Crpad sechivn megnifod 20 divmercrs,

Mlomre 220, Rewd ssapiv,
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Cross sectior neprified 20 dicwmeters,

Figwee 222, Bugar maple,
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uously defined by a thin layer of denser Lissoe
the auter part of each anonoal ving (fiz, 2-25),
The pores are of almost wniform size throughout
the annual rings and barely vigble, wder o gomd
light, on o very amocthly ent cross section.  On
dressed longitadinal surfaces the pores appear as
fine grooves. The rays are not visible without
o lens, their dinmeter being much smaller than
that of the largest pores.

Yellow Lireh aml sweet biveh cannot positively
be distinguished from ench other by mennz of the
wooll alone. Neither can Alasle bivel and papser
biveh be distinguished from ench other, but they
g i many coses be differentinted from yellow

Toble F=3, Specife (fra

anid sweet biveh by their lower weight, althoogh
there iz some overlapping, as is indieated by the
ratges in specific gravity of the wood of these
species at heights in the tree 3 o 10 foel above
pround as given in table 2-3,

Paper birch vsnally has numerons pith flecks
[sec. 2007 which are absent or comparatively
seeree 0 yellow wnd sweet Divel, as & rule, although
they swmetimes are common in the latter two
gpecies and senrce In paper birch, Hiver bireh
[ Metula sdgea), whicll is rarely cot into lumbser,
aleo hag nmerons pith fecls, o oorule,

Maple is oeensionally confused with bively, bt
the two ave ensily distinguished by the fact that

vity Valwes of Fouwr #irckes

w gravity based om weight when ares dry and volumse--

! St
Bpnmied | Whsrn grecdiy Whis aver dry
o i | ACETARS | b A [T BIERimi | A riiEn Mpsimzm

R : { | —
Bweet bireh .o .. i 53 | k. G I ik 68 066 | 071 0, &1
Yellow hireh . I LR | .55 | L0l N N . T4
Maskn bivel . . oo R E Bl , Bb Bl 8 i
Paper hireh, oo oo B | L8 HE L , 1) . G

a5
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in maple the poves are woch smaller and the mys
wider, the lntter being very distinet without a
lena.

[0} Sweatgum | LiguidemBar styracifie), olso
Inown as red gum (sonthern parts of 13, 1D, E).

Bweetoun is moderately heovy, with somewhat
interlocked grain, and without charneteristic odor
or tnste, The sapwood (sold as “saprum™) s
highly variable mn width. Tt iz white, with a
pinkish hue, ov often blued with sap stain, The
heartwaod 15 reddish brown, often with irregular
darker streals, The wood ling a very uniform
structure.  The annual rings and pores are not
distinet to the unaided eve, but the rays ave fairly
diztinet without a lens {fig. 2247,

The fine, uniform textore, interlocled wrain, and
reddish-brown eolor are usually sofficient o dis-
tinguish sweetoum from other woods,

() Fellow-poplor | Liviadewdron f0f pifen,
alao lmown as whitewanod, tnlip poplar, tuliptres
(B, Iy E).

Yellow-poplar iz moderately light, straight
grained, and without characteristic odor or taste,
The sapwood 15 fromm 1 inch to several inches wide.
The henvtwond is light to modeentely davk vellow
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ish brown with a greenish tinge, oceasionally pur-
lish browin,

The wnnual rimgs are lmited by lght-colored
lines, The pores are evenly distributed through-
out the annual ring, and are tog small to be visible
with the unaided eve. The rays wre distinet with-
ot o leng bot nuevower than the Torgest pores (fig,
22453, The heavier grades of yellow-poplar are
difficult to distinguish from magnoelia and cuenm-
bertres,

[q) Southern megnelie (MNegnolia  groewdi-
fora), also called evergreen magmolin, | Constal
Plain from zouthern North Carolina to enstern
Texas.)

This species is much like yellow-poplar in color
and atrnetnre hot i3 appreciably  heavier ani
stronger.  The heartwood normally is greenish
vellow or brown, but ovensionally 1t exhibits vari-
ong shades of purple to slinost black, It has no
characteristic odor or tasta.

The annual rings are feirly distinet on smosth
surfaces, being defined by narvow, whitish lines,
The pores ave too small to be vizible without a kens,
uniform in g1z, wnd evenly distributed in the an-
nual ringe  The vays arve bavely visible withont a
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Fignore 225, Yelow-poplar,  Grodz seobion mopnifed 20 dlomeiers.

lews, boing light coloved and about as wide as the
larmest pores,

A similar species of wognelia, ealled sweathay
( Wagnodin advgindone), rrowing in the southenst-
ey portion of the country from southern New
Englaml to Texag, 15 of some commereial impoi-
tamee. Mo best datn on the wood ave available, but
it is veported to be similar to soothern wagnaolia,

Cucambertiee (Maganlia ananineta) is easily
confuged with yellow-poplar as well as with other
species of magnoliag althongh it averases somewlial
heavier than yellow-poplar. It is not guite =o
heavy as gouthern magnolia and has narvower
rays. It is frequently sold as yellow-poplur, It
grows in the same region, exeept in Florida and
alomgr the Bouily Atlantic coast.  (If can be posi-
tively distinguished from yellow-poplar and other
species of magnolia with a compoeond microscope.)

() Basswosod  Pilia glabra, Tilin Reteraphylin,
anil other apecies), also known as linden (A, B,
D, E).

Bugswond is n light, soft, straight-grained wood
with acreamy white ov very pale brown color, The
heartwood is not clenyly defived Trom the sapwood.
Cecngionally the heartwood hag an abnormal ved-

HE23TL—3L d4

dish-brown eolor. Tt is without taste, bot has a
glight charnetavistic odor even when dev. The
woodl 18 diffuse povous, the poves heing invisible
withool a lens. The rays are fairly distinet on
Lhe end surface and often conspiencus on the radial
aurface {fig. 3-240).

(=) Coffewwesd ([ Popalus app)y (I, O Dy E,
.

Cottonwood 15 light to mederately light, soft,
and more or lesg ooss-orined. The straighter-
prained lumber warps less and is belicved to come
from ald, slow-growing trees koown aa “yellow
cottonwond™ in distinetion from the “white cotion.
wopd,” which usually has wide annual rings and
i5 more subjest Lo wirping,  Cottonwond is with-
cut taste but has a slight characteristio sdor,  The
heartwood, which is light gvayish brown, is not
clepvly defined from the sapwond,

The poves, which are barely visible to the naled
CVR, AT VEUY Duiierons and of about nniform sz
throvghoot the anmeal ving, The roys arve very
fine, barely visible with o lens {fig, 2-27).

Light-weight water topelo resembles cotton-
wond bt has smaller pores. Yellow-poplar is
gimilar in weight s harduess, bot its greenish

27
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tinge wsually distinguishes it. Basswood has a
e cremmy-white color, amaller pores, and more
ilistinet rays,

(20 Water fupelo (Vysaa aguatioa), also known
ng tupelo gum and tnpelo.  {Constal and Missis-
sippi bottemlonds of E.)

Thiz is ene of the most varinble of native species
af wooll, Trees growing in fvundated swamps
usually have swelled butts which contain excead-
ingly light wood, wherens 10 to 16 feet above the
ground the wood may be nermal. Ranges in
apecifie gravity from 019 Lo 0,52 have been fonnd
in trunls, and even lighter wood iz produced in
the roots of this species in wet situations, The
woorl chavacteristically has interlocked grain.

The wide sapwond iz dead while in eolor, and
the hesvtwood is light brewnish gray, It is with-
ok eharacteristic sdor or taste

The pores are very small (invisible without a
lens}, radher uniform in size, and faivlp evenly
distribifed throughout the aunal ring, wlach is
bounded by a narvow line sometimes difficult Lo see
elearly, Oocasionally three or more pores ave nd-
jacent in radial vows, as seen with a hand lens en
a smoothly cut surface, s Tact which distinguishes
tliis wonnd from the sapwood of sweetgin, in which

B, Weler dnpely,  rass soclion adgeiled 200 diminclers,

the pores ave wot i distioet vadial rows, {Comne
P figzs, S gl 2255 The rays are very flie,
o Taot which, together with the snndl poves siod in-
conspicnous annual ring boundaries, makes the
wood vnosunlly featureless exeept for its inter-
locked grain.

The wool of swamp tupelo (Vyssz bifera),
which grows aleng the coast from Maryland to
Texns, is indistinguishable from that of water
tupelo and is wsually marketed as such.  DBlack-
i { Ngsea sylvation) does nol profues as BHght
woodd and has darlker heartwood, but even so it is
difficult to distinguizh from the hesvier wood of
the other twe species,

CONITERS

(w} Fhe cedavs,

Alnakn vellow-cedny (& Aameseypails Root-
katensia}, wlao known as Alnsha cypress
{western portion of H and novthward along
the coast to Alaska),

Port Orford white-cedar [ hemaecyparis
Fewseniona), also known as Port Orford
cedar  {southwestern Crregon and  north-
westarn California).

il
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Korthern white-cslar | Phuja sccidentelis)
(A, B, O).

Woestern redeedar { huja plicata) (H, north-
ern B,

California incense-cedor [ Lilocedras decer-
wend] (Oregon and California).

The waed of Port Orford white-cedar is maod-
erately light in weight, straight-grained, and with
a pungent, gpicy odor and taste. The sapwood
iz not clearly defined from the Teartwood, which
ig very pale brown in color.

The sununerwood] 32 not dense and lard, as in
many coniferons woods, and the springwond is
a little fivoer than in the western redeadar, thus
making Povt Ovford white-cedar o wood very uni-
form in structore and less spongy than some of
the other cedars (fig. 2-207,

The eador snd very light-brown coler are nsually
engigh to identily Port Orford white-cedar.

Aldasks yellow-cedar is similar Lo Port Ovford
white-cedar in weight and stnwture but 15 almost
clenr yellow 1 color, The ador is less spiey, more
disngreenble, but also strong and characteristic,

Western  vedesdar s light in weight and
strajght-grained.  The sapwood is rovely over 1
inch wide, The hamtwem] is reddish beown, with

rh. i

! ‘1 il

:[Ilr

Figrerg 2-29, Pord Qrford selite-oodar,

e
T

AR

the charaeteristic wlor of cedar shingles and a
somewhat bitter taste when chewesl, The wood
iz not Hpitchy™ and containg no resin ducts, al-
thongh it coniwing a slight quantity of aromatic
oile.

The annual vings ave distinet, moderate in wideh,
with a thin bot well-defined band of summerwood
(fg. 2-30). The springwoed is very soft and
BP0y,

Novthern white-cedar resembles western red-
ety in ador and taste but genernlly is withoot
the reddish Tue; vsuslly 3t has narrower annmal
vings, less pronounced sununerwood, wnd sver-
wires lighter in waight.

California incense-cedar is also very similar to
western redeelar, although it has wider sapwooml
as a rule. Particles of nmber-coloved resin in the
vay cells, as seem on the vadinl surface with a good
Tand lens, arve abundant in Californin incense-
cedar bt nlmest absent in the western vedeedar,
In California meense-cedar (g, 2511 the apring-
wood is firmer than in western redeedar, maldng
the wood as w whole move uniform in texture.
Althongh the odov and taste rezemble those of
western vedeedar, they sre maore ncrid in California
incense-cedar,

|u||
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(o) Fhe aphdte gang group,
Eastern white pine [ Fawe atrolue) (A, B,
).
Western white pine {Péees mondicale), also
lnown as Ldaho white pine {F, H, I},
Sugrnr pine [ Pinws lembartiona) (1),
Eastern and western white pine are very similar
in the character of the wood, They s light to
mslevately Tghit, straight-grained, and peactically
tasteless bot have o slight, vet distinet, vesinons
odor. Of the two, the western species is slightly
heavier. The sapwond varies from 1 to several
imelies in width,  The heartwond ig ereamy brown
to liglht reddish brown, espectally reddish at lnote,
The annoal vings see distinet, but the summer-
wood s not a proncuncedly davker or appreciably
harder layer. Throogh o lens, the resin doects
appear on the cross section s specks or minote
openings (fz 232}, On longitodinal surfaces
they nanally are visible to the naked eye as vellow-
ish-brown lines, Exudations of resin eeour ocea-
sionally, espacially when the wood 15 warmed.
Sinee the eastern and western white pines are
very similar in appesrance and properties, it is
not necessary to distingnish between the two com-
mercially, The onter portion of ponderosa pine
logrs nsually bas naveow anonal rings, with o very

Figura 235, Kastery whife pine,

a2

thin layer of summerwoed approximating the
white pines in appeariance, and 18 somnetines solid
us *wlite pine” It usually can be distinguizhed,
bovwever, by its horny, glistening ayer of summer-
weaad, especially in the wider rings, in which it is
more congpienous,  {Compare  fga. 2-22 and
204 Often the summerwod 15 more distinet
on the longitudinal soeface. In o shipment of
pendeross pine lomber, nomerons boards with
comspienons layers of summerwood may usually
b foumul.

Sugnr pine i very munch ke other species of
the white pine group in structure and properties.
The sapwood 12 from 1 to several inehes wide.
The heartwond ia very light brown, only slightly
darker than the sapwood and practically never
vecdish, as 1= the ease qnite often in the white
pines,  Byown stadin, which 1= commen, is caused
by drying the lumber under certain conditions,
The summerwond never appears as a horny,
elistening band ng in the vellow pines,

The wood of sugar pine lhus a slightly conrser
texture than that of white pine; that i3, the fibrous
eellz and resin ducts have n grenter pversge di-
ameter, The distinetion 1= vather fine, however,
to uge without a componnd microseope (Rg. 2-38) .
O o longitudinal surface the vesin dncts newally

Crosg gection megnifed 20 dloucters,
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Figwre 2-35, Pouderoea pine,

Ceosa gontien meagnifed 20 diomeders,

a3
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are more conspicuons a3 brownish lines, but in
some pieces of sugnr pine they are inconapicueng,
and ceensionally in eastern white pine, western
pine, wnd ponderosa pine they may be just as
prominent as in uny sngar pine,

White granulor exudutions with a sweetish taste
pre (quite comman 1n sugs pine hounber and when
present ave the most reliable means of distimgnish
ingr 1t from other pines, ’

() The yellow pine groep

Povdlerosa pine (Pinws poadarose) (T, G,
H, I).
Bed pine {Piawus vasinosn), also called Nor-
way pine {A, northern part of B, C).
- Pondlerasa pine is one of the lightest and wenl-
ek woods of the yellow pine group and avernges
only slightly heavier than western white pine.
It is more variable, however, some of the more
vigorous second growth approximating southern
yellow pine in structure and properties, )

Red pine is somewhal heavier than petulerosn
pine, on the average, and less varioble in weight.
The sapwood of both species varies from 2 o 4
inches in width, aod the heartwosd is light
reddish brown, becoming darker on exposure fo
light. The heartwood has a distinct resinous

odov, especially when freshly eot. The sonmer-
wond of both gpecies, which 15 dark and hornlile,
distinguishes then from species of the white pine
geonys, lthougzh often it 18 very narrow, especially
in pondeross pine,  (Compare figs, 2-34 nnd 2-55.)
(Beedd pine i5 the only one of the native pines that
van positively be distinguwished from wll other
native gpecies  of pine  with a compound
microseo)e. )

() Dowglas-fe | Peewdotsuga tanifolia), also
knewn g red fiv, yellow fiv, ol “Ovegon pine™
[export) (19, G, H, 1.

Douglas-fir differs from Lme s (white fir,
noble fr, balsam fiv, efe)) in that it is heavier,
atronger, more durable, and has resin docets anid
distinetly darker heartwond,  The heactwoon] has
noveddish e, uenally quite pronounced, espe-
cially after exposure, althongh in old coast fies the
outer part of the heartwood 3= less veddish and
iz marketed as “yellow fir,” The heartwood of
Douglos-fie has a charseteristic odor when worlked,
The sppwood is from one o several inehes wide.

The annual rings are made distinet by a con-
spiengns band ol summerwomd,  Hesin duets nre
not =0 distinet as in the pines, nenally appesing
as whitish specles in the summerwood,  Often

Figwre 833, Red ping,  Crors section wadnified 20 divuiclers.
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several ducts ave in short tungential rows, o fea-
tnre not normally Tound in the pines.  (Comnparce
furs, &80 and 236} Slight exudations of resin
on eross sections aree common o can ugually be
mide to appenr slightly by woarming the wond.
The wood is moderately heavy to heavy.

With o compound misroseope, Douglas-fiv can
ensily be distinguishesd from all other commercinl
wirla by the presence of fine spivals in the fibars
that resemble the thread in a nut. This can be
seent e & migroseope on a longitudinal split
surface without preparing a micrescopic slide,

(7} Western luroh | Lavin scpidentaliz) (F, H).

Laveh pesembles Donglas-fir considerably bot
has narvower sapwood (ravely over 1 inch) and,
instead of being reddish in color, the heartwood
is russet brown,  The rvesin ducts in the two spe-
cies are of about the same chavaeter, althongh the
fiv 15 more vesinons g a vule (fg. 237},

(2} Fle sprises,

White spruce (Pices glauce, formerly Pison
cenadensis) (A, C).
Red gpruce [ Piosa rubra) (A, B).
Sitka spruce {Pieca sitefensis) (along coast
Iroom novthern California into Alaska).
The sproces are light to moderately light,

MEITE—OL—4

Figore 208, Dosvglea-fr.  Oross ssoffon megrifod 20 digmelenrs.

nsually straight-grained woeds, In the white
gpruce and red sproce the hesrtwood i3 ns light
coloved as the supwoeod, ot in Sitke spruce the
heartwood has o light veddish tinge, moking it a
little darker than the s pwoel.

The annual vings are clearly defined by a dis-
timet, but not very haed and horny, bund of 2um-
merwosl.  Sprnce vesembles the whike pines in
testure, but the vesin ducts are fewer and smaller
in sproce {compare figs, 2-32 and 2-38), vsnally
appenring on the eross sections as whitish apecls
in the summerwood and en longitndinal snrfaces
ng fwint lines,  Piteh pockets are occeasionally
found i spruce, and slight exudations of resin
agent on cntg made before the wood i= seasoned.

On aceount of its reddish finge, Sitka spruce
might be confused with light geades of Douglas-
fir. The fiv, however, hns wider sommerwood,
except in very norrow vings; thevefore, rings of
average width should be compnred.  Split or
smodhly dvessed tongential surfaces of Sitka
aproce nsually have munerous slight indentations
which give 1t a “pocked™ appearance never found
in Dwngles-fiv (fig. 2-39). This characteristic is
more pronouneed in material with nasrow annual
vings and may be missing entively in wide-ringed

as
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spruce, especially that near the center of the tree.
Oecasionally the enstern sprnces also show this
uneven tangentisl surface to a slight extent. Some
potderesa pine trees also develop this “pocked™
appearance of the wond, but the pine can be dis-
tinguished by the large and more numerous resin
duets and dovker Teartwond,

Engelmanm sprwee {Pices engelmannd) iz a
conunon tree of the Bocloy Manntain and Cescende
Ranges. That growing in ihe Tnited Stotes aver-
ages lighter in weight than Sitha sproce and
therefore o saller percentage is of suitable
strength for nse in ajveraft. The waod of Engel-
manm gprace eannol be distingnished from that
of white and red sprace by its color or cellular
sbrncture.

{ua] The eypresses,

Baldeypress § Farodivwe distichom) (E).
Pondeypress {Tovodivm aseendens) (E).

These two species eannot be distinguished by
menns of the wood alone, They ave highly vari-
able in cotor and weight. Commercially, the wodd
is often elassified as “white,” “yellow,” “red.” and
“hlack® eypress according to eolor, ot these are

arbitrary terms without definite meaning. As a
rule, the darker grades are heavier, but that is
not always the ese.  The henrtwoml has o char-
neteristic rancid odor when fresh.  In dry wood
the oder is less pronounced, bat can often be de-
tected by whittling or, better yet, sawing the wood
and holding the sawdust to the nostrile. The wood
is without clirncteristie toste, The weight varies
fromy moderately light to moderately heavy.

The annual rings vzaally are irrsgular in width
und outhine {fig. 2207, The sommerwood i3 very
distinet but narvew, although eften wider than in
the eedars. Cypress wood feels greasy or waxy
to the toneh, especially the heavier and darker
finds, Resin dnets and exudations of resin are
absent.

Baldeypress cesembles the cedors and redwood
sommewhat ; bol the cedars have an aromatic odor
andl epicy taste, and vedwood is tasteless and odor-
lp=s,

(Bd) Bedwaod {Seguoin sempervirens) {Northe
western portion of T).

Redwood can easily be distingnished from other
native species | except gisnt sequoin, which grows

37
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in the Sierra Nevade Mountnins bot is not com-
mereially important) by its moderately Ight, ved-
clish hrown wood withowt odor or taste. Western
vedesdar heoviwood, with which it is most engily
coninsed, hos provounced oilor and taste. Tt has
me pores or resin ducts (A 2411, The snminer-
wood, although wsnally noreow, iz rdher dense.
The color may vary from light to dark shades of
redldish brown,

(o) Fhe frue fivs.

Noble fiv (dAbfes procera, formerly dAbics
robilis) (H),

Californin red fir (ABiez magnifiea) (1,
sottthern F}.

Pacific silver fir (Abies omabilis (western
half of H and T and along the eoast to
southern tip of Alnska).

White fir { Abies concolos) (G, H, 1),

Geand fiv (ABiey grandis) (H, and norveh-
western parts of Foand T).

These and other species of lesser importance
belong to the tme, or bal=am fr groap, which is
distinet from Donglas-fiv, Toth heartwood and
sapwesd] of white fir, grand fiv, and Pacific silver
fir are nearly white in color—more specifically,
the springwosd iz white but the summerwond is
brownish with a lavender tinge.  In noble fir {fg.

242} and California ved fie the apringwoosd as
well as the snmmerwood has a faint veddish tinge,
making it difficult to distinguish these species from
western hemlocl, which they also resemble closely
in stroctore. In fact, it often is not possible to
distinguish these speeies without a compound
microscope.  Although the summerwond is dis-
tinet in all of thess species, it is not as harcd as
in Douglas-fr,  The wood is light to moderately
light in weight,

Resin duets ave normally absent in the troe five,
elthongh oecxsionally tangeniial rows of trau-
matic duets {abuormal doets due to an injury)
ave present, ot exndations of resin ravely ocenr.

The woml 15 practically tasteless, bot the henrt-
wond often has o disngrecable odor, especially
when green or veinoistened,

[y Wastern hemdock (Fruge kelerophylla)
(T, B, andl movihwestern California).

This is o moderately light, straisht-giained
species. The sapwood is not readily distingnished
from the hemtweod, which is pale brown in color
with o peddish tinge, Novrow bands of summer-
woodl, which are not very hard, clenvly defime the
annual vings {fg. 248), The springwood as well
ng the summerwood is shghtly reddish, which
mikes it diffienlt to distinguish hemlock from noble

H
1k
].
£

..f"l'n'n'rv' A-pt. Nable e, Drose soctor mageifod 200 diabiclers.
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Figwee =34, Western homlock, | Oress section magwifed 20 dismdders,

Ae. Resin duets are normally absent, slthough
frequently tangential rews of troumatic resin
duets are found, appearing in the form of dark
lines on transverse and longitedinal sectiong,
Resin does not ordinarily exude from these ducts,
and the wood may be said to be non-resinous for
all practical purposes,

2.16. Ky vor rue Inexmricarion oF Woon Use-
FoL 1w TuE CowsmRucnow or Arrtaxes. | Unless
ot herwise directed, all observations as to structore
ghould be made on end surfaces of rings of average
width eut smeothly with a sharp knife; and all
whservations as to color should be made on freshly
cut longitndinal surfaces of the heartwood, A
lens with a magnifying power of from 8 to 16
dinmeters should be used, )

HARDWOODS

I. Wood with pores. The pores are conspicu-
onaly  larger than the surrounding  eells,
although in some gpecies they are not visible
without magnification. Neither the pores nor
the filer cells are in continuous radial rows,
(For *Wood without pores,™ see IT, p. 48.)

A. Ring-porous woods; that is, the pores at the

beginning of each annual ring are com-.

paratively large, forming a distinet porons
vings, and decensze in osize more or less
abruptly toward the summerwood. [For
Elfluse-porus woods,” see T, po 42

1. Bummerwood figured with ivregular V-

ghaped patches of pores and light-colored
tissue extending across the annual rings
and visible without a lens on o smoothly
ciut cross section.  Many rays very broad
s conapicuous. Wood heavy to very
heavy.

THE OAKS,

a. Pores in the summerwood very small and
s0 numerous as Lo be exceedingly difficult
to count under a lens; pores in the spring-
wood of the heartwood more or liss com.
pletely plugged with tyloses; except in
chestnnt oak, in which they are more
open.  Heartwond brown, usually with-
oul reddizh tinge,

THE WHITE OAK GROUFP, page 11.

&, Pores in the summerwood larger, dis-
tinetly visible with (sometimes without)
a Dand lens, and not o numerous bui
that they can readily be counted under
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# lans; pores in the springwond mostly
open ; tyloses not abundant. Heanrtwood
broven, nsually with reddizh tinge.

THE RED OAK GROUP, page 12,

2. Suwmmerwond figured with long or shoret

wavy bands ronning more or less parallel
with the annual rings, and visible without
a lens on o smoothly eut cross section. Rays
not, distinet without a lens,

o, Caveful examination with o hand lens
ghows that the poves of Lhe sommerwood
are very numerous and joined so as to
form more or less wavy tangential bands,
Grain frequently inberlocled.

THE ELMS.

a. Lavge poves in the springweod usually
ifn one Fow, exced in very wide rings.
Heartwood light reddish brown., Sap-
wood usually more than 1 ineh wide.

iy, Rows of poreg in the springwoodl
conspicuous becnuse they are large
enough to be plainly visible with-
ont o lens; they wre mostly open,
containing only a few tyloses; and
they are foirly close together,
Wood moderately heavy; fairly
evazy to cut.

AMERICAN ELM, pore 14.

b, Hows of poves in the springwoeod
meonspionous  besause  they are
gmall, being barely wisible without
a len=; they are closed with tyloses,
eapecially in the heartwood; and
they often are somewhat separated.
Waood heavy ; difficult to cul.

ROCK ELM, poge 14,

CEDAR ELM, page 14,

by Large poves in springwood in several
rows; mostly open, containing few
tvloses, Heartwood desp  reddish

brown. Sapwood nsoally less than 1
ineh wide, Woodd moderntely heavy.

ELIFPERY ELM, page 14.

B, Careful exwmination with a hand lens
shows the pores of the summersood to
be fow and isolated {(or occagionally in
radial rows of two or three), but sur-

rounded by light-colored tizsne [paren-
cliymia), which projects move ov less
tangentially, occasionally connecting
pores widely separated, especially to-
ward the outer portion of the annnal
vinge,  Grain usually straight.
THE ASHES.
iy, Projections of light-colored tissue
from the pores of the outer summer-
wood comparatively long and distinet.
Heartwond grayish brown, oceasion-
ally with reddish tinge. Sapwood
wide aud uevally present in wide
boarda,  Wood heavy,

GREEN ASH, page 15

WHITE ASH, page 15,

by. Projections of light-colored tissue
from the pores of the oater summer-
wood short, often absent.  Heartwood
grayish brown, Sapwood vsunlly leas
than 1 inch wide and therefore scaree

m lumber. Wood moderately heavy.

BLACK ASH, page 15

3, Summerwood not figured with radial or

tangential bands distinctly visible without

a lens Tores in the summerwood com-

paratively few and izolated or in radial

vows of two or three, Rays not distinetly

vizible withaut a lans.

a4, Numerous continuons, fine, light-colored,
tnngential lines {parenchyma) independ-
ent of the pores in esch wnnual ring
plainly wvisible under a lens, Sapwoaod
wide; heartwood reddizh brown, Weood
very heavy.
dy. Pores decreasing in size abruptly

from springwood to summerwood.

THE TRUE HICKORIES, page 17,

by Pores decreasing in size more or less
sradunlly from springwood to sum-

mervwood.,
PECAN, page 17.

B, No fine lines of pavenchyma visible ex-
cepd oecasional short projections of par-
enchyma from the outermost pores of the
summerwond.  Sapwood narvow; heart-
wood grayish brown, Wood moderalely

heavy,

41
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BLACIK ABH, page 15

I Dhiffusepoross wods; that is, the pores are

42

of abont uniform size and evenly distrib-
uted thronghout each annual ring, or if they
sre slightly lavger amd mere nomerons in
the springweod they gradnally decrense in
size and number toward the outer edge of
the rimg.

1. Pores comparatively lavge and censpicnoug,
plainly vizible withont o lens,
&, Henrtvood dark choeolate brown, Pores

nanally eontain tyloses. Wood heavy.

BLACK WALKU'T, poge 17,

i Heartwond reddizh brown, Many pores
purtly filled with dark amber-esloved
g Wooil moderately henvy to heavy,
. Fine, light-colored, eontinuons tan-

gential linea varying Trom one thirty-
second o one-half ineh apart, proeb-
ably borders of anmnal rings, plainly
vizible without 1 lens,

HJ‘I.I'.I ﬂlﬂ' A ‘.'f?! lll'l,“nl'E! ]_T.

by, No fine, light-eoloved, tangentinl lines
present, althangh lighter coloved zones
witheut shurp boundaries may be pres.
ent,

EKHAYA, or “AFRICAN MAHOGARY

ae 10,

2, Poves not. plainly visible withont a lens
(although barely wvisible wnder favorable
conditions in bivel and cottonwoeod},
¢, Largest rays fully twice as wide as the

largest peres; visible on the radial aor-

faces as econspienous “falees™  Heart-

woel light reddish brown

iy Practically all vave on transverss and
tungential surfaces broad and appen:
ing erowded; up to theee-sizteenihs
inch wide with the grain on eadial or
tnngential surfaces. Poves evowded,
deereasing little, if any, in size at ex-
treme cuter portion of the ponusl
rings. Wood moderately henvy,

AMERICAN SYCAMORE, page 21,

by, Only part of the rays on transverse
amd  tangential suwrfaces broad, the
others narrower than the largest poves,
therefore net appenring crowded ; up
b one-eight inch wide with the grain

on  radial  or  tangentinl  sorfaces,
Pores crowded in springwood, de-
erenging in gize and nomber in the
outer portion of the anoal rings,
therely giving rise to o harder and
darlier band of summerwond,  Wood
heavy.

AMERICAN BEECH, page 19,

i, Largest vays about ns wide ng, or slightly

wider than, the lnrmest pores,
iy Heartwood deepr veddish brown. Sop-
wood nenally less than 134 inches wide,
Paores slightly decreasing in size from
inner to opter portion of ench annoal
ring, thereby defining the annnal
rings, Rays conspicuous an the radial
surface, hut notb davker than the s
rounding woodl,  Wood moderately

heavy.

BLACEK CHERRY, poge 21

&y Hesrtwosd  light  reddish  brown.
Bapwood vsually severn] inehes wide,
Pores of aniform size throughout the
nnnual ving.  The rvings defined by
thin  veddish-brown  layer, usually
eonspicuons alse on longitudinal sor
faees,  The rays conspionons on the
radinl surface as reddish-brown flakes
one  thivty-second  to  one-sixleentl
inely wide with the geain,

g, Wond ]luﬂl'_'r', difficuli: to ol across
the grain with & lkhife. Only part
of the rays broad, the others very
fine, barely wvisible with o lens.
Fith flecks vavely present.

BLACK MAPLE, page 235
SUGAR MADPLE, page 235,

b Wood  modeately  heavy, fairly
easy to out across the grin with
a lnife. Practically all the rays
broad, hut not 20 broad as in sugar
maple, therefore not 50 prominent
bt giving 1he appenrance of being
maore numerons,  Pith fleclks eom-
.

RED MAPLE, page 24

SILVER MAPLE, page 25

. Heartwood  yellowish or  browunish,
with greenish tinge, sometimes pur-
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plish but never vedelish beown, Wosod
moderately heavy.

SOUTHERN MAGNOLIA, page 26,

e. Largest raya navreower than the largest

s,

@y, Pores comparatively large under a
lens, and harely visible without o lens
under  conditions of  good  Tight;
visible without s lens on o =smooth
longitudinal surface as fne grooves,

as Heartweod  brown or reddish
brown ; without characteriatic odor,
. Wond heavy to very heavy,

SWERET BIRCTH, pame 223,
YELLOW BIRCH, page 25,

By, Wood moderntely heavy.
ALASKA BIRCH, page 25,
PAPER BIRCTH, page 23,

b, Hemrtwood grayish white: with
faint but chorvacteristic odor when
waorlked. Wood light to moderately
lighit,

COTTORNWOOD, page 27,

fy. Pores very amall, not visible without

a lena.

g Heartwood  reddish brown, often
figured  with  irregular  darker
strealis ; sapwood white er pinkish,
Wood  moderately  heavy: greain
usnally interlocked.

SWEETGUM, page 24,

By Henptwood vellowish or hrownish,
manally with greenish tinge, some-
times  purplishy,  never  reddizh
brown,  Waood moderately light to
medderataly hesvy, Grain usually
straight,

CUCUMBERTREE, page 27,
YELLOW-POPLATR, page 26,

e Heartwoo] light colaned,
iy, Heartwood creamy white or occa-
gionally  shightly reddish, not
clearly defined from the sapwood,
Larger vays conspicions under
lens; 2 to 10 pore-widihs apart.
Bays edten conspicuons on radial
surfaces a5 flecks (sometines ved-

alish) np bo thees thiety-seconds
ineh wile with the grain,  Wond
light; has foint  odor  when
worked, Grain weually straight.

BASSWOOD, page 27,
By Heartwood light gvay, clearly but

not conspicuously defined from
white sapwond.  Haoys nol con-
spicnong undsr leng, all 1 to 8
pre-widtha apart, Inmns.pinu-
ous on radial surfaces. Wood
light to moderniely heavy; with-
out eharacteristic oder.  Grain
usinally interlocked.

WATER TUPELL, page 27,

SOTTWOOLE

TI, Woed without poves, The fibrona cells {te-
cheuls) very smally practically uniform in
sige exeept in the sommerwood, wheve they
wre navrower vadially ; arvanged threonglhout
11 defivite Fadial rows, BRuys VELY fine,

A Tesin duets present ; visible withoul o lens
an lengitudinal snrfaces as brownish lines,
Ceeasionally pitch pockets, piteh streaks,
and exudations of resin alse present.  Resin-
ons, o piteliy, edor,

L. Individual vesin «lucts very distined on
cross sections under a lens, appearing as
ke openings; pumercns, but normally
weH i pows )

THE PINLS,
e, Sumnerwood  ineonspienons and  only
alightly harder than the springwood
when eut across the grain.  Heartwood

light veddizh or crepmy brown.  Wood
light. to moderately light.

EARTEREN WIHITE PINE, page 32
WESTERN WHITE PINE, page 32
BUGAR PINE, page 32,

B, Bummerwosd conspicuously darker and
havder than the springwood, appesring
as o glistening layer on fransverse or
lengitudinn] surfaces, althoungh nsoally

narrow. Wood moderately light to mod-
erabely heavy,

PONDEROSA PINE, pame 52

43
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RED PINE, page 34,

o, Individual resin duets indistinet on cross
sections under o lens, appearing as whitish
spechs; not numerous, frequently in tan-
mential rows of two or more,

i, Heprtwood veddish or yellowish; with
characteristle slightly  resinous odor
different from pine.  Wood moderately
light to moderately heavy,

DOUGLAS-FIR, page 34,

b, Heartwood moderately dark brown or
reddish brown, much darleer than sep-
wood;  odorless. Wood  moderstely
heavy.

WESTEREN LARCH, page 34

. Heartwood pale reddizh brown, slizhtly

darker than sapwood; odorless, Wood

moderately light.
BITEA SPRUCE, page 35,

d. Heartwood almest white, same color as
supwond ; odorless,  Wood moderately
light.

RED SPRUCE, page 35,
WHITE SPRUCE, page 35,
B. Resin duocts, pitch pockets, pitch streaks, and

exudations of resin normally absent.

1, Oulor of dry wood distinetive.

, . Heartwood light canary wyellow., Odor

not spicy or avomatic, somewhat dis-
agreeable. Wood mederately heavy.
ALASKA TELLOW-CEDAR, page 20,
5. Heartwood pale brown, not reddish,
#. Odor pungently spicy, Heartwood
not much darker than sapwood
Wood maoderately light.

PORT ORFORD WIHITE-CEDAR, page 29,

by. Odor mildly aromatic, not pungent.
Heartwoeod  distinetly  darker than
gapwood. Wood very light.

NORTHERN WHITE-CEDAR, page 30,

. Heartwood moderately light to dark
brown or reddish brown,

iy, Heprtwood with bitter toete, edor re.

sembling cedar shingles. Wood light.

iz, Bays, a5 seen under a hand lens on

freshly eplit radial surface, light

brown, rarely contaiming ambers
colored specks of resin.  Spring-
wood not firm.  Bapwood usually
less than 1 ineh wide,

WESTERN REDCEDAR, puge S0,

. Ravs, os sren under o hand lens on
freshly split radial surfuee, orange
red with numerous fing wmber-
eloved specks of resin. Spring-
wond firm.  Sapwood unsually over
134 mches wide.

CALIFORNTA INCENSE-CEDAR, page 30,

by Heartwood without characteristic
taste, odor somewhat rancid.  Longi-
tudinal surfaces often feel and appear
waxy, Weight voriable from mod-
erately heavy,
BALDCYPRESS, pure 37,
%, (vlor of dry wood faint, not distinetive—
practically odorless and tasteless. Wood
light to moderately light.
2. Heartwood medium to dack  veddish
brown, snpweod white,
REDWOOTY, page 7,
b No distinetion in color between leart-
wond and sapweod, both pale reddish
browmn.
oy Springwood  white,  swmmerwood
brown with lavender tinge,
PACIFIC SILVER FIR, page 30,
WHITE FIR, pog: 38,
b Bpringwosd and summerweod pale
reddish brown.
i, Heartwood with disagresable ador,
especially when maoist,
CALIFORNIA RED FIR, page 33,
NOBLE FIR, page 30,
b, Heartwood  without disagreeable
odor.

WESTERN HEMLOCK, page 30.
2.2, General Characteristics

220, Srecree Gravers axo User WeeHTS oF
Wi, The specific gravity or unit weight of a
piece of wood based on its weight and volume when
oven dry or at a known meisture content affords o
good index of its strength when free from wealeen.
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ing defects. In any species pieces of low specifie
gravity are almost invariably low in strength prop-
erties for the species.  Consequently specifications
for aircraft lomber and vequivements for impor-
fant parts nclude minimum allowable valoes of
gpecific pravity,  Alse, in order to aveid excep-
tionally heavy pieces wpper limits of specific grav-
ity are included for some species (sec. 2414},
Bince both the weight and volmme (below the
fiber-saturation point) of a piece of wood change
with changes in moisture content, it is necessary

to specify conditions under which the weight and

viline are to be mensured,

For convenience specific gravity vequivements
for wood in aiveraft are based on weight and vol-
ume when oven dry. Bome of the current imsues
of AN gpecifications for aireraft woods give, in
addition to the minimum valnes of specific gravity
an this basis, equivalent values of weight per cubic
foot {ineluding moisture) at several valves of
moisture content in the range of 8 to 16 percent as
alternatives,

Specification AN-W-4a describes three methods
for the determination of specifle gravity basad on
welght and volume when oven dry, Thesa are
desiznated vespectively “Volumetric displace-
ment,” “Linear measurement,” and “Empirieal.”
The firat two depend on obtaining the weight and
volume of pieces of wood after they have been
dried to zers moisture content.  Obviously, they
can be used only on samples and are nel applicable
Lo actual aivplane parts. The “Empirical” method
may be applied to actual parts, or to full-sized
pieces of lumber and iz readily usable for produoe-
tion control. It depends on determining the
weight {in pounds) and the wolume (in enbic
inehes), estimating the moisture content by mols-
tire meter or otherwisze, dividing waight by vol-
ume, and molliplying the result by a factor F
which takes into account the units of weight and
volume employed, the sxpected shrinkage Trem
the eurrent moisture content to gero, and the
weight of moisture included in the pieca. The re-
gult is o computed value of specific gravity hased
on weight and volume when oven dry.  Values
for £ for o number of aiveraft species and for
different values of moisture content are Fiven in
a table included in the specification,

Tabla 24 gives avernge and minimum permis-
sible values of unit weight for the oven-drvy con-
ditien and for 1% percent moisture content to-

gether with values of the change, in unit weizht
aoeompanyiyr o eclhange of 1 percent in moisture
content.!  The averages at 15 peroeut may be used
divectly to compute the avernge weights of wood
parts at that moisture content and with the aid
of values from colunns 11 or 12 the averajm weight
b =ome other molsture content may be computed.
The tabulated wininmm weights may be used to
determine whether or not o piece of material is
nbove the specified winimum weight. The follow-
ing example illustrates this nse:

A spruce gpar 14g by 834 inches by 1714 feet
is found to weigh 17.35 pounds, and the moisture
content indicated by an electric moisture meter is
11 percent. What is the specific gravity of the
gpar based on weight and volume when oven dry?

The waight per cubic foot of the spar at 11 per-
cent moisture conbent i3 :

173'5 - -
LiM526 X 6.5
B T T I

From eolumn 12, table 2-4, the adjusting constant
for 1 pereent ehange of meigture content for spruce
iz 0.120. 0120%11=142. This value deducted
Fronm 2445 (the weight per cubic foot at 11 percent
moisture content) equals 25.11 poundz per cobie
foot om an oven-dry basis. From table 2-5, 2311
pounds per cubie foot equals a specific gravity
of 0,371, This is the specific gravity of the gpar
based on its weight and volume when oven dry.
Obviougly alzo the data of table 24 ean be used
to establish schedoles of minimum  aseceptable
weighta of parts having known volumes and meis-
ture content. For example, the vequired weight
of a apar of noble fir at 15 percent moisture con-
tent i3 289 pounds per eubie foot {table 2—£, col-
umn 103}, If u spar of this epecies has a volume of
(L7110 cubic foot and weigha 1885 pounds at 11
percent moisture contant, what will be its weight
per cubic foot at 18 percent moisture content?
Then the weight of the spar per cubic foot is

%‘; or 2378 b,

=445 Th, per en. fi.

e yalees in talile 2—4, celimis 4 and o & to 12 inclusive,
wore fderived from the avernpes In oddemne 2 aod 3 amd the
minleim givon in colomm 5 hy the stepa indlented In the fast-
mofes to Ehe tehle,  Velues of minimom permisible weights per
eiphic fool ol 16 peresnt medsture eontent dm thiz dable de oot
agrees cxncfly with thess in the sovernl AW speelfentions for air-
eraft woeods and compotntions made (rom his tshls may disngres
allgitly with theas that may be made lrom table 1 of AN Spes-
fication  AM-W-da. In gemeral. the discrepomecles are mol
glgnificant.  Ther nre dun to slight Flerencis o the assamptions
oe wikich the seversl sets of anderlying computations gre based,

45
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From columnn 12, tnble 24, the constant for ad-
justing weight per enbie foot for noble fir 1= 0.005
per 1 percent moisture,  To adjost the weight
Trom 11 percent moisture contend Lo 15 pereent
meisture content add (420085 or 188 to 23.73
pounds per cubie foot.  This equels 2811 pounds
per cnbic foob ot 15 percent moisture eontent,
Thevefore, thiz spar is nceeptable sinee the mini-
mum weight at 16 pereent moisture eontent 1= 25,9
prounds jrer enlie foot,

The weight of the spar af any other moistore
content may be obtained in o simila manner,

2200, Flotation method. A vopid method of
-:IE:I.‘ermmp; the specific gravity or the unit we]ght
consists of determining the propovtion of a piece
of wood with parallel sides and squarve ends that
is submerged when it is floated in water with the
longer dimension vertical o nearly so. That is
illustrated by fignre 244, The piece is eavefully
lowered into a contpiver of woter until it flonts
freely and then quickly removed =o that waler
is mot abaorbed,  Alse the water level is marloed
on the sumple before the wetted length s exe
tended by capillary action, The average wetted
lemgeh is measured, and this, divided by the total
length, gives the specific gravity diveetly of oven-
dry samples. With a.nmp]r-:. of lmown moistare
content below the fiber-saturation point the values
obinined by the flobntion method may be converted
to mrams per enbic centimeter or weight per eubic
food ab 15 pereent molsture eontent, or to similar
viloes on an oven-dry bazis or to any desived

noistnre content for comparison by use of the con-
stanis from table 2-4, eolumns 11 and 12,

For example, if the wetted length of o speeimen
of sweet or yellow bivch having o meistiore con-
pent of 12 percent is six-tenths of its total length,
the grams per cubie ceantimeter valoe is 0680, To
egnvert this to specific gravity on an oven-dry
weight and velume basis, multiply 0.00140 {the
adjusting constant for sweet snd yellow birch
rom table 2-4% by 12 and subtract the produvet,
O0L0E from G0, This gives o specific ravity
on the basis of wetght and volume when oven-drey
af 0.0 manus 0017, or 0588,

For the sume snmple to adjnst the value of grams
per eulie centimeter at 12 percent moisture con-
tent to grams [ enbic centimeter at b percent
moisture content, add S 000040, o 00042, fo
(G0 (geam per cenbic eentimeter st 12 peecent
moistnre content) which equals 0804 zram per
cubie centimeter ot 16 pereent moisture,

With epvefol manipulation the Aotation method
has been found to give resulis aceurate to abont
001 graam per cobie centimeter. T a lavge pro-
portion ef the sarface i3 el gran, as, for ex-
amiple, inow seetion 1omeh by 1 ineh extending
peross the width of o boaed, speed s essential io
making the immerston and marking the waler
line in ovder to avoid evror from the absorption
of water,

The use of the flotation method may be Fucili-
tubec by estimating values divect]y Trom specimens
marked in 10 equal units of length or by comparing

4Bk
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Figwre 2-445, Filodation sicdhod of deformdnipg  specife
grocidit de wndl aecdghd,  The operatioon ivay be capodited
wivd the noowreoy enharced OF e peeeel is Fllad (0 oner-
Rotcing aed fhe feeler line wmavked on fthe zpopimen
fradpediniely after mmereion,

them with & seale of equal length a0 marked. For
determining the acceptability of material the
required immersion depth may be marlked on
specinens before fest.

2001, Speeifie gravity of wencer. A rapid
methoed of determining the specific gravity of
veneer has been developed. A sample of veneer
ir aceurately cut with an ordinary paper trimmer
to 100 square cenlimeters (100 by 1040 centi-
meters) or B0 square centimeters [7.07 by 7.0V
centimeters] depending upon itz thiclness, The
thickness of the veneer iz mensured by a microm-
eter fo 0.001 meh.  The venesr i then attached
to o sensitive spring of the type vged in a Jolly
balamee, and a chart is read divectly in specific
gravity for the given thiclkness of veneer em-
ploved. Parallel readings for allowable tolers
ances of thickness are included. The specific grav-
ity of the eample at the ewrrent moisture content
iz read divestly from the chart.  If the venesr is
oven dry, the specific grovity will thus be read
directly from the chart. For veneer at o moistore
content below the fiber-saturation point, o simple
conversion from corvent specific gravity to an
oven-dry weight and oven-dry volume basis may
b made by zobivacting the product of a constant
wnel the percent of moistore. Bueh constanis for
each species and for groups of species are given
in table 24, eoliunn 11,

The equipiment required consists of (1) a paper
trimmer with adjostable stop to ent the venesr
samples to exnct sige; (2) o micrometer caliper
o mensorve veneer thickness; (3] o gage, congiat-
ing of a steel plate, vzed to sef the trimuner stop
for entting samples of the desired surfnee area,
(A mile graduated to 001 inch or to 002 centi-
meters may be nsed in the absence of a prepared
steel plate gage. Cuot veneer sample at o alight
angle to the grain vging a womd block to hold the
veneer flat.); (4] o sensitive helieal speing, of
the type weed in a Jolly balanes, having an elan-
gation of aboul 5 centimeters per gram within
norange of abont 8 grams; (5) a sbrong piece of
thread, one el of which iz tied to the spring,
and the other end to a paper clip used to attach
the veneer samples Lo the thread. The thread
carries an indicator, which should be cheeked fre-
quently at zevo chart reading,  The indicator may
ke a harizontul line on o small plece of paper fast-
i toEhe thead through two holes so that it can
b sbidl tpp ov downs (6) a auitable support Trom
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Figire 2=45. Delormining the specdfio grevity of sewecr.
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which the spring con be suspended, and upon
which the specific gravity chart may be Tastened
in suel o way that it may slide sideways bacls of
the thread supporting the specimen.  The spring
and chart may be snspended by means of serew-
eves driven into o wall, in which event the i-
waeter of the serew-eve should be slightly larger
than that of the spring. Where a wall 15 not avail-
able, the serew-vyes may be driven into the sur-
face of a flot Doand Tebd vertieally (Ag. 245}
(7% o Begrmam weight, to be used in adjosting the
elongation of the spring to the specific gravity
chart; and (8} a specific praviey chavt deawn
according to directions given in the following
dlisen=sion,

T'o construct a specific gravity chart for use m
this method, fivst God experimentally, from the
weight range permissible within the elastic limit
of the helien] gpring deseribed, the (hicknesses of
veneer admissible for specimens of a given surface
fei,

Dvaw o horizontal line across the top of o sheet
of paper and divide this ine into equal spaces of
about one-half inch, the dividing point betveen
the spaces to reprezent thickness of veneer by
QL -ineh classes; for example, 0068, 0038, 0040,
et From each point on the horizontal Tine a
vertical lne ab right angles to the zere line is ex-
temded] downward,  On ihe vertionl Tine nearst
the right hand edge of the sheet establish o weight
seale by suspending p S-groon welght from the
apring and determining the elongation of the
gpring, This distance should bo marled on the
chart from the zere line downmward and will serve
at b times in aynchronizing the spring and the
chart, On the same line estoblish o maximom
gpecific gravity valne Tor the chaet by compating
the volume of a sample of the thiclness designared
for that line and assuming a weight slightly above
the maximom of the raoge desived amd within
the elastic limit of the spring. Compute the
gpacific grovity of the thesretical specimen and
leate thiz point on the vertieal line,  Tnterme-
diate specify gravity readings for veneer of the
same thiclnmess may be provided by dividing the
verticnl line it equal parcts from the zero line
downward, ench division representing n specific
gravity interval of 001 inch. For convenience
i commpleting the chart the thickness seale at the
top may be extended to the left bevond the elart
to a mero point,  With this point as one reference
andl ench of the specific gravity points on the right

hiend line n= o guide, slanting lnes muy be drawn
i turp across the edber vertionl Tines of the chaot,
thus supplying means of reading the specific
gravity for each thickness of veneer indicated by
the vertical lines on the chare (fig. 20,

Adjust the elongation of the spring to the
gpecific gravity chart by intereepting the correct
snspension point of the spring.  This point can
b found experimentally as follows: place the
emall end of the spring through the supporvting -
serew-eve (or other snpport) and insert a thin
gtrip of metal (an old wmasr hlade will serve) over
the serew-eye and into a coil near the extremity
of the spring. With the paper clip in place, set
the sevo line of the weight scale (shown on the
right side of the specific gravity chart) inder the
indicntor,  Fasten the f-rram weight to the paper
elip andl note where the indicator falla on the
waeight genle. TT the indicator is earvied pask
the S-gram mark, remove the bogram weight and
shorten the effective length of the spring by inter-
cepling it farther down with the metal strip. Re-
sot the ndicator on zero and sgain note the dis-
placement made by the S-gram weight. Repest
this procedure nntil the weight displices the
spring just the vight smount to bring the indiea-
ton Froan the zero paint to the G-gram line,

It iz o good plan to insure agninst the spring
being everlopded by placing o smaller acrew-wye
undar the spring at the point Beyond which it
ghonld not be steatehed. I the suspension thread
i then passed through this screw-eye, the spring
will not be elongated beyond this point.

The procedore for detevmining the specific
gravity of veneer is as follows: (1) Set the paper-
trimomer stops with the steel plate gage and eut dhe
veneer sample to size.  (Samples will have o
squarg anrface.  Use 100-square-centimeter spin-
ples for veneers of aversge density and of thin
to medivm thickness: wza M-square-centimeter
samples for henvy woods o thick venesrs, Thas
preecpution s taken to prevent everloading of the
eelien] spreing) (21 Obtain the avernge thick-
nes= of the sample with the micrometer, select the
proper thickness line on the speeific gravity chart,
and adjn=t the chart =0 that the selected line is
back of the vertical thremd; (&) adjust the mero
ling of the chart to the indicator on the thread;
(4 atinch the veneer sample to the paper olip on
the thread and vead the speeific gravity as regis-
tered by the indieator on the thread {(fig 2-45).
(When the sample is 30 sguare centimeters in

a1



Downloaded from http://www.everyspec.com

aurface aren, the specific gravity readimg will have
o B o liplied By 2.} If the sunple is oven diy,
the specific gravity of o 100-square-centimeter
sample 15 thus obtainmd without comyputation
(3) 1if the sumple 15 not oven dry, correct the
specilic grovity From current volume mnd meistare
content below fiber-satnration point to an oven-
dry bogiz by uee of the constants appearing in the
tuble 2, column 11, For approximate voloes
the constant may be ronnded to the nearest digit
i the third decimal place, us 0001, 0,002, and
(b, (W,

To use the chart for venesr in thicknesses of
(014 to 0021 inch, sogpend o sample 100 square
centimeders in surface avea on the line of the chart
representing twice its actual thickness, and double
the rending o obtain the correct specific gravity.
To use the chart for veneer in thicknesses of 0,056
to 0.08G inch, suspend o sample 50 sguore centi-
meters in surface avea on the line representing
half its thickness, nnd vead speeific gravity di-
rectly from the chart.

In some inspections, the ehject iz to ascertain

that the specific gravity of the wood selected does
not fall below a certain point, and it is not the
actual determinntion of the sperific gravicy of
ench sample that s songht.  In these instances, it
is prgible to shorten still further the mspection
procedore, as follows ; Fivet, cut the veneer snmple
to size,  Then, from the specifications determine
the maximum thickness to be dealt with in the
toleranee ronge of the veneer samples to be tested,
Set the thickness seale of the specific gravity cheet
for this thickness back of the thread and note the
passing murk least passing specific gravity mark,
corrected for moisture content when necesgary)
on the chart.  Asswme that all pieces registering
win equal or sreater value than this are aceepiable,
The pieces that do not pull the indicator down to
the passing mark may be deficient in thickness
e, after being calipeved, they still mey be accept.
able if they rveach the passing wark for their
parvticnlar thickness, This leaves only a fraction
of the total nomber of pieces Lo be enlipered, thus
suving time in inspection,

2202, Toneersion eguivedents,  Tables 2-5 and

Table 2-8. Specific Gravily Values and Correspondieg Pounds per Cabic Foo!
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Tabe #=7.  Coparssan Pastors for frems per Cubic Condsimeter and Pownda per Cubic Poo
Cidwen : Toget—
e S o i —
Girames pes | Pouads per
[ | . 1.
Multiply by | Multigly by
Wiight in groms I R W2 4
Volume in eubde contimeters
Weight in pounds | R ([
Volume o cabie foet |
Weighl in pounds [, a1 i
Lonigth i Feed = width in inchesC thickness in inchas
Wright It pounds e o o7 5 1788
Volume in euble inches
Welght in ounces . e 173 ind
Valume In gubin inckes
Weight in grams e L 1 8t

Volume in cubi inches

24 List equivabents between pounds per cubie foot
sl grams por cubie centimeter or specific gravicy
that will be wvzeful when conversion between thess
nmits is desivel,

Meang of arriving at grams per enbic eentimeter
or pounds per cubie foot by the use of different
units of weight and measurement ave given in
table 2-7.

2208, Decimal Eguivalents of Frastions of an
Taah,

Lo =010 Thy=0.5020
== 190 M=
Hg= 1ETS U= 8978
= 25 W= 5
o= 3125 Vig= K125
K= B3T3 Th= HTH
The= AUT5 Wgp= 03T
= 5

2204, Weights of Wood Members. The weight
per fool of length of o wember having parallel
sitles may be computed ns follows:

Example. To find the weight per 1 fool of
length of o spar 134 by 555 inches in cross section
having o moisture content of 12 percent.

L The volume of 1 foot of length=

LA 05 1= 0,058 cu. i,

&, From table %1 ihe avernge weight of
spruce al 1% percent molsture content =
7.2 ponnds per cabic foot.

A Adjost pounds per cubic fool to the mois-
ture content of the spar by wse of the
conatant (L1290 from table 24 for each 1
peveent change in moisture from 15 per-
celil,

4. At 19 percent mojgture content, L eubic foat
of the spar=2T.8=3=0120=2684, or 1
foot of length of the spar=26.84 > 0,0586
= 14T pounds per foot of length.

221, Mowstore CoNTENT.

2,210, Meoisture Contend of Freen Lumber. In
living trees, supwood geuerally contains more
water than heartwood. This is particalarly true
of the conifers, in the sapwood of which there is
often considerably more water than in the heart-
wood, Ul the other hand, i wmany of the havd-
woodls Hie moisture content of henrtwood and sop-
woodl i3 more uniform—a condition which also
applies to some of Lhe softwoods.

Bath sapwond and beartwood frequently contain
more woisture wt the bage of the tvee than higher
np, but whether the upper pact or butt of a tree
eonbaing more moisture per average unit volmme
for the entive eross section depends upon the spe-
cies amd comditions onder which the tree grew,
Trees with moeh move moisture in the sapawond
may contain move waber in proportion to their
volume it the top logs because Lhese genevally von-
tain a larger puroportion of sapwosd.  Chi the other
hand, trees in which the moistore distribution is
roore neavly uniform as a rnle contain more water
prer unit volume or weight in the butt logs,  Green
butt logs of sugar pine. western larch, redwond,
anul western redeedar often sink in water, although
the upper logs float,

It iz & conumon belief (hat trees contain more
moisture during the growing senson, when the sup
iz anid to ke Fup,” than tn the fall and winter when
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the sup = =aid to be “down,”  This belief has no
foundation in foel.  Testz made in the United
States and Canada show that teees cut in the
winter contain fully as much water as trees oot
i the snmmer,. Tests made in the tropies mdicate
s el or more maoistnee in trees before the miny
seson than immediately after the rainy season.

The snpwoed of living trees often contains more
i 100 peveent of moistuve, snd trees have been
fome in which the moisture content was over 300
peveent of the dey weight.  In soch cages the cell
walls are fully saturated, and the eell cavities are
almost filled with water, Tn the heavtvwoml of
sonne green collifers the moisture content is ag low
ag 3 pareent,

Thers i 0 maximumn amonnt of moeistare which
wond of any specific gravity can hold,  For ex-
anmiple, if o piece of wood eould lave o specific
gravity of 10 {aetaally snel weod does not exist)
it wonld contain ne aiv space ol would be all
woodl aubstance so that there eould be no room
for moisture; 4 piece of wood with a specific
mravily  {based on oven-dry weight and green
volume) of 040 could hold o maximuum of 185
percent moistare, based on the dry weight of the
wanil,

The moisture content of senzoned wood is de-
pendent upon the humidity and tempernture of
the snevonnding air as disonssed under “Seasoning
aiil Stovage of Liomber™ {=ee, 507,

23211, Medafure condent defermination. Twao
methods of ]]'L:ﬂ-[iLLR micksture content determing-
tious for wood arve recogmized : (1) by determina-
tion based wpon the drving of o sample in an oven
and {2 by means of electrie moistore metors,
They are not mterchangeable, but they do comple-
et one another, sinee each has o distinet field of
naglnloess not sovered by the other,

An necurate determination of the meisture con-
tent of o test section of wood can be made by the
oven-dry method, regardless of original mostore
content, meisture distribution, size, species, den-
sity, or temperature of the stock being tested. O
the ather hand, it means eniting into and enusing
wagte of o part of the original board or plank and
24 hours or more for dryving belfove the moistore
eontent can be determined.  Sinee the moisture
content will vary betwesn pieces in a given log or
shipment, o number of tests by either method most
ba made te oblain an average. Such an avernge
can be in error Lo whatever sxtent the tests mode
did not fally vepresent the total lot.  Intelligent
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selpetion of test pleces and o suitable nomber of
anmples will mininize such ervor,

242110, Geensfey moethed, The moisture con-
tent of weonod by the oven-dey methad is determingd
as follows

—

o Belect o representative sample of  the

maberial.

Tmedintely after sawing, remove all loose

aplinters nnd weigh the sample,

%, ot smnple inoan ooven wmaintained ai
temperaliure of 2127 1o 221° F, {1H° o
Wa® G oand dry until constant weight
is attained.

4. Reweigh the sample to abtain the oven-dry
welght,

5. Divide the loss in weight by the oven-ilry

« weight and multiply the vesule by 100 i

oot the peveentage of moisture in tlhe org-
inal swaple. Thns,

[

Percentame moisture= %ﬂ 101,
where
W=ariginnl weight as found nnder
2 abwve,
D =nven-dry weight as founmd nnder
4 abaove,

First siep: If possible, the sample shonld be
taken nt least 2 fest Trom one end of the plece
Waood gives off o tales on moisture move rapidly
from the end grain than from side graing a5 a
vesnle, there may be considerable differenes be-
tvreen the meistire content at the end and else-
where in o stick, Foy this venson, a snmple from
within about a foot of the end of a long bowed
may not be representalive.

Short pieees of wood diy ont mueh wore rapidly
than longer ones.  In order to reduce the time
vequired for deying, thevefore, the fength of the
samiple in the direction of the grain should usnally
be about 1 inch,  With material 1 square inch or
less in cross-seetional area, however, o saniple more
thin 1 neh long s generally desivable, and the
length i this case may be chosen g0 as to mive the
anmple a volume of 2 or more cabie inclies.  The
other dimengions moy be equal to the eross seetion
af the board from which the sample is talen.

Hevond wtep: Tt iz important that the weight be
tnken mmediately after the sample is ont, for the
material 12 snbject to moisture changes on expos-
ure to the ajr. The degree and rapidity of
changes are dependent on the moisture content of
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the piece and the air conditions to which it is
X,

In order to insure good vesults, the weights
ghould he correct to within al least one-half of 1
pereent.

The metrie svstam of weights is very conveni-
et in making moisture determinations.

The kind of scales to be used and the size of
amallest graduation necessary to insure the speci-
fied securaey will depend on the weight, nnd con
sequently the size, of the sample and kind of
wood.  Small spring postal scales reading to one-
half ounee are not suitable for accurate weighing
of mmall moisture samples,

Thind step: When placed in the oven for dry-
ing, the saonples should be open-piled to allow
free nocess of air to each piece.  The oven should
lave =ome ventilation, thos allowing the evapor-
wted molstore o eseape, A Lhermometer should
b provided by which the temperature can be as-
cortnine] ab any time.  Excessive temnperstures
or exeessive periods in the deying oven will cange
distillation of the wood, aml erroneons resnlts
will be obtained.  Ordinarily, in the case of low-
density woods, 12 honrs® oven deying is suflicient,
while high-dengity woods may vequive 45 hours
oven drying.

Fourth step: As in the case of the first weight
talean, it is ezzontial that the snmple be weighed
inunadintely after being removed from the oven.

Fifth wtep: A typical example of the computa-
tion neeessary for determining the pereentage of
st e is:

A2 by 2 by T-ineh sample of sic-dey Sitka
apriee weighed 308 groms, The sunple after
oven-drying weighed 275 orama, Find the mois-
tove content of the sample,

— TR 3
Peveentume mr}isll.m:.—{;l;l-i,?%m 140 ‘—i,?%: 14

221110, Fleotrie moisturs meters. Electric meis-
ture meters give an instantaneous moisture con-
temt reading, based on the effect of the molsture
an the electrical registanee or capactty of the piece.
The values are affectad by o number of factors,
such ns density, species, temperatnrs, moistore dis-
tribution, and thickness of material.  The presemee
of glue or paint may aect the acewency. Many
moisture meters are limited to readings covering
o mgiature-content range between 7 and 256 percent.

Moisture meters will not sntiafactorily serve in
place of kiln snmples used in dey kilus for guid-

ance of kiln opemtion. However, the work of an
ingpector charged with the control of moisture in
wood may be greatly facilitated and the value of
his judgment enhapeed by the use of electrical
moisture-indiesting instruments.  These nsto-
ments give nstantaneons readings and are sulfi-
ciently aceorate for the control of moistnre con-
tent of materinls being processed, or purchased
under mobsture content specifications. Since snel
materials nve generally of a single species, the nec-
essa Y corrections can be made for species and for
temperatures, appreximately between 30% and 1007
F., thus preatly simplifying the procedure. Ocen-
sional eheck veadings should be made against
stocl of the same shipments and species where the
moteture content has been determined by the even-
dry method, Snch elpck readings should prefer-
ably be mnde before cotting on the sme seetion
nael to determine mosture content. by the oven-
dry method. It is not o be expected that the
moisture-meter readings will agree absolutely in
ench cage with the oven-dry determination. When
differences oceur, the oven-drying tests should ba
resorted Lo and should iake precedence over the
meter readings,

The following example indicates hiow g meistiore
meter might be used: A given lot of airplane
gprniee 15 to be taken from the stovage piles into
the ent-up room. The specifieation Timits the
meisture content to a vange of 114 percent above
al below the average and states the average ne-
ceptable, Cwven-dry tests are made of a nome-
ber of pieces, and moisture-meter tests are made
om thee some pieces. The fivst test may indicate
a moisture content af O pereent, and the meter may
indicabe 10 percent after corvections for species
and density have been made.  I0 mny bBe assuned
that all ether material of the same species, density,
pnd madsture content wonld give the same veading
om the meter,  The inspector mny covrect. for the
diffevence between the two methods of moisture
fletermination sl continoe with the meter wmethod
o ehecls as many pieces s are necessary, even all
pleces under some conditions, diseneding all ma-
terind thot did not fall wichin the acceptable vange,
ATl material not aceeptalile could be retavnel to
the stormme shed Tor further conditioning.  Mois-
tnre meters would be valuable alag in eheclking the
moisture content of air-doy stock befors shipment
fream the will. .

The electrical-registance Lype is geneeally sop-
plied with o vange of measurement of T to 25 per-
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pent, althougl some meters have special seales
extending to about 60 pereent, Measorement made
within the higher range are not, however, so ac-
enrnte ae these made ot from 7 to 25 percent,
Fortunately, most mensirements needid me be
tween T and 25 pereent, and the higher range is
nsed only in special eases,

Measvwrements of electrical vesistance with a
pottable meter beeome very difiienlt to make at
moisture content. values below T peveent becpuse
of the high eleetrien] vesistance of dry wood. The
ploectricnl resistance of wood varies with species
andl temperntores, and eorrections should be ap-
plied for these variables,

Tustrmments which measure the electrical ea.
pacity of woorl may also be nsed for determining
varintions in woisture content.  In this case, o
high frequency feld is created by the instromment
adjncent to the electvode,  Mpterinls intraduced
inio this electrieal feld absork energy and affect
the flow of corrent in the cirenit. This chonge
is sl by nometer whicl may eontain a ealiben
tion for a single species, or an avbitravy seale way
b msad which ean be converted ot moisture con-
tent reidlings from tnbles suprplied by the manu
facturer.  Varintions in the density of the wood
wlfeet the accuvacy of the eapucity-Cype inatro-
ment, s that the instrument. should not be used
indiseriminately on species of uuknown ealibra-
tiom.

The following conditions should be obzerved in
making moisture content tests electrically

{1} Follow the written instructions of the
manofacturer of the meisgtnre meter.

{2} Apply corvections for species, temper-
tupe, ar density when neeessary,

(5) Measuremenis should be made af severn]
points on the faces of the boards,

{4) No measurements shonld be made an the
oned of Tomber,

(50 Moisture content values should not be
nssmmed wlen calibrations have not heen
izl

{6} Drive neelle points full depth and with
thee enrrent flow parallel to the greain,

(T) Plate electrodes, siuch as on eapacitanee
type meters, should not be veed on rough
lumber.

(8) Mensurements should not be mude on
Tumber which has been sabjected to sur-
Tnee welting, stiel ns rain or fog.

(1) Mensurements ahowve 100°% . op below 30°

S

F.oave pot vecommended beeavse of luck
of satisfactory ftemperatnre-correction
data,

{10) If the needle poinls eause splitting of
veneers, disvegard the readings.

(11) Moistore eontenl measirements with
neadle electrodes on plyweod should be
vegarded as approximate, sinee gloe lines
eonlaining electralytes ave likely to show
motsture-content valoes that are too ligh,

(12) The nse of molEture meters on material
thicker than 1 ineh should be permitied
if comtact points arve driven to a depth
eiual to one-fifth of the thickness of the
mmtervial.

(18} IT » melstuve meter does oot fonetion
properly, it shonld be veturned to the
mannfucturer for recalibration,

.29, Twas per Twom Rings per inch, o s
imverse, the width er thickness of growth vings,
ig o measnre of the rate of dismeter growth of the
tree.  Rings per inch is not in any species o defi-
nite cvitevion of strength,  Bpecifieations for air-
vraft woods inelude requivements for o mindmum
mumber of rings per inch in order to decvense the
probubility of low strength values in coniferous
species and the likelihood of objectionable warp-
ing in either havdwoeods or softwoods and to peo
mote uniformity in the waterial (see. 2.414),
Material below the vegquired minimum specific
greavity and having low strength values is more
likely to be fonnd wmeng pleces of coniferons
species with o nomber of rings per inch below (e
apecified minimmn or, vegnridless of species, nmongs
pieees with an exceptionally lnvge number of rings
per inch.  Rejection of material on the basis of
the nomber of rues per inch I8 somewhat arbi-
travy, Dbecause it does not olweys veflect the
strength of the piece

Trings per inch shonld be measurad at the end of
a piece of wood and inn eadial divection.  Mens-
nrement or connt on g longitidinal surface is ae-
enrate only when the snrface is truly radial or
edge wrnined.

208, Amovxyor SvaarErweon.  The ins)sctor
should not vse the amount of summerwosd as a
gole critevion for aceeptance or rejection ol air-
Plane materinl.

Tu zome gpecies the proportion of snmmeswood
is indicative of the specific gravity and therefore
of the strength, Thisis particularly tene of south-
ern yellew pine and Domglas-fiv, After some
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practice the inspector will ke able, through obssr-
vation of the proportion of summerwood, to form
n fairly good iden of whether any pavtienlar piece
is pomsiderably below, considerably above, or newy
the vesquived specilio gravity,  The preopoetion of
suminerwood, however, i not a sofliciently acen-
rate indicator of strength to permit its use as the
sole criterion for the acceptance or rejection of
aivplane material,  Fov example, o piece of wood
may eontnin o lnrge pereentage of suromeryood
wid glow o good weiglt bt yet may be Brash be-
eanse of such defects ns compression wood, com-
pression failures, and decay.  Also sommerwond
itself way be of varinble density, though such
differences are not ensily recogmded.

224, Bnmwwane or Woon,  Wood, like many
other materials, chrinks as it loses moisture and
ewella ng it absorhs moisiuee.

While womd in its green condition as it comes
froun the tree may sontain water vanging in quai-
tity from 30 to 260 percent, based on the weight
of the oven-dry wood, the vemoval of only the
last 26 or 80 percent of this moisture content hos
the effect of shrinking the wowl on drying oot
andd gince wood o serviee i3 never totally dey, the
pozgible shrinkage effect Lalls within o relatively
narvow range,  Water is held in the wood in twe
dlistinet wavs—imbibed water i the walls of the
wood cells and free water in the eell cavigies
When wood beging to dry, the free water leaves

fivst, followed by the imbibed woter. The fiber-
saturation point is that condition in which all the
free water has been remorved but all the imbibad
water vemaing; Por most woods this paint is be-
tween 20 and 20 percent moisture content,

Wl changes size with moisture content only
below the fiber-saturation point.  Since, in sea-
soning green wood, the surface deies move vapidly
than the interior and reaches the Bber-saturmtion
poit fivst, shrinlage may stavt while the averng
roistnre content 35 considerably above the fiber
saturation peint,  Wood shrinks mest in the
divection of the syal growih vings (tangen-
tially ), above one-half to two-thivds as muoch
across these rings (rudinlly i, and very little, ns
worule, along the zrain (longitndinally ). The
joint effects of radial and tangentinl shrinlage
on the shape of various sections in drying from
the green eondition are ilustrated in figure 246,
When o board 15 exeessively evoss-grained the
lengihwize shrvinkage 18 a combination of cross-
wise nnd Iongitodina] shreinkae, resulting in 2
areafer shortening than would oecor in a strpght-
grained prece,  Shrinkoge iz nsually expressad as
n percentage of the gresn dimensions, which repre-
gent the putural size of the pless.  Table 2-8 mives
the vauge in shrinkage in diffevent divections for
poEt of the connuereindly inportant pative species,

Blhrinleage in drying is proportional to the mois-
ture lost below the fiber-sniuration point.  Ap-

Flpure 240, Bfcels of radinl end daugrebial eheiekore on (ke shape of verions secfions o drpleg from ihe
wreer condition.

ar
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prosimutely one-half the total shrinkage possible
has peeureed in widal seasoned to an aiv-dvy con-
dition (12- to li-percent moisture confent) and
plont threee-fourths in lumber kiln dried to a
moistare content of abont ¥ pereent,  Henee, 3f
woedd s properly seasoned, manufactured, and
installed at o meistare content in second with its
gervice conditions, there s every prospect of sutis-
fuctory performance without sevions changes in
giwe or distortion of section,

In gemeral the heavier species of wood shyink
move aerces the graim than the lighter ones
Henvier pieces also shrink more than lighter pleces
of the snme gpecies, When shrinkage iz more of o
fuctor than havdness or strength, o lghtweight
gpectes should be chosen, When both hardness
o strength and lew shrinlage are very important,
then an exceptional species, such oz black loeost,
shonld ke chosen,

Talle 2-8.  Rauge ée Aweoge Sheinbuge of @ Nuweber af
Nilioe Species of Waod

| From green ta
From proen to | abrdry ssndi-
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|
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Volumetrio. ...

The avernge tangential, radial, and volumeiric
elirinlenges for individual species diied to an aie-
dry, kilu-dry, or oven-dry condition nee given in
tabile 20,

Theovetically the novmal  meistope-content-
shrinlimge relation may be considered o divect one,
from zero shrinlags at the fber-satnration point
to maximum shrinkage at zero moisture content.
Actunlly, however, some shrinkoge takes place he-
fore the pverage moisture content repches the fber-
anturation point and the melationship in honber
aof cmnmereial size 1= somewhat similar to the
enrves in fignee 247, For proctical use, o stenigli
line relation may be nssimed without apprecinble
error,  The eurves vepresent average values, and
the shrinkage of an individual board may, of
canrse, be nbove or below the smeunt indieated.

Changes in moistoee confent in seasoned wood,
shieh qs those cansed by seasonnl varviation in veln-
tive humidity, produce changes in dimension pro-
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Figrre B4, Woisfare ewiifead-shrinbage relatioe in Bithe
spriten dwmber,

portiomal to the moistore-content changes,  For
example, assime that o piece of flat-swwed Sitha
sprnce board at 12 pevcent moistire content loses
& pereent of moisture. The shrinkage enrve
pmarled “tangential™) indicates that from the
green condition te T-percent moisture content, the
shrinkage in width wonld be, approximately, 58
prevcent  anad Lo 12-pereent meistare content, wonld
be 454 percent,  The difference of 1Y percent in-
dicates the shrinkame in widih of the board be-
canse of the S-percent loss in meisture,. These
cutves represent avernge values, and the shrink-
age of an imnlividual board may be below or above
the indieate] amonnt,

2240, Kffects of change of woisture content on
curved wood members, Changes in moistore con-
tent with pecompanying shrinkage or swelling,
canse cieved] wood members (g) to increase o de-
erease in corvature if they ave free to do so, or (5)
to b subjected to intemal stress i they are so
held thet the eorvature cnnnot change,  Thess
phenemens sre perhaps most rendily anderstoosd
by o considerntion of what happens when maoisturs
changes take place in o continwous civeular ring
formed by Jaminating.  When meisturve is lost the
radial dimension, being acrose the grain, tends to
decrense, wheress the inner and outer olrenm-
Terences, being in the direction of the vain, have
only an exiremely small tendeney to shrinle. Con-
seqnent]y, the difference betwean the twa CAFCIT -
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ferences vemnins too great for the decrenzed rulinl
dimension, The result is a tension stress in the
radial direstion (across the grain of the wood),
which tends bo shorton the owter cirennference,
causing compressive atress along it, and at the
same time temwds to lengihen the inner cirewmm-
fevence, cansing tension stress,  Couversely, in-
erense in moisture conlent resnlts in mdial swell-
ing, which eanses mdial compression ; tension, or
stretching, wlong the outer circwmfarenee ; amd
compression along the inner civeumference.

If the radind shrvinkage or swelling is nniform
arciid the eirenlar ring, the atresses mentiomed
almvve will also be oniform argund it and therve will
be no tendency For the shape to change, A ring
that iz other than cireular or that varies in radinl
thiclkness may ke expected to chage shape,

With any type of corved member, other than o
continuons ring formed by two coneentric cireles

and in which the grain runs cireumferentially, s
change in meisture eontent will tend to canse a
change of shape.

Lass of motsture and the aceonpanying shrinle-
age Lends toomalie the vsaal corved piece more
shurply curved and to increase the angle belvween
the ends of the piece. Swelling has the opposite
effect (fig. 248}, In either case, the percentage
chanze of angle in members that are not restrained
g approximoetely e soame as the pereentage
changs in the radial dimension of the pieca. Thus,
if o curved member las a central angle of 100°,
radial shrinkage of 1 pereent will ehange the angle
to 1017 and swelling of 10 percent will change it
Lo fH=, .

These eilects of shrinkage aceount for the com-
o ohaervations of the change of shupe of curved
wioil members.  Ovdinarily, the changes that will
pecn ennnot be pcenrately predieted, and it is con-

ANGLE AFTER SWELLING
ERAFinvAL  ANGLE
AMGEE AFTER SHTNEA E.n‘.',ll

Fignrea 2~48, Chonges dn curved woed moaber coused by sheinkoge aud sieclléng.

ol }T
//

-

Naot drawen fo seake.
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sequently necessary either to make such pieces
oversize and provide for machining at the time of
assembly into o stroctuve or to depend on spring-
ing the member into place,

Sinee shrinkare and swelling ave laast in the di-
rection of the width of an edze-reained face, lami-
nations of o curved laminated member shonld be
flat-grained on their curved faces to make the
member edge-grained on its noneorved faces, a0
that shrinkage and swelling in the direction of the
radiug of the enrve, and the resultant stresses, will
be minimized.

Thus solid stock which has been bent sufficiently
to upset the fibers considerably on the conenve side
hae a stronger tendency to straighten on absorbing
meigture than laminated stock of the same total
radial thickness becanse the upset fibers tend to
struighten out langthwizse on absorption of mois-
ture,

2.3. Defects aond Blemishes

230, Gewenar. A defect iz any irvegularity oo-
eurring in wood that may lower its strength. A
blemish is anything, not necessarily a defect, mar-
ving the appearanee of the woodl.

The following is a disenssion of the nature and
oeearrence of defects and blemishes in aireraft
lumber. Bome of the defects here deseribed are
commoll, wherees others seldom ocenr in aiveralt
lurmber or oceur only in one or twa species, and
are recorded here mainly to afford reference in the
event they are encountered by inspectors, The
extent to which defects and blemishes are permis-
sible in aireraft parts is given in section 2.4,

The frequency with which the move important
defeeis and blemishes occor in nine softwonds
that are in current or progpective use for aireraft
iz shown in table 2-10, which is based on a study
of commercial lnmber made ot a number of repre-
sentative mills. These dada apply to the quality
of lumber from which aircraft stock wonld neces-
sarily be obtained, but most of this quality wounld
fall short of aireraft specificntions becanse of ex-
cessive cross grain or other defects. Defocts
wonld necessarily be relatively small in lwnber
grades of C amwl beiter, but, even so, some wounld
be too large to meet sircraft specifications,

ZA0L. fnots. A lmot s the base of o limb em-
bodded in the tree trunk,  Normally o koot starts
at the pith and increases in dinmeter from the
pith ontward ag long as the limb iz alive, Oe.

&2

casionally, kneds stort ab some distance from the
pith as a result of the development of adventitous
ahoots,

Az longr as a limb vemains alive, its fihers inter-
lace with those of the tree trunk, producing an
intergrown koot (fig, 2-49). Many of the lower
limbe die, however, after o longar or shorter time
a3 a result of shading, or other causes, but they
may not breal off for many yenrs therenfrer
After the denth of a limb, the wood formed in
the tree trank makes no further connection with it
but zrows around i, producing an encased knot,
which may be either loose, so that it will drop out,
or tight, so that it is held in position when the
trunk is sawed into lumber (fig. 2-50). When
lumber dries, the lnotz shrink more than the sur-
roinding wood, therchy becoming checked or
loosened,

Eventually, the dead limb breaks off, the stub
heals over, and the distortion of grain m soe-
measive growth layers becomes less and less with
inerensing diameter of the trunk, until finolly
clenr wood with norroal grain is produced in the
aren coveringe the knnt.

A kned cnt through transversely is known as
o round knot, one cot through obliquely ia lmown
as an oval knot, and ene cot through lengthwise
is kuown as a spike knot {figs, 2—40 and 2-50),
A sound, tight knot i3 aolid across its face, fully
g hard ns the surrounding woed, shows no signs
of decay, and is so fixed by growth or position
that it will firmly vetain its place in the piece.
Only knots of this character are permitted in air-
plane stock.  In the sizes allowed in aireraft stock,
intergrown knots are necezssarily tight and encased
Inots may be tight.

Knots are objectionable on account of the dis-
tortion and, in enensed knots, the discontinuity of
Lhe meain which they produce, thereby wenlening
the wood, cansing irregular shrinkage, and making
the machining more difficult; when loose they are
likely to drop oul ; in resinous species pitch often
exudes move fresly from knots than from the
clear wood ; and in all woods konots usually are
considersd a5 marring the appearanes of the lum-
ber nnless painted.

In measuring o knot, o question frequently
arises as to whether anly the loot itself or the more
or less distorted grain immedintely sureonnding
it should be inebuded in the measurement,  This
distinction i plainly shown in fgure 251, The
knot proper, A, measured three-eighths inch, a2



Downloaded from http://www.everyspec.com

Talde 3-18.  Fregueocy of Defects o Presaed nod Prespeciise direraft Sgifeasds
[Arered on lumber af O and Betdor quality except ps nobed)

Tercmat CRELLR ket
Tpoelen Faln
Fiieh packits | Flish grwades | Tiich Wpmis | Worm et | Bark pockers | ek etreak ﬁm
Eliw Brawn
[ PR o S .
| I . - P
[ | £ Th
i O a7
35 1 f I R
18 ol [
&5 L | I S ——
I8 ] L S
1§ 1 L3 S

| Awprege Far 15 nee] Botber Trdasd Forg b whin fir el © and Beile Sl bs white 3r.
B g Far & Flab® and T Pt no Ooas [ Plakb sisde.



Downloaded from http://www.everyspec.com

1
T
T i
[ &7}
3£

i
i

R a T b

]

i o L R

i .\,...:.-:,_.-.\,...._n-mnu-ﬂﬂﬂ""*..
e

g
x 3 i
AR 3
LR LR

Fer T G

Frigee 240, elergranm roand Sreoly dn yellicen piae,

eompared with three-fonrth inch for the total area,
B, which incloded a survounding zone where the
grain met the surfece at an angle of abont £57.
The method of messurement, therefore, wonld
often determine the ncceplability of the piece.
The correct method is Lo messure only the knot
proper, as at A, beenuse the exact boundaries of
the Tt con be deternmined more acourately as o
rule than the boundaries of the surronmding 457
wood and becaouse admissible knot sies are in-
tended to apply only to the knot itself, TFignre
2461 alao shows o cross section of a knot of equal
gige ng seen on the edge sraing in this view the
change in divection of the rings as they approach
the knot is plainly seen,

20, Tross gredn, Cross grain in wood means
that the fibers nve not parallel with the major nxis
oof the piece,

Cross grain s objectionable when excessive be-
cause it reduces strength, may canse warping in
drying, and makes it difficnlt to surlace wood
smoothly when planing against the grain,

Crogs grain may be either of two major types,
namely, diagonal grain (g 2-52) ov spiral grain
(fig. 2-53), or n eombination of the two,

G

2aEn. Miegonal gradn,  Dingooal groin is de-
viation of the plane of the annonel vings [rom
parallelizng with the longitudinal axis of o plece
of wosd., It is due to snch natural cansis gg evools,
bulges, butt ewell, piteh and bark pockets, blister
grain, some types of curly grain, healing owver of
lnots and injeries, and to fhe common practice
of sewing tapeved logs parallel to the pith instesd
of 1o the barl.

Slope of grain is usnally expressed ng the -
by of units im which a deviation of one unit
poenrs  (The swaller the number of units in
which unit deviation occars, the steeper = the
slope. Thua, 1 in 16 §s o stesper slope than 1
in 18}

For convenience, the glope of grain in the yadial
[rlune, no matter what its canse, is usually spoken
of as diagonal gmin. Since disgonal grain iz
usually move ensily detected than spival geain,
examination should fiest be made for diagonal
prain.  If its glope is steeper than permissible, an
examination for spiral grain need not be made,

2,802, Spivel grain, Due to an unknown enuse,
the fibers in some trees are not vertical bae follow
a spiral course similar to the stripes on o barber
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pole or a stick of enndy,  Spiml grain in pesled
ots, poles, o tees trunls is evidenced by inelined
rather than vertical season ehecls, as in the dead
tree bo the left in figore 2254, The spiral i more
often vight-handsd, as in o vight-liand  sevew
thread, in the tree,  Ovdinavily, the steepness of
the spival decrenses from the bavk bowaerd the pith
of the tree bul this is not univevsally troe.  Also,
the slope of the spiral sometimes fuctuates, sspe-
chally near the butt of (e ties, so that a hloek split
raglinlly will show o ruliled or floted appearance as
in figure 2-55.

Trnly straight-grained lunber connot be pro-
duced from spiral-gimined trees, but with wide

Mat-zsawn boards or cants spwel some distanee
fromm e pith, the slope of the spirnl con ba re-
dueed by proper attention in edging and ripping
sueh pisces into smaller ones. Un the other hand,
falzes ov artificin] spival geain is produced when
sbimight-grmined (imber 15 not cut parallel to the
fibers as seen om the tangential sorface,  Super-
fHeially, 1t has the appeamsnes of natoval spirl
grain and should be similarly regarded. Tt can
somelines be distinguished from oatural spival
grain, however, by the Fact that the slope does not
clinnge fram e side to the other and, tharefore,
when the piece is split radially the split surface
will he dut, whereas in natorally spiral-grained

Figure 2-30, Above; Aw enoiacd koot (hemioek), Below: A epike bl delerpromwn for mogé of itz lengdh (ypeilow
Hinrd,



Downloaded from http://www.everyspec.com

Figurs 2-01, Method of measuring o beod,

weod, the changing direction of the spiral may
cnnse the split surface to be Lwisted.

When spival grain is present, the principal evi-
dence on o radial surface of a plece is the tendency
for the surface to be chipped in planing and for a
splinter rpised by a knife point to run into the
piece instead of tearing out to o uniform depth,

The principal indicators of the fiber divection on
i truly tangential (plain-sawed or fot-grained)
surfnee nre checks, poves, resin ducts (fine, brovna-
ish lines in the pines, sproees, Donglas-fiv, wnd
tamarpek), wood rays [most conspicnous in the
vaks), the epnrse taken by a scribe used as de-
geribed later in this section, the divection in which
i free flowing ink or dye spreads, the course tnken
by & narrow strip ifted by a Jnife point or furn
out, and the surface splits formed when o sharp
pointed tool, such ws oochisel, is pushed into the
piece and subjected to a prying action.

The scribe test consists in drawing a sharply
pointed steel seribe in the divection in which the
grain seems to run.  Enough pressuve must be
applied so that the peint will penetrate the wood
slightly and freedom of lateral movement must
be enough to allow the point to follow the grain,
When properly used, the seribe test i one of the
best methods for determining the direction in
which the grain runs on a surface of a piece of

]

Oply the acfoal dlapeder, A, ia measered
w Enod slaei e oread socifon,

Bodlaie, o board il

wonnl 1F slight seentehing of the surface i3 permis-
sible. Figure 2-66 illustrates four scribes, A, 8,
i, and I, that have been fonnd satisfactory. In
A and & the peint trails abowt § inches behind
the vertieal handle by means of which it is pulled,
which gives it somewhat greater freedem of lateral
movement than can be obtained with ¢ and D%
Seribe A has further advantoges over B in that
the handle iz awiveled ; the paint, which is s phono-
graph or meisture-meter needle, can easily be re-
paced; and the long tapered head on the set
gcrew that holds the phonograph weedle in place
can be nsed to line up the divection in which the
acribe is pulled with the path it has vecently trav-
ersed, Seribes B and o ave stimpler to constroct,
gince they ave made of one piece of drill rod with
one end tapered and hardened. & iz wmere difi-
cult to sharpen properly than ), sines the point
must be o perfect cone In arder to funetion well.
Seribe [ consists of a phonograph needle held in
o mechaniea] pencil. Tt has bean found that the
peints follow the grain best if inelined 10° to 20°
from the vertical toward the direction in which
they are pulled.

In using the seribes it is advantageous to make
one trinl sorateh, pulling the seribe in the direction
in which the grain appears to ron and then making
u second serateh near to the first one by polling the
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Wignre 251, Typiesl breck dr apivolgprsined specimen (Sithe sorees).
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Figwra 3-54. Streight prade ond cighi-land spival iedicoied by diveclion of segfowing checka in dead fres
Fraankes,

Figure 2-35. Lefi-head apiral grain of tveryteg or fectuefing slope fdicafod Dy aplit rediol swefoee,
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Figure 258 Boriter for deferseining dircotion of fhe fbhers gu the surfaoe of wood, A, Swivel-londied qedth
rhoragraph-ieedie poity B, eie-piece deill rod bend fo shape ard poind slichily hovdencd; O, o sfroight plece
af @il rod wilk poird alightly hordesed ; D, meckaricol powell it phonograph-reedle poied,

Figure 257, Tongendiol swrfoce of wood fosted awitk soribes b0 deldrmiine dirccdion of graie.

Nota porai-

tolism of soribe marks i some gregs.

seribe in the direction parallel to the first one un-
less it obviously did not follow the grain. Bands
of summerwood may deflect the seribe from fol-
lowing the true course of the fibers,  Tn thot ease
o number of short ecratches should be made in the
springwood only.

Figure 257 shows a number of seratches made

FO

with three different kinds of scribes, Their ap-
proximate parallelism for ench seribe indicates a
high desree of consistency ond the way they follow
the split, wavy edges of the birch veneer indicates
aceurney in following the true direction of the
grain,

It should be emphasized that the serateches made
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by the scribes follow the divection of the fibers on
the surface and do nol necessarily indizate (e trosa
glope of apiral grain, unless the surface is tangen-
tial or practically so.

DA0EE, Combination of dlogonal and spival
geein. When a plece hag diagonal and spiral
grain in combination, the true slope of the fibers
may be found by the nse of table 2-11 or by com-
putations after expressing the measured slopes to
the same base.  Thus, if the slope of spirml is 1 in
2 {equivalent to 114 in 307, and if that of the
diagonal grain is 1 in 30, the combined slope, or
the true slope of the fiber is ' [155)°+ (1) in 30=
i%—ur 1 in 1635,
The computation of the above example also con be

made by reducing the slopes to decimals {namely,

1 in 20=0.05 and 1 in 30=0033) squaring these
and taking the square root. Thus:

VLOE (0837 = 10025 + .D010B) = 003550 =
.08,
which corresponds to a slope of 1in 1634,

Ta get the troe fiber direction, which i3 the slope
of grain that determines the maximum effect on
the strength properties, it is usually neeessary to
determine the slopes of spiral grain and of disgo-
nal grain separately and to combine them by com-
putation as just described.

28023, Detadled methods for determining slops
of erosg grain. The following detailed methods
for determining eross grain in boards whese origi-
nul surfaces are truly tangential and radial and
in those whose original surfaces ave not truly tan-
mantial and radial, represent some of the less com.
plex methods {fg. 258y, A more complete dis-
cusgion of methods for determining the direction
of grain and mensuring its slope is given in Forest
Produets Taboratory Report No. 1585,

A, Truly flat- (or gquarter-} sawn board, no
cress groin of any kind (A, g, 2-58), Dasorip-
thon,  Annnal rings on radial surface ave parallel
to eidges of piece; fiber direction on tangential sue-
face is parallel to edges.

B. Traly flat- (or quarter-] sawn board, spiral
grain only (&, fiz. 9-58). Deseription.  Annual
rings on radinl surface are parallel to edges of
piece; fiber direction on tangential surface is not
parallel to edges of piece. Wathod of measure-
ment, Draw line oF porallel to fiber direction
irlicators and mensire se and ob. Slope of spiral
grain=ga/ab,

1.5in 30, which is the same as 1 in

. Troly flab- {or quarter-) sawn board, diag-
onnl grain only {7, fiz, 2=58). Dasgription. An-
nual rings on radial surface are not parallel to
edges of piece; fiber direction on tangential surface
s parallel to edge. Woked of messtirement,
Mark line 2% paralle] to annnal rings and measure
o and of, Slope of diagonal grain=sa/ob.

D. Truly flat- (or quarter-) sawn board, both
spiral and diagonal grain (D, fig. 2-58). Daserip-
#tom,  Weither annual rings on radial surface nor
liber divection indicators on tangential surface are
parallel to edses of piece. Wethod of measure-
mend. Diagonal grain, locate line ab parallel to
annual rings, slope of diagonal grain=oe/ek;
sprial mrain, locate ling b parallel to fiber direc-
tiom indientors, slope of spiral grain—eo/ob;
combined glope of grain, (1) locate lines 2a” and
ca’ parallel to ec and oa, respectively, (2) com-
bined slope of geain=oa’fol; or colenlate com-
bined elope of grain from slope of spiral grain amd
glope of diagonal grain as exploined in section
L

E. Board not troly flat- or quarter-sawn, no
cross grain (F, fig, 268). Depeription.  Annual
ringa are parallel, to edges of piece ; fiber direction
mdicalors on Lngential surface {exposed by aplit-
ting or shaving away some of the wood) parallel
to edges of piece,

F. Board not traly flat-"or quarter-sawn, diag-
onal geain only (F, fig, 2-58), Deseription. An-
nual rings nol parallel to edges of piece; fber di-
rection on tangential surface (exposed ns noted
above) is parallel to edges of piece when viewed
at right angles Lo exposed surface. MWethod of
magiuremdnt,  DMagonal grain, (1) select o point
such az & which is either on the edge neavest the
pith or farthest away from the pithy (2} trace
the growth layer from & to ¢ on the end; (1)
thence fram o across the end (which must be squnre
with the leng wlges of the piece) to 4y (4) then
locate point @ on line o, where s is the shortest
distance from « to ed; (3) the slope of diagenal
grain=ga/al. Spiral grain, after having deter-
mined glope of diagonal grain, split or shave pway
wond to expose tangentin] surface and determine
that fiber diveetion indieators are parallel to &b,

3. Board not traly flat- or quarter-sawn, spiral
grain only {7, fig. 2-58), Deseription. Annual
rings ave parullel to edges of board; fiber direc-
tion on tangential surface {exposed ns indicated
above) not parallel to edges of piece. Method
af measwremant,  Spiral grain, cut to expose tan-

7l
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Figure 208 Wesauremont of sloge of groin.

aential snrfoce amd losate line eb on tangeniial
snvfnce, pornllel to fiber divection indieators, slopse
of spival grain=wsa/eb, I permiszible, an alter-
nate methol is to split the wood radially and
measure the slope of gpiral grain divectly, as s
indicated for dingonal grain in & of figure 2-58,
H. Bowrd not traly flat- or quarter-sawn, both
dingonal and spiral grain (K, g 2-58), Deseripe
o, Annual vings net parallel to edges of piece;
fibwer direction on tangentiol surface {as indieated
above) not parallel to edges of piece when viewed

al vight angles to exposed aurface.  Method of
measwiement.,  Disgonal grain, as exploined in
(I') above; spivel grain, (1) after having located
poitit o g deseribed above, expose tangentinl sue-
tace as indicated ahove, (2) locate line S2 parallel
bo fiber direction imwlicatorves, (3) slope of spival
rain=ge/0b; combined slope of grain, {1} after
having exposml tangantinl surface amd located
point ¢ as explained shove, lny a straightedze on
the piecs =o that one edge les along the line ob,
(2} mengure ofr, (3) wmensure oe, (4) combined

73
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slope of grain=os/ob; or determine combined
slope of grain from slope of spiral grain and slope
of dingonnl grain as explained in section 23082,
An alternate methed is to split the wood radially
pnd measure the slope of spiral grain directly.

The deviation of dingonal o spiral grain or a
eombination of the twe from o longitndinal cormer
can also be measured with o divider or ealiper.
The caliper may be gradoated on the inner gide
of one or both legs to vead direetly the slope of
grain for a base line of predetermined length.
Such o caliper is partienlarly advantagecus for
reading the combined slope of grain noress o coc-
ner some distance from the end as in fignre 2-50,
which iz based on the principle that the diangonals
of a rectangle are equal in length, that is the dis-
tance zo in £ fignre 258 iz cqual to a’o. Further
details may be found in Fovest Products Labora-
tory Report No, 102,

i Pt o i -
D 4 w i g e T
LR e £ e _:."J:-'?a;

Figwre 258, DMresl megsuremeont of combinad slope of groin

208, Cheebs, splits, and shakes, A check isa
longitudinal evack in wood, penerslly in the radia)
directinn, or aeross the annnal vings (fiz, 2-80).
Checks are nsually due to uneven shrinkage in
sepsoning,  Thick lomber checks more severely
than thin lunmber, and aireraft veneer is too thin
te be subject to checking,

A aplit is g lengitadinal crack in woeod, It is
caused by rongh handling or ether artificially
induced stress. Typically it exends through the
thickness of a piece from side to gide regardless
of whether the piece is edge-grained or flat-
grained, When splits tale a radial or tingential
course they are net readily distingnizhable from
checks or shakes.  Veneer, because of its greater
fragility, splits mueh more readily than lumber.

A shake is a longitndinal crack in wood between
two annual rings {(fiz. 2-61). Shoakes, unlike
checks and most splits, do not develop in seansoning

by meena of o grafeaied ealipor, weing difforduad

hzae dheg of fhe suane foegih—0 deeker fr fhie oage.
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e B-80. Cheoks tn oo faf-grain bonrd.

or handling but originate in the green timber,
They muy, however, become acesntuated in seaso-
ing. Shales would very seldom be enconntered
in either lumber or veneer approaching aiveraft
quality.

It is obvicus that velatively large checls, splits,
and shalies may seripusly weaken wood members
in resistanee to longitudinal shear, and finiched
parts containing them should be rejected.

204, Pigh feoks. A pith fleck is o narvow
strenk vesembling pith, vsually brown in color

-
i

and up to severs] inches in length, that results
from the burrowing of larvae inte the growing
tissue of the tree. It is a defect of hordwoods
vather than of sofiwoods and is probably most
eommon in basswood, seme species of birch, and
maple, particularly zoflt maple, It varies con-
suderably in difforent boads, from slight traces
to o mumber of large streaks which might have
an appreciable weakening effect, particolarly in
thin material sucl as veneer, Figure 2-62 shows
pith Necks in basswood.

Fignre 38§, Bhake i o Jol-peein hoard,

75
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DA, Canepression feffures. Compression fail-
tres are deformations of the fibers due to exoes-
sive eompression along the grain either in direet
end compression or in bending.  The deformations
range from well-defined buckling of the fibers,
wizible to the unnided eye as weinkles across the
face of the piees (fz 2-63), to slight crinkling
of the fiber walls visible only with o higl-power
microseope,

76

Fignre B-60 Pith fgecks in bussioond,

They muy develop when standing trees are bent
severely by wind or snow, when timber is folled
over irvegularities of the ground, when logs and
gwwed stocl ave ronghly hamdled, or from exces-
sive stresses in gervice awd, possibly, longitudinal
stresges indueed by the growth of the teee.

Compression failures, whether readily apparent
Lo the eye or o fine as to be diffienlt to detect even
with the aid of & microscope, seriously reduce the
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bending strength and shock-resisting onpacity of
vwood, When present on the tension side of o bent
member, they uwsually canse an abropt and eom-
plete fracture acrcae the grain ander relatively
o stresses (fig, 2-00). All maetevinl containinge
compreszion failores, therefore, i= unanitable for
siveraft parts in which strength is of Importanee.

Compression failures ean best be seen 0 woad
s laced that light strikes along the fibers ot an
angle of about 20% with the sorface. A souree
of concentrated light, sueh as a spotlight. i best,
The piece should be viewed at nngles of between
457 and 90° to the grain from the =ids on which
El light is located, Other angles of light and vi-

gion ghonld alse be tried,  When viewed in this
manner, w foilure appenss ns an iveegular Yine
extending across the gram, as shown in fignee
264, A liberal application of earbon tetrachlor-
il om wosurface helps to mals minite compression
fuilures more distinet when presant.

The presence of nperoms minate compression
failures may often be detected by the appearnee
of the cressent saefaee, a8 in Grare 265, On the
pith side of the blacl penedl Tive in the fizore,
gronps of speingwood and summerwood filers
e shown broden off ot minute compression fail-
nres elose to the saw ent, rather than being cni
off clennly by the saw, This end reaknge of
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Ry B-0f. Effect of compression fallere in yellpopoplar bovw. Top, picos eomilnining compression failuee s it

aopoarcd before applivation of lomd, Rodlam, sante pices afler freciure,

Wi gampressbon foifure on the te-

gigm &ide kes ponsad ai abrupl amd cotgpiete froofére aorops e grotn.

Figiwra 2-05. Crosscul (eongh Sitko spraoe iwoill eemcrons comrossicn fedlvres dn e pordion on the pitk side of he
lifgol: e, a0 dodicated Uy the broken Fhers ie Dotk setmanerpeod ofd springaeand,

fiber dve to compression failnres has a charmeteris-
tie appenrance regardless of whether the eross-
cut woe made with o cosrse or a fine sow. The
Abers are hroken off in more or [ess discontinuous,
rudial streaks, ag shown in fipures 2-65 and 2-66,
On the bark side of the black line, where there
ate no comproEsion fallures, the normol appear-
anee of o suw eut nay be seen.  Althongh the
apringwood is broley out in places, the summer-

7a

wood ig ent off Uwoonghout by the suw.,  Absance
of el brealeage of fiber is not proof, however, of
the absence of comprassion Tailures, sinee the sww
cut may not have come clese epough to failures
present within the piece,

The nse of teansmitted light i on aid in detect-
ing compression failurves in veneer.  The sheet is
hedd wp te o bright light s that the =ide observed
ig in shadow, A compression failure will then
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appent .5 & dark, irregular line across the geain,
Figure 2-67 ehows a compression failure in yellow-
poplar veneer as it appears using transmitted light.
This methed is usually move effective in light-
coloved woods, such ag Sitka sproce, than in dark-
colored woods, such as mahogany.

A good hand lens with 2 masnifyving power of
about 10 diameters is of assistance when the fail-
ures are not pronounced,  In the laboratory, mag-
nifieation up to 60 diamaters by means of a low-
power microgcope is helpful.

When a tonglness machine sueh as is deseribed
in Fovest Products Laboratory Report No, 1308
ig used ns a part of the regular ncceptance test,
lumber gontaining even minute compression fail-
ures can in practically all coses be detected by the
low toughness values obtained.

.50, Cowipresgion woed, Compression weod
i5 an abnormal type of wood formed on the lower
side of lenning softwood trees only-—not in hard-
wond trews, DBeeause of inferior strength proper-
ez, excessive longitnding] shrinksge, and rela-
tively high specific gravity for o species, compras-
sion wood s unsuitable for alveraft construction
exeept n limited amonnts,

Compression wood usually has relatively wide
anmual rings and unnsually wide summerwiond
which, however, does not appear so dense wnd
Lornlike oz nornmal spmmerwood.  This results in
1 lack of contrast with springwood which gives a
lifeless appearance to compression wood, particu-
laaly when diy, as shown in figure 2-668.  On eur-
faces of lumber and veneer, compression wood
nzwally has o yellowish or slightly brownish color

FPigure 3-06. Crosscifs throigh Sitke sprace. A owd © exd wldh boilow grwicd onf-of sew; B and 0 cul wlih
novelfy cul-off saw.  Mscoplinuonz rodiod stroeks of fbers Bbrokem off dn soieing dndicals the prosenos of
compresiion failvres fe A end B, O and [0, mode with fhe seme soics oo A and B, respectively, show mi ovi-

dereod of comprossion feilinre,

79
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when dry wid a veddizh color when wet,  Streals
of compression wood on edge-grain surfaces fre-
quently are intevepersed with streaks of normal
wood, which paually has nuwrrower nnnual rings,
a5 is shown in figure 2060, Oeonsionally it is
present enlively seross the width of pieces of edge-
grain lumber.

Comnpresgion wood gradates from o pronouncel
toa bovder-line form which approximates normal
wood in appearance, particularly that which has
wide summerwonod,

Well-developed ecompression wood usually can
be detected in ordinary visual inspection by its
relatively wide annual rings and wide sommer-
woold,  Moderptely  developed and  border-line
forma, ae well ng pronounced compression woml,
can be detected by the epacity of their summer-
woodl in contrast o the tvanslucence of normal
simmwrwood when thin sections are held against
w bright light (), Bg. 270, A box costsining a
100-watt bulb and having a variable opening over

80

Figure B-07. Comprioszion _f'r_au.'.'ru i rotorp-cuf yolimo-popiar vemeer by frorsmiiiod Leld.

i

which the thin seetion ean be Jaid, when v=ed in o
darkened voom or in s well-shaded pogition, is bast
for the purpose {fig, 2711, The opacity of the
sununerwond of compression wood 15 due to the
microseapienlly  diseontinuevs  stracture of its
fibser walls, which dissipate Hght, in contreast to the
continuons dense fiber walls of normal wood,

For examining lomber for compresgion wood by
transmitted light, cross sections approximoetely
five thivty -seconds inch thick, cut with a smoecthly
cutting saw, have been found satisfuctory fov most
species,  Inguavter-sliced veneer it also ean be de-
tiseted ].'lj this methoml in thicloessas up i one-
eighth inch, at leagt,  Fven in glued panels, com
pression wood con be detected in the face plies by
the opacity of its summerwood, provided the ply
containing eompression wood i3 on the side towprd
the observer, dock=olored henrtwool of such spe-
cieg g vellow-poplar and sweetgum 15 not meloudaed
in the panel, and the total thickness dees not exeead
about eme-eighth nch. Figures 2-72 and 2-T73
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shonw compression wood (lefe) and normel wood
(vight) in veneer aml plywood, respectively, as
seent in ordinary visunl mspection (above) and as
sean agninst n bright light (below).  Tntlse lagter,
the sumnerwood of compression wood is shown as
opaqua, that of novmal wood ag translecent.,
Strength properties of compression wood, -
tienlarly stiffress and sheck resistance, are lower
than those of novimal wood of the same apecies
when dvy, Other bending-strength .!'.l:l'll]llf!l"| ios are
orrntic, sinee the tensile stvength of eompression
wood frecpuently is mueh lower than that of nermal

Figiree 285, A, fengitndinel and er0ss zoclions (hrorgl
gidity 0, crosa donlk e codtipresslon wood okd aplifs
griafer lengiiadivnl shrinkage of comproszion wood ; O,
piog womd Gip e deecer sider O enppdegy i dhios-y
freszion wood dn o bodten ply thaa of e pormwel weod

wond . Inbending, eompression wood breaks with
a brittle fractore, while normal wood splinters, as
i5 show in L and B of hgure 2-T0,  Compression
wood has relolively higher density than normal
wood, so that the ratio of weight fo strength also
makes it unsnilable for aieraft strocture.  Hx-
cessive and rregular shrinkage along the grain of
colnpression woddl |||'|;:|:-c'|li!-||:|“l‘.' eanses erogs branks
and, frequently, erosls and bow i honber. B,
figrnire 262, shows o eross break in eompression
wond bonded on botl sides by normal wood, and
{1, figure 2-68, shows erook of a piece in which the

gt of @ bree feonk Witk eompressicn oed e oo
betwion comgreasion spood apd dormael scond due fo
grool cesand by logitiolingd sheinfage of e compPée-

phnceod dus fo kigher legriticdingd shrinkage of coni-
e dhe Pop Py,

81
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Figure 2-68, Szmples of westorn hetelook Logrds with compression wweod i verying emoceds; 4, procticoliy
the entirg ausgoce - 8, sbreoaks dnferaperacd 1eilh formol woed ! gnd ©, oovosiopn] aanual riegs. A awd B ot
eEorRgive anpoiile of compreeeion seeod, while thot of @ maw ke pormidted,
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Figwre 2-Yo. Pupleal beiwding foilaros in Sitke speaee
ropresemiad Dpr A, aplinferiap aormel woced, aud H
brittio compresaion wond, My O, wppir ssemple alowg
aross sccors of woreiad Maaslecent weod foe ey
goeomid feck (ol pholegprophed by fransmitiod Nobe,
avmmoricnod wmore frerslncend Dum aprmeeeod ) loswor
crample shows comproszion wemd infdrsperend w0k
normel woed, cetigreesion wood dicaded il opogue
S TREeO0d.

compression woond 18 slong one edge.  These de-
fects resulted from much grester longitudingl
shrinkage in the compression wood than in adja-
cent novmal wood. D, figure 2-68, 1s an edge view
of eupping in three-ply plywood that resulted from
greater longitudinal shrinkeme in compression
wood in the ply on the lower face than in normal
wood in the upper face ply.

The inferior stueneth properties, sxcessive lon-
gitudimal shrinlonge, snd greater density of tom-
pression wood menerally arve detrimental to aireraft
structures, Compression wood may be permitted
in niveraft stroetures only to the extent described
in section 2.4,

aa0f, Piteh packets. Pitch pocliets sre ap-
proximately plono-conves, lens-shaped openings
within annnal rings, usnally longer than they are
wide, Az a vuke, they contain more or less resin
wndl, ncensionally, barl, They may be from less
than an ineh Lo severnl inches in length. They
normally eccar only in certain conifers, namely,
pine, Ihouglas-fir, sproce, tamaracl, and larch.
They wre most common in southern pines and
Donglng-fir and least commaon in redwoed,  They
probshly are the result of small injuries received
at some time during its growth by the carnbinm,
which ig the growing layer between bark and wood.
They are objeetionable becanse they may wenken
stiall members and vesin may exods from them,
especially when the wood becomes warm. In
quarter-sliced vencer pitch pockels appenr as nar-
rovw slits,

2308, Hurk pocketz. A bark poclet is o pateh
of barle partially or wholly enclosed in the wood,
There i3 vsually some slight separation, or at
lenst n lack of cohesion, invalved that has a definite
wealening effect.  They are oeeasionally found in
most aiteraft woods, partienlarly in sproce, and
ave considered equal in demaging effect to pitch
pockets of equal size, Inappearance they resemble
pitell pockets more closely than any other defect;
but they nre nsually smaller and, of conrse, lack
pitch.

DA00, Ptk streabs. Pitch streaks are well-
defined mfiltrations of resin in the fibers in the
form of strenks, usually extending a greater dis-
tance along than scross the grain (Az 2-T4).
They normally oceur only in pine, Douglas-fir,
sproce, tamaracls, and larch.  As found in the bet-

83



Downloaded from http://www.everyspec.com

Figrer ;':--T,!_ Farpe! Peoducfz Loborotery epporates fop defecting comproesion wood by froismiltod foks

ter grades of lumber, practically all nve small,

Fiteh streaks are objectionable in airplane con-
struction in that the piteh may add moatericlly to
the weirht of the wood; it mmy exnde, especially
in warm wenther, and affect thoze finishes which
di not hold well on pitchy areas

2810 Méngral stveaks, Mineral streaks arve dark
brown or blach streaks, fregquently with o green
tinge, and often contaim mneral matter n saf-
feient quuntities o dull sharp-edgel tools. They
vary in length from less than an inch to o foor
o more along the grain and have o transverss
dimension at the widest portion of one-sighth
ineh to 1 inch or more (fig. 2-75), Their limifa
may be sharply defined, or they may fade out
pracdually into the snrrounding wood.  Mineal
streaks are Trequently infected by fungns, and they
checl: more easily in seasonimg than does noermal
wool,

Mineral streals ave comvmon in maple, hicloory,
basswaond, yellow-poplar, and vellow bireh and
are occastonally founnd in other havdwomls, Eyvi-
dently they are often, if not alwoysz, doe to some

B4

ijury that the living free veceived in the form
of bivd pecks, mechanienl nbiasion, tnppings Tor
maplesngar, or the like,

2311, fadented vings. In cortain species of
contfers, particularly Sitla sproce, annnal rings
ne seen on the eross seetion sconetimes are in-
dented olong o radial line for many snccessive
vears {fig, 2-76). Bach indentation wsually ex.
temdds up nudd down the tree tronlo for several
iniclees, produeing noticeable blamishaes on longi
tudinal, eepecially tangentiol, surfaces (fig, 2-77),
I'f the indentation ran exactly parallel to the grain,
theey wonld produce no distortion of the individonl
fibers excepst ab the top and bottom ends of the
indentition ; buty sines they usnally male o shight
amgle with the grain, the fibers dip from their
atraight longitudinal conrvse af the indentation,
like a slack rope on the ground in follewing the
contonr of o diteh which it crosses at o wery
acute angle,

This dip i= in o radial divection and canses a
alight eurvature of the annual rings and deflection
of the fibers in a radial plane, as shown tn fionre
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Figure B-Y3 Two pieces of Dougios-fe plowopd photopra phod (abore) e vofocted Neld as seor in prdfnery elpsel

of the swiimericopd of

fr spkick Bhe semmerscood {2 Drighier fhor the

Nope dn fowor photeyrephe (oft) apoacity

inppection il [Deloie) by fransiitfed Lght,

pompreasicy seood aed (right) iz

Springeoiod,

troivalroenee {6 eormael woeod,
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Figure 274 Plleh stroak.

Figierg 2-T0. Minerel gtreak,

Figure B-78. Indenfod rings oé eoom 01 @ oross aevdiom Pigare 2-77, Indenfod riegs @2 2cem on g longendisl sur-
of Hitke spruce. Neolural size Fose of Sitke spruce.  Nafenel sige

ar
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2.78, In a tangential plane, on the other hand,
the indented rings canse no distortion of mrain,
a3 is evidenced by Ggure 2-77, in which the checlks
are not deflected ne they pass through the indented
potiarn,

Figere 298, Mdonled vivgs @8 sesi oo o rodial surfecd
af Stke sprlco

2512, Buele, A burl, as defined with respect to
aiverafl veneer specificntions, is a leeal distortion
of the sraim doe te one or several contiguous
conieal protuberanees of wood on the tree truni
which are formed under dorment buds that usnally
do niot develop bt persist for many years, sach
having o eove, or pith, or to overgrowihs of such
buds that died and no lenger contain o pith (fg.
Z70Y, Semetimes o lorge number of soch buds
pre produced in elose proxunity to ench other,
forming a large, wartlike sxcrescence on the tree
tromk, which is the popular coneeption of a borl
Burla iy oceny singly or in groups with arveas of
shrnight-gained  wood  between  them.  Becanse
burls originete from conieal projections, they
usnally show o fairly definite boundary in hunber
and veneer,

A tangential et through the conieal protuber-
ance of a burl frequently vesembles o small knot
in hiaving a central pith bot differs from it in thet
there 18 no appreciable mpount of strictly el
grain pround the pith. Theare may be steap cross
grain on the upper and lower sides of such a con-
fenl elevation, but on the two latern] sides the
grain ia proctically flat {2, g, 2-T9).

A borl differs from cross grain formed by
vounded protuberances dine to overgrowth of a
knot o injury or crook in the tvee teunk, m that
in such crossorrained avens there is no central
pith and the grein at the center of such a pro-

tuberance is flat in tangential view, althongh it
iy be curly, and maore or less steep slope of grain
oeculs sene distanes above and below the center
(O, fig, 279 and fig, 2-80). In sneh voundad pro-
tubsrances the cross grain vsnally ie less steep than
in burls, '

Burls differ from bivd's-eyes in that the Iatter
wre dne to individually seattered conien] depres-
gions wnd never have o pith center.

O account of the differences in the stespness
and distribution of cross grain in them, it is nec-
ezgary to istingnish between lnets, burls, wnd
rounded protuberances, the burls vsoally being
intermediate in wenkening effect between the other
Lwo.

2018, Bindseepe. Bivids-eve is defined as a
gmally central spot around which the wood flers
ave arranged in the form of an ellipse to give the
appearines of an eve. Bind'seve is faivly conunon
in maple, Sone samples show o spavssly sent-
tered bird%s-eye, ns in figoee 9-81, while others
ghow bivd's-eyes erowded in at the wate of 10 or
move per sqoare inch.  Sinee each bird's-eye is
sccompamied by o small aven of steepy cross grain,
the effect on strengih may be considerable in
pieces of the latter type. Yellow birch occasion.
ally exhabits o dimple-like effect that is sometimes
enlled birds-eye, although it has o less prononnesd
figurve than bird's-eye in maple.  Among soft-
woods, redwood has a so-called birvd's-eye that is
found in many pieces in the clear grades.  This
bivd's-eye usually securs in small, vather widely
senttered chains, henee it 1= not diseriminated
agpinst unless hollow or unsonnd.

2014, Badiel yed streak in sprwce,  Radial ped
streals in gunce arve noticeably darker than the
surrounding wod, especially a5 seen on the edge-
grain face, and moy extend feross o number of
annual rings,  Their vertical height is usnally Tess
than their radial extent (fr 2-52),  The color s
eanaed] by the presence of dark gommy material
in the wood ray cells. The gum-contnining rays
muy be congiderably higher vertically than normal
vaye [that 15, made up of more cells one above
nnether).,  Ne indieation has been found that the
el streaks ave, in themselves, a soures of weal-
ness in the wond eontaining them.  Sometimes
they are associated with distorted grain, the of-
fect of which should be determined independently.

2315 Gioné rosin cencly in 2pruec. Radi
resin canals with diameters up to ene-slghth ineh
or more, g0 large that they are easily seen by the
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Figure 290, Berip in gelbow.poplar votuip-eud setear, A, @ buel formed b oge oonicel clevadion bolow o dor-
mand bl Nebe dark core, or pith, and faf prob og bodl sides, an tidicated by eofeotion of Hpht end pore
Temgtk, B, a bavi formed by o duster of dormared beds. O, ade small purly assopioted wilh crose grom des {a
erergrowil of baad
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Figwre 380, Type of Sowre frodeeed in ewlfing molery sencer frome o Mook wlth soike croo®; uot to be confaaed
with fargs bl

naked eye and consequently are sometines mis-
taken for worm holes, may ocenr in spruce wooil,
Large vertical vesin ennals may aleo ocone bt are
mneh less fregquent than radial conals. In figore
288 the relative size of the normal aud of giant
resin canals is shown.

In determining when wool with giant resin
eanals should be vejected, the strength reqnive-
ments of the part eond the number of eanals pres-
ent per unit area should be considered. Since
the resin canals do not produce serions distortion

90

of the grain, their presence in low-stressed parts
is, unless in obvionsly large numbers, net objec-
tionnble.  Even in highly-stressed parts, the pres-
ence of orensional large cingls shonld et be
cause for rejection.

816, Blaek streaks in western homlock ond
ather coniferons specics, The activities of a
species of fly (O kiforie alaskensis Hanter), living
under the bavk of certuin eoniferons species as a
lurvn or maggol, results in the formation of a
chamber or cavity in the wood which often re-
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somnbles a pitch pocker in shape but s filled o
lined with cellulor tissue having dork-coloved
comtents. Continuing vevtically in both divec-
tions, from the magrot chamber for distanees
varyving from a few inehes to a few feet, is a thin
liyer of davk tissne which vaually oceupies only
part of the thiclness of an anpoal growth layer
and i Bmited in civeomferential extent to an ineh

i

p1e
AR T T L

e pamry

Ayt ATy
e

or 5. As seen on an edge-mrained surface, the
appearanies 5 a thin black Tine which is wider
where 1 maggot chamber is cut through. This
gives vize to the use of the term “black stveak™
to dlegignnie the layer of dorl tissue and the in-
cluded maggot chamber,

Teste of the effect of black streals indicate that
except for the maggot chambers they need not be

Figwee P82 Bodiod red abveak dr spesoe ox iF epporre or an edge-srede e,

2IT—51——T

Ll
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Figere 2-85, (lunf resin canele de gprice @ 2e0 doider the micraseopd of §00 on o forfentiol fove: A4, piang
roaffal eomal, 20ifl doege vasied gonol Beside if of lefi; B, wormal rodial reain canel; @, large verfical gl

limited and that the chambers may e admitted
in airplane pavts to the same extent as pitch
pockets,  The lengil of a maggot chamber should
be considerad only as that of the definitely wider
or thicker portion of the bluck streak {fz. 2-84).

Irvegulor grain ov deviations of grain associated
with maggot chambers should, of course, b
Timited in the same manner ag other deviations of
grain.

DU1T. Black streak and soof pocksts in yellow-
popfae. Block  strenk  {sometimes called  five
streak) amnd soot pochkets are defects peenling to
yellow-poplar that wre usually associated, The
trouble originates at an mjury, leavimge » smoll

92

pren where the wood is not intergrown and which
ie limed wich & dry, jet-biack material,

A and B, figure 2-85, shows the typieal appear-
ance of this defect on edge geain and end grain,
vespectively. O, fipure 2-8%, iz an edge-grain
gample from which the wosd at the lower side of
the soot povket has been eut away to show the ex-
tent of the aren where the sunoal rings are wot
intergrown, S, figuve 2-85, is a sample of rotary-
eut veneer showing the soot pocket in the center,
with the black streak or fire strowk extending along
the prwin in beth directions,

LHI8, Aied peak, Clecnsional logs are encoun
tered in yellow-poplar that have heen repentedly
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damaged by birds, which drill sevies of holes
throwgds the bark nto the sapwesd.  To the grent
majority of cozes, the injuries ave shallow enough
to heal; the small, rounded spots pemaining con-
tain deviations from strajght grain that aee
usuably much less proncunced than those u burls

Figwrs 284, Bloek stronk

Usually these bird pecks are more or less sparsely
seattered over a sheet of veneer; hut in extrems
enses, 18 shown in fignre 2-86, there may be 100 or
ore te o square foot.

2310, Floccosoids in westera hemdock.  Other-
wise aceeptable western hemlbock materal is some-
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Figire 2285 Binel sfveek ond sood peebote de geileae-papiar,

times rejected by inspectors who wistake floc-
eosolds, which appeny as white spots or streals,
for decay or dote. . o and &, Gpore 2287, show the
appenranee of floceosoids,  These whitish deposits
in the cavities of the wood cells result from the life
processes of the tree.  They may be nearvly form-
less, granular, or crvstalline, .

Floceozoids are soluble in various solvents, in-
cluding such constic alkalis as potassinom liydrox-
ide or ordinayy household lye, They dissolve
best when poper-thin slices of the wowl contain-
ing them are submerged in an alkalive solution =o
that the solution is in divect contact with the de-
posit,  This solnbility dest moy be vsed to dis-
timgnish fHoceosoids from decay, sinee under such
treatment the floceossids will disappear but any
white decay spots present will nol.  Also, the
floccoanids are at least us fivm and solid a3 novial
springwood, whereas decaved spots ave softer than
notmnal wood ; thus, they can be distingnished by
picking at them with a knife blade.

2020, Veneer defects. Most of the delects dis-
cussed in preceding poges are common to boll
lumber and vewser.  Theve are, however, certain

4

defects of mannfactore that are peeuliar to venesy
and that require special mention,

23200 Rewgh owtting, Rough eutting weakens
veneer becinse it nsnally canses some learing of the
surface fibers, I'his rezulis in thin spots that can
be detected in thin veneer by holding the sheet to
o souree of light.

Rough ontting also prevents s umform gl
bond, beenuse it i= not possible to obtain as close
and complete o contact between the glued surloces
a5 is desivable,

Smoothness of ent is judged by feel and by ap-
peavanee,  Light shining obliquely on one side
of a piece mokes roughness more evident than
does diffused light. Long expertence is not neaded
to cletect the move serious types of vongh cutting,
Assmming that the lathe or slicer is in zood con
dition and well operated, vough eotting is not a
eerions problem in stealght-graimed wood. It
shonld, however, be Jooled for in heets of veneer
that show irregularities of grain resulting from
brmps, burls, eorl, or iterlocked grain, The serd
opsness of rough cutting from the airopfe veneer
5rn1:uc1pn'mt Lin:.pl‘:ﬂ{l_s on the |1.|-!,I_jfn:_u_- of ]'u|1g|1_|_1|35.-_-1 sl
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the gize of the sren affected. A very small area
that is anly slightly rough need not be considered
enpze for rejecting o sheet that is olherwise of
ol quality. Figore 288 illpstrates an objec-
tionable and nnnecesaary degree of rongh eutting
in relatively strajght-grained hard maple,

DA, Lopse sutidng, Every sheet of rotary-
ont andl sliced venesr has a “Bght side™ and an
“open side.” The tizhi 2ide is that which is towaed
the outside of the log, or flitch,  In plywoeod, the

tight side of the surfuce plies gshould be the ex-
posed gide.  Sinee knife-cut veneer is seversly
bemt away from the log or flitel as it is cut, the
outerside is pub in eompression and the innerside
in tension, In poorly cut veneer, the open side
wften reveals numerouz smell surface ohecks
which run morve or less parallel to the grain when
the sheet iz bent so that the open sde is on the
eonivex side,  In propecly made venser, the dif-
ferenee between the two sides can be detected al-

7 a ol

Figurg 2-86, Bird peck in pellow-popler,
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Fioura 287, Floceagtids—oohife spots dg wwertorn howbani.

A, foopooids (f) a@ eeel frough (he microgeape

fwboat 200X mggaifoation) ; B, foccosoids (1) fn roderp-ond ceRoer

thouglh the difference is not very prononnced,
Tightness of cut is betier o thin veneers than in
thicle, and, Tortunately from this standpoint, air-
erafl veneers ave os o rule relatively thin apd
therefove velatively tight.
23208, Nowdeniform thickasss, Well-made ve-
neer should meet certain thicloness requirements.
L. It zhould, on the average, b= up to the
thickness specified, rather than, oz often
Linppens, slightly winder.
2, It ghould be cut with sofficient sceuracy to
keepr within the speeified thickness toler-
apee, =0.002 inch or more, acconding o
the thickness of the veneer,
. The thiclmess of individual sheets of veneer
shonld not vary mwove than = 0002 inch in
different places,

Tests indicate that, with o gosd Iathe or

slickr firoperTy opersted, theré is no serions
diffienlty in meeting these vequivenents.
24204, Liaek of flatness,  Sheets of veneer olien
dry with a wavy, uneven surface, partienlarly if
they are wide or contain aveas of cross grain, which

7]

ranse uneven shrinkage, Suel sheets are likely
to cange some difficulty in gluing and have a ten-
dency to split in pressing for evating, specially if
too dry.  Flatness of the best commercial stand-
ares s desirable in all aiveraft work, but par-
tieularly in mokled parts. Wavy venesrs can be
eagily squessed flat in o standard press and uni-
formly bended to adjoining layers. In bag and
other types of finid presaore molding, pressures
u=ed are lower, and. for snch purposzes the venser
must be relatively flat if a good and uniform glue
bl 35 b be achieved, .

23205, Frequiney of common natural defocts in
deperr,  Table 2=12 shows the chisl natural de-
fects and blemishes found in four common air-
eraft-veneer woods,  The sotary venesrs on which
these figures were baged were cut for airorafi, bat
actially ahout one-third wers somewhat under
aireraft standords by veason of excéssive cross
grain or other defects exceeding the specifications.
The percentnges of clear sheets in the veneer in-
spected were: Yellow poplar, 252 sweslgum, 53
liaed maple, 18 ; and yellow hireh, 41.

Burls were much the mest commeon defeet found
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in yellow-poplar, ocevvring (ypically ns cross sec-
tirme of buwds which were frequently gronped.
Singrle burls selidom excesded the allowable Timit.
but thelr commbined diameter or nnmbey often ex-
ceaded the allowable limit.  Burls were sometimes
aceompanied by rough eotting i the snrronnding
wooid,

The high frequency of knots iu aweetgmn is ao-

counted for by the fact that very small ones, one-
eighth incl or less in dinmeter, are fairly commen ;
sometimes severnl wppear in oone venesr sheet,
Kunots in all the woods were, in general, small,
sonnd, and tight,

By far the greatest mumber of wmineral streaks
were found nomaple, although in the quality of
veneer examined they were small aml sooul. In

Figpape 2-88, Dbjecticnabic vengh cuftdlag in maple,

97
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maple, miveral strenks often check during deying

For uze in aiveraft, the most serious defect tn
otherwise good veneey is erogs grain, In smnall
samplis, cross grain sometimes reduces the tensile
atrength to one-third that of straight-grained ve-
neer: amd in bending, small eros-groined pieces
break at about twice as lorge a radins oz do
straight-grained pieces. Cross-grained shests of
veneer do not dey so flat ss straighi-grained sheets,
Where cross grain is extreme, greater diffionlties
in gluing and fuishing are enconntersd than with
struight-grained veneer, becanse such cross grain
inetlect is similar to end grain.

Table 8-15. Frequeecy of Princdpel Netieal Dofecte and
Blemishes Fownd in Vencers of Four Oommen Aireegft
Wands

Peroomt of voeeer shosts In which deleeds weps
founid

Duabect or Blamish — T e
e A R
G e 1A
Wnots_ ... 27 \ 20 \ 4 16
Burle .. ___.___. 45 5 4\ 14
Mieral streaks & \ 3 l 7 1
Excezsive  spiral \

grain_ . ___._ :f\ :au\ i 13
Excessire .'::imrn\ \

F 5 U T 5\ ﬁ\ 17 ]
Exvessive curly \

L2 1 £ DA FUSURS P 4 12
Bark pockets______| 7 | 2| 1 ‘ 2
Bears_ .. __..___| L 1| & &
Bird'seye___ |\ e 12 2
Bird peck.._._.._.} 5 1 3 \ |
Worm holes_ . -] 1 | ] ll.._ __.-l _______

| f

The cross grain shown s all excessive cross
grain ; that 15, more exireme than the apectfications
permit. Only excessive cross grain 15 recorded
here, beeanse every piece of veneer hos eross grain
in saime degres ; hence, most of it is not signileant,
The situation is different with the other defects
and Blemiches, beranse they are as a vule entively
Tncking in a rreat mnjority of the veneer sheets,

Nosheet of veneer 15 perfectly straight-grained.
Crook, taper, swell butt, ridges, and bumps pre-
vent many logs from being even closely eylindrical,
Curly, spiral, and interlocked grain affect other
Boyrs, 5o that the term “straight-grained™ is purely
relative. For all practical porposes, this term
may be taleen to mean that the grain is straight
enough to meet specifications,

98

The sweetgum tree is choracterized by o moeat
deal of interlocked grain, I iz not surprising,
therefore, that the sweetgum venesr exaninined had
more spiral grain than did the other woods,
Spiral grain is coinmen in birch also, both in the
tree atul in veneer, but is less of a problem in yel-
fow-poplar and maple.

Maost of the excessive short geain in maple con-
sigted of awirls, or patches of localized steep short
grain, that ave probably eroza sections of sizabla
bamps or swells on the log. Hwirls nsnally have a
slope ateeper than 1 in 105 and, since several swirls
often ooeur in one plece, their combined apen way
well exeesd 10 percent of the sheet. In the other
wonds, the shovt grain wis more often the result
of swell butt or eroek 10 the log.

Cross geain vesalting from butt swell may be
found in abmost any wood.  The characteristic
appenranct is shown in figure 283, Short grain
varying from 1in 5 op o 1 in 10 is often found in
such aveas, the steeper slopes being foond asz a
ride where the growth rings ave nwst closely
crowided together.  This kind of short grain i=
msually limited to a small aven near one end of the
sheet, and froquently such o sheet can be greatly
improved if shortened a foot or o Shot grain
of the same general type can sometimes be found
at both ends of o sheet of veneer from a log that
hog a rousiderable degres of sweap or troolt,

Corly grain was of no great peactienl signifi-
canee in the veneer examined, except in vellow
bereh, about half of the logs of which contpined
it inowvarying degree. Only 12 percent of the
ghieets, however, had exeessive curly geain; that
is, menin with g slope steeper than 1 in 10 eovering
more than 10 peregnt of the surface. Cwrly grain
ia often accompanied by reugh euttiug. which in
iteedf is objectionable. Figure 2-80 illustrates
enrly grain in bireh,

Sneh irregularities as bumps, burls, swells, and
kuots are cecasionally Tound n all wooeds and
eanze short prain in varying degrees, In figure
241, for instones, the stespest short grain in the
section throungh the small bump iz 1 i 3, bot the
arep affected is very =small in proportion to the
size of the sheet. Short grain of 1 in 6 is the
steepeat found aroumd the eection throngh the
large bump in the center of the sample, but the
aren concerned is mach lavger,

Figure 292 Musteates with khaya {#African
mahopany™, & type of short grain that oceurs in
woods having interlocked grain, The two nar-
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Fipare 2-8%, Crosa grade vosnliing from buft sicell 90 pofinr bived,

rower spmples ave quarter-sliced “ribbon greain,”
the fizure being due to uterlocked grain suel as
aften oceurs in sweetznn. tupele, and syemnove,
The other two samples ave onfigured aud plain
gliced,  Much of the aren of sone ribbon-grain
prieeas hus slope of zrain gieeper than 1 in 10, but

142374—G1——=

the wufigured type is typieally moch  more
straight-geained.

These typical examples are given, not becanse
ey necessarily juslify rejection of a sheet, but
because they ave vsually gronnds for suspicion
andd may eall for elweking.  The quality of the

79
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i)
Figure 2280, Carleg geain i jreifose Wreh
remainder of the sheet often determines the ac-  throngh the sheet,  In rotary-cot veneer, the face
ceptability, is practically o tangentiol snrface ; and in guarter-
DRG0 W easwrpment of slope of grafa in veneer. gliced veneer it is approximately o radind surface;

The slope of grain in venser is determined with in flut-sliced veneer, however, it may vary from
vespect tooan edge—that is, in the plane of the  tangential to vewrly radial even in the smue phece.
sheet; and with respect to the face—that is, The slope of grain with repect to the edge in

03



Downloaded from http://www.everyspec.com

rotary-cut nnd fat-sliced veneer s indicated by
the divection in which the vender tears or by pores,
resin ducts, the divection in which free-llowing ink
or dye spreads, or the seribe test on the surface,
although in veneer lese than ene ferty-eighth
ineh in thickness the seribe test i= not practical,

/ 2 3

Fignre 2. Ciovr groin Jv'rll]]lul-.l Frour mmali gna laige bimps,

It 15 also indicated roughly by elongaied mineral
strealis and pitch streaks, since they nsually ex.
tend along the grain, and by the direction in which
the npexes of successive annual rings line up on
its surface if dingonal grain 35 present but spiral
grain is not present, as illusteated in fgoe 2-53,

: 101
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If spiral grain s present the grnin will take a dif-
ferent course than the apexes of the annual rings,
as illustrated in figuee 2-08, sod thevefore the
annnal rings cannot be relied npen entively for
determining the direction of grain in sueh veneer,

In quarter-sliced veneer the anmual rings inedi-
eate the slope of grain with respect to the edze,
the sume as on radial surfoees of lomber (sec.
23027, exeepl in khaya, which lhas no definite
srowth vings but has solliciently distinet pores
to indicote the divection of grin,  If the annoal
rings ave not distinetly visible on the faces of
quarter-sliced veneer, 18 may oechie in swestoun,
yellow-peplar, moagnolio, water tapelo, aod bass-
wond, they smnetimes can be ssen more clearly by
tilting the veneer at a different angle with respect
to the light soures or the eve.

102 -

Figwre 203, Cross prats vesnlfing firo fivderfocked gralu.

Tearing quarter-sliced veneer to determine the
divection of grain may be misleading. If the tear-
ing 15 done by pulling downward with one hand
nodl uppward with the other, the tear mey follow
the grain (annwal vings in this case) ; but if the
reverse motion is employed, the tear may go di-
agonally peross the rings (A, fig. 2208}, The
difference in tear is due to the radial checks that
are fovmed on the “open®” side in such veneer dur-
g entting, These cheeks are arvanged in a diag
onal direction acvoss fle sheel, because when
flitches e placed in the shoer in an inclined posi-
tion, the lnife passes dingonally through the flitel.

The slope of grain with respect ta the face, or
through the sheet, often s move difienlt to deter-
mine.  In rotavy-cut sod flut-sliced veneer, the
presence of mmuerous parabolps formed by the
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Intersection of annual rings with the sorfoce nudi-
cates diagonal grain through the sheet, ns in figures
208 and 294, The ratie of the thickness of
the veneer to the length in which the bommdury
of the swmne annnal ring intersects the two surfaces
i o measure of the slope of groin, as o to oo
im fignre 805, in whick ba 15 the bowndary of oo
annual ring, although the venesr nesd not be eut
ihrough the apexes of the pueabolas, as iflostrated,
in arder to male the nesgoranente The sarme an-
mwal ving can be identified on the two surfaces by

1 : - LK

holding thin veneer ngainst o strong light or by
pinpricks throngh the veneer,

A more complete diseussion of determining the
glope of grain is piven in Fovest Products Lsbora-
tory Report N, 1585,

Tow ey ent of veneer, the leagth of rvesin duets
or of plainly visible pores also is a mensure of the
glope of grain,  For example, if the lengih of the
porves on the surface of mahogany is less than 0.11
ineh, in bivel 000 ipch, and the resin duets in
Mitka sponce and Dovglas-fiv 0,04 fneh, the glope

ARG

Figure 2=858. Avtificial spivol gradn oz (ndicated by abligne slinewen! of operes of aumaal riage on e dengeniiol

swrface (iokeit diggowel gradn iz presend).
with alircanest of epercs of anueal rings,

Nafovel gpival graim absesd, g inlloafed by porallelisn of aphit

103



Downloaded from http://www.everyspec.com

Figure 2-85, Notwewl apirnl geaia ox indiested by split sohich is aa! prrallct ik aftiemcst of epescea of auwsel rigs

e de i gound gesia.

of grain is greater than 1 in 10, Strictly speak-
img, vesin ducts in sproce, Donglas-fie, and loreh
should be mensurved for Jength on tungentind sor-
faves only, sinee, on vadind surfaces, several in g
row may imtersect the surfaee and make the meas-
urement of single ones vnpractical. Lf o slopa of
1in 10 or grester is peesent theougl the sheet,
a strip of the venssr when bent until it breals
will show a fracture along the grain unless it was
Brittle or coutnined other defects that caised the
direction of the fractire to devinte from parailel-
iarn with the fibers,  The ratio of the thickness of
the veneer to the length of the Yracturs {if it fol-
lowed the grain all the way threugh the sheet)
mengured parvallel with the surface iz an approxi-
mate messire of the slope of grain.

The elope of grain threugh the sheet also can
be measured on the edge by the slope of annnal

104

Compors el fgeee 2-600,

ringg, pores, or the fibers themselves when magni-
Heid, To do this it may be desivable o olump
the veneer befween two pieces of wood with the
edges Hush aad then dew a line parallel with the
direction of the grain through the sheet on the
edre of the veneer and adjeining pieres of wood
20 05 Lo facilitute mensurvement,

Veneer, like honber, may have the grain slop-
g with respect to the edge and with the face,
in which event the combined slope i= the square
voot of the sum of the squares of the twe slopes
a5 explained o section 23083,

A0V, Mandvel bending tests,  When strips of
veneer with exeessive slopes of grain through the
sheet are bent aronnd mandrels having predeter-
mined eritical radit of curvature, brenkage of the
strips usually ocems, whereas veneer with scrajght

- grain wsually will withstand such bending, Con-
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Figure 2-03, A, effeet of cheeds formed fnooaftiay ap fiveotien of foad i giarfor-slioed coneer,

dmy alnpe of peain thndgl o et af eogedr,

aa dwdivated by anwaal pinge, pores, flers, feoednee, cbo

uf miwia egiols b,

sequently, the mandeel bending tests sevve as n
nethod for determining complinnes of venper with
apecifications that vequire that, for aireraft ply-
wend, slopes of grain “on at least 80 pereent of
the area of the sheet shall not be steeper than 1
i 107" The percentage of spechnens of a given
gnmple of veneer that break during the mandvel
bending teat is an acceptable basis on which fo
determine the auitability of venesr with respect
to slope of grain threogh the gheet for aiveraft
ply o,

In sampling veneer for aireraft plywood by the
manddre]l bending tests, such specilieations as the
Avmy-Navy ":.m'nnmltit'ul Specifivation No, AN-
Pijgin, Felinary T, 1040, ave followed. The sper-
miens pre tested numedistely after removal from
the aven by bemling them to o U-shape avonml
the mandrels hnving the eritieal vudii of enrvature
for the speeies sl thivkuesses of the veneer that
is undler test (fable 2-13).

T Army-Navy Aevennwtienl Bpacifeatien Mrwaad and Veneer
AlrceaDt Flat Pansl ANSP-00a, Vebeunry 7, 154046,

B, wethod of aresair

The e be represowds (he dipertion of fhe grain heorpk P shoet
The e ok rofrrestals (he Mifekresy af Mg goncer,

Alupe

Tulde #-13. Balio of radies (R of Wandrel o Thickress
(T of Vemesr of Idifeven! Species fior Usa 10 Mdaadral
Hevding Tests

I Raiios = BT

!Elllﬁl'ﬂ «fir; \ﬁ}ll‘l :'-'I.l.ul:l-n'"h Elm,
Thicknes of firy Wistern bt Bomswend; Sall J'-ml‘:l'liuﬁ R

= Bgpiues, |..:|,.'k. Velloac- et

T i Ingk:
venroy (el w hite, o, Al | el PRy nne) e
511.':.1 | ok l:lr- l:u -.- o} Srwmnr., Voem; Weinnt,
dord wibiemnlan Malismng; Tlacl! ".l::u'ls.
| B vt primvdeea, Klisiva sugor; Hireh,
l Floc, sigir l yoliow; Roscs
———— —
| I
LY sl 20D, | 495 4 | a4
LR L1 a7 | a0 | k53
0054 o 0047 { |
Enelgsive . ' aT | 0 4
D060 ta 0005 | { |
inolisive . ___| i) 54 | 50

Figure 206 shows a snitalile mauner of placing
the mandral-bending-test specimens v an oven
For vapit deving; A and B, figare 297, show the
methed of bending specimens avonnd the mandrel ;
andl €, figure 2-97, shows & specimen of muhunﬂu}
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Flguer 2200, Voweor spiciittons plaosd (b eroks Jor rapid weed deging peioe fo mandeed brading Tevls,

veneer with exeessive slope of grain near the top
that broke during the mandree] bending test, while
the remaining relatively straight-grained part of
the specimen did not,

The Iollowing restrictions are necessary in the
wse of mandrel bending testes in order to obtain
consstent vesults by which to evaluate the snit-
ability of veneer for wiveraft plywood :

106

L The veneer must be oven dried at the time
of test (LD pevcent moisture content),
Tt Das been found practical to test oven-
dry veneey directly on removal of each
twndrel bending specimen from the oven,
2, The thickness of the veneer mnst conform

to the toleranees permitted by the Army-
Kavy specification of veneer fur aiveraft
Pyl

g The venerr specimens must be tested with
the tight side in tension, that is, the tight
aide outward and the open side agninst
the mandrel at the tine of test,

4. Dreakage inclndes all fractures that extend
one-eightl inel oF move across the fiber
divection at the point of failure of the
specimen,

B, Bpecimens must be ent as nearly as possible
with the edges paralie] to the genern] Ghear
direction in ovder to avoid tesving along
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the gmin daring mandrel bending tests,
When such teaving inadvertently occurs
it ahould not be classed as breakage,

6, The specimens must be Leld Srmly agamst
the mundrel during the bending to a
U-shape withont support on the tension
sirfare.  Determination  of  breakage
ghould be wade before release of the
specimen from the mandrel, since aeci-
dental increase of the corvatue by slip-
pang of the specimen i vemoving it from
e mandie]l sonetimes canses brenlage
tot due fo exeessive cross grali.

unless they ave massed or mabled together. A
mass of hyphae 12 called mycelium, Figore 2-08
ghows yeelivm on oak and the characteristic
eraeling in typical deesy of o brown-rot fype.
The froiting bodies of the fungl caosing either
g stoin or decny may appear on the snrface of
wond.  They vary in size from so smaldl as to be
invigible to the naloed sye, except in o wass, to quite
bivge and conapiencus,  The frinting bodies of the
stuinimg organisme are always smnll, Those of
wol destraying fungh may be very Inige and ame
enlled conks, brackets, mnshromns, toadstonls, and
the like, Smwee they are not formed uncil the

Migwpe 2=&7, Mawdreel beading foai of seneer: L, siart of beed ) 8, feish of fost; O, apeciiiea skewieg drordage i
the poel witk cocossioe slope of geain aear e fep Dl wol fu the cowaiider, wkich bad jeeentisailde stopes.

The eritical radit of corvature that ave used for
mandrel bending tests were calenlated from the
ratios of radiug to thickness at & pereent averige
brealoage of the specimens with permissible slopes
of grain, Breakage not to pxeesd 20 percont of
the gpecimens tested Trom any sample of veneer
i ugad as the ba=is for peeeptability of veneer for
airerall plywood, since the Arvioy-Navy gpecifien-
tion ® permits aiveraft venesr fo have excessive
slopes in small percentnges of (he avens of the
sheats,

2,821, Staing and dessya  Many stains, as well
a3 all forms of decay, are consed by fungi that
grow onand in wood,  Fungl are plants made up
of fine threads {hyphae) invigible to the naleed eye

2 hik apethon wos prepared By the DHvision of Forast Fathkology,
Burpau of Flant Induater, Babls, and Agricoltarn]l Engineering,
U, &, Dipartment of Agricukives, which is maintained nt Madison,
Wla., in cosperatbon with the Porest Products Labosatory,

Inyprhae have developed vigovensly inside the wood,
their presence indicates serions decay.

The fruiting bodies bear spores, which are mi-
croseopically small reproductive bodies of rela-
tively simple structure, analogous to seeds, The
gpores, being very light, are borne about by air
ourrents, If the temperature and woisture are
fovorahle, they germinete and if they are in con-
et with wood that is not fungus-resistant they
start new centers of decay or stain,

Fungi will grow in woml only if both air ond
waler are present, and ab tempesatures varying
from 25% o 100° F. These requirements vary
widely with different fungi,

Lanmber with o moistove content of less than 20
pereent will not stain or decay,  The most efficient
method of preventing stain and decay is to kiln
dry lnmber before it becomes infected,  The tem-

o7
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Figere 208, Wyeelisi on ook cid e cherasferiafic orooklag of fppiced brosca ot

peratures used in kiln deving are usually suffi-
eiently high to kill any organisms that might be
present in the wosl, T s diffienlt to aie dey lam-
ber guicldy enough to prevent infection, There-
fore if the lunber iz not to be kiln dried Home-
diantely, and eapecinlly if it is to be shipped before
segzoning, it should be given added protection by
dipping in ong of the several antistain ehemicals
now im s (24, 8-804

In fimished sireraft or aiverat parts decay will
peither start nor progress if they are kept dey
{82}, In design and eongtruetion there shonld
be no unnersssary openings thyoogh which water
enn enter,  Protection is needed  pactionlarly
against eain, splagh from wet fields, and woter
used in washing.  COpewiogs at inspection plates,
pitot tubes, gnaoline guges, and the 1ike, shonld be
macde tight by gaskets or otlerwise, On some
models, joints, suich ns that between wing and
center section, or betwesn vertienl and horizontel
stabilizers, need special attention to closure hy
tight faiving strips ov otherwise.  Allerons should
not hnve exposed lightening holes at thewr ends,
Openings through which pedal rods or control
eables pazs nto structueal members are safer of
prrotected by boots.

Conatruetion shonld be sueh that aoy water thar
does et i cannet accnmalate o retain in any

——

flenlle numdsers In pureptheses oCor to refereaces gleen ot
ool of pectban

doa

part.  Properly placed deain linles are essentind for
preventing decay of sircraft in use. Dreainoge
Ioles should be at the lowest points, At teailing
edges of wings and ailerons, decay commonly de-
veloyes if the draine ave 2 or 4 inclies in front of the
trailing-edge strip; they shonld be at the edge,
anid where metal trailing edges are vsed the denios
ghonld be in the metal itself. Tn fabric-coversd
girplanes cove is needed to puneh the holes cleanly
to provide the Li-inch opening that is neeced,
Dirains a0 placed that water and divt can et into
thew during lundings made on wet fields can be
protected Ly movine grommets,  Perhaps some of
the fine or other thin members can be entirely
senled, but the safety of omitting drains cannot
be judged weeil the possible importanee of in-
ternal maoisture condenzation has been more Lo
oughly studied,

An aidded safeguard against decay at teailing
edges would be to make the trailing-edge strip
from beprtwood of one of the more decay-resistont
epecies,  Tmpregnation of wiveraft parts with
chemical presevvatives is not compntible with
present gluing technigques, and the sorface treat-
ments with presecvatives are of such limited efffec-
iiveness that their use does ot justify any slack-
ness i provision for kesping wood Jdry.

Lo slipping o stoving aiveraft and aiveraft
parte the greatest cnve should be taken to prevent
witer getting into the crates, . It is safesd to un-
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pack cvated airplanes and parts as soon ns prac-
tical:dle after receipt ; if parts mnst be stored whers
there is any chance for water to reach them, they
should be placed with openings downward o that
water will tun out rather than in, Lack of air
civenlation, eombined with high atmoespheric hu-
midity and temperntuve, affords a favorable con-
thition for the growth of wood-inhabiting fongl,

LRIV, Decurrence of stoining fuagi. Wood
may stain ot any time after the trees are felled so
long as the moistare eontent vemains favorable for
the growth of the fungi. Staining fungi normally
limit their activities to moiat sapwood ; probably
the heartwon] i not switable for their develop-
ment. Mozt discolarations cansed by molds and
by the enrly stiges of staming fongi may be
prhanied off, but Toth rolds and staining fongi may
penetrate deeply in the woodl in o faw davs, In
general they do not materially affect the strength
of the wond, but in very bad cases the tonghness
oy b veduces] (2<F). Fungus stains are gen-
erally conzed by the eolor of the fungus threads
a5 seen thraugh the eell walls of the wood, atthough
in sone cazes soluble pigments excreted by the
fungus actually stain the weod. The colove men-
erally vary from steel gray to bluish biack, but
vellows, veds, and browns sometimes eocur. The
Liyphae ave feeguently concentrated in the vays

23211, Aling in conifers,  Among the conifers
or sedtwoeds, sprace, sugar pine, western white
pine, ponderosa pine, and soulhern yellow pine are
very suliject to sap stain, especially Blue stain,
Koble fir and vedar are not so commanly affected.
Dronglas-fir and western hemlock are intermediate,

(a) Blue stain (Cevatostomalle spp. ol
ciher fungi), Figure 2-80 shows blue-
slained pine sapwond.  This appearance
istypical of blue stain at @ well-developed
stage in the conifers,  As the stain devel-
s, Hie entive saporaod becoines davlk blue
gray aud may beeome almest bluck. At
this stugme the tonglness of the wood may
be considerably reduced.

A Hmited amount of Blue stain sonetines oo
curs i the heirtwoo] of Sitha sponce
amd the vedis, It should not be con-
fused with the diffuse blnish ov purplish-
gray discalovation that acenrs in the auter
henvtworn] of noble fir,  The Iafter seeins
to ba aceentunted by an oxidation that
toles place after the tinber 1= enl, A
similar discoloration frequently ocenrs

in Denglas-fir, marking the outer margin
of an aven infected with a wood-decaying
Tungus,

(6) Bed stain in Sithe spruce. Besides bine
stain, @ spotty ved stain 15 smoetimes
foumd on both the sapwosd and leart-
wood of Sitle sproee airplane lumber
[(#-1}. Om the rongh lomber the stain
appenrs as terra eottn o brick-red spats,
viving Trom o very faint to a pro-
pommesl] color, Tt is superbicial, nsually
surfucing off during wmanulaeture,  This
vid stain does ot mar the appearanee of
Sitka sprnee o the same extent as blue
stain,  Se Tor as is known, the strength
of the woel is not reduced by the an-
identified fungns cansing this discolorn-
tioi,

A simitar veddish stain frequently oecirs on
the sorface of western hemlock heart-
wood.  This stain, howaever, diffuses over
the surlfnce. It is not cansed by Fongus
aetion but seems to be the vesult of an
oxidation of some of the extractives in
the weod that seenes during slow deving.
Thiz stain is genevally superficial, ax.
Lending no deeper than about a sixtesnth
of an inch, wd would be planed off in
manfacturing.

(e} Brown stains, Chemical brown siains
ovent during either air seasoning o kiln
dyying,  These stains may ocenr as yel-
low toe davk-browin dizeoloations o ave
nost noticenble ot sapovood and heart-
wond of sugar, pondeross, eastern white,
andd oceasionally  western white  pines,
The brown stain accwrring doving kil
deving i of s ehemieal vature,  Brown
stain ecomrring during air seesoning may
e cansed by fungi. The canse of the
cliemicnl hrown stains is not knows, but
they seem to vesult from the deposition
andd oxidation of extractive materials as
the motsture of the wond 15 evaporied.
When chemical brown stain occore it is
frequently just below the surface of the
Bonvds and is therefore selidom detected
wntil after planing.

Druving deying Sitka sproce may beeonne apotted
go that the ploged wond lae the appeavance of
being blotched with “grease spote”  These spats
are shallow and should not affect the wood. In
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Figwre 2-58, Pewed sonthern vellow pine boned showing dypieal pap efolo.

weetern hemlock and noble fir deposits form at or
neny the surface of the boerds so that when they
ave ploned they have a dark streaked nppearance.
Dweper planing vsually removes such discolora-
thomgs

The surface of western hemlocl and noble fir
bonrds frequently becomes brick red during sea-
soning, The coloy is superficial and shonl] plane
ofl.  This iz not cansed by fungus infection, bt
zeeims Lo be cansed by some oxidation. The stain

1140

develops a2 o vesult of exposure of unseasoned
wood to the air,
23212, Neains in hardwosds.

(e} Blue or browen stain (Ceratostomella spp.
and other fungi). Stain in the hard-
wooils 15 caused by fungi similar to or
identical with those attacking softwoods.
01 the hardwoods, sweetgum i the most
susceptible to snp stain,  Swestgum and
yellow-poplar logs frequently beeome
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stained by the fungug growing i from
thie ends (fig, 2-100),  Tnless logs are to
bie sawed within o short time the freshly
cut ends should therefere be treated to
prevent the orowth of the staining Tungi
(2-0, 2-30). The stuin may extend en-
tirely througl the supwosl, 1t 15 easily
recogmined after once being seen el is
not lkely to be confused with deeay. In
greperal, stain ia often most intense iy the
wooll ravs and Jarger poves or vessels
Imo o weognl, suel ns yellow Liveh, in which
the vessels are not closely erowded, the
statm, if not too severe, appears in longi-
tudinal sections oz very varvow bloish-
black lines or streaks following the grain
aof the wood,

Fellow stoin. A vellow stain cawsed by
Pewicdllivm divaricativn is often present
iieonk omber. Tt is detected most easily
o freshly surfaced wood,  The vellow
color appmeently 15 cansed, al lea=t i
part, by the dyeing of the wood by a
water-anluble substanee prodnesd by the
fovgus I the fungns works sufficient by
g the bonrd will become vellowed
throughot,  Tamber sepsoned withon
delay after it is eut awd then stored in
a dvy place shonld wot become =t ined,
bt added protection may be given by
dipping or spraying the lunber with an
antistain ehemical.

The move or less peneral yellowing of the

R

surface of sowe aiv-dried vellow-poplar

Tumber seems to be cansad by chemical
action, not by o fungus, The yellow is,
I most enses, more intense ab the end of
the growth ring and nsually does not ex-
tenal into the wood more than a siztesnth
of an el Tt is uot knewn to affect the
strengtli, It may, however, be confused
with dlecay, siiee many  yellow-poplar
devays are straw-colovel or brownish,
Thug, where yellow dizeoloration of the
sapwordd  appears after sorfacing, the
wirndl shonld not be naed in stressed memn-
Lers, on suspicion of deeny,

23218, fleearrence of aroed-decaying | Foangi.
Some fungi consine the cell walls cansing decuy
of the wool,  JFven in the eavly stnges of decay
the strength of wood may be considerably vedueed
(5-11). Xn living trees the wood-decaying fune
nsually confinge their activities to the leart wood.
After the trees are felled, however, the so-called
stormee rots wttack the sapwood fivst, as & rale, and
later may spread to the heartwood, Al sapwond
ig auseeplible to fongus detevicration, but the
tlecay resistanes of the leartwood viries consider-
ably with the kind of woml.  Since all airepaft
Inmber shonld be so handled that fungns infection
does not fake ploce, the diseussion here 15 st
eoheermed with the infections that might De present
when the Tl is cut.

aneld. Detertion of decay, Tt is usnally w
simnple mtter to recognize well-advanced rot or
typicul decay where the changes in wood structore
are canssl by prelonged aetion of the waood-
desteaying fungus, The early stages of decay ave,

2-108, Hop stoda fh aecel v Cenesr,

The slain grighnaled i o Fog thal kad fofe foo Tong an the grosed,

m
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however, far from easy to recognize. In some
cases detection is practically impossible without
n microseopionl exnmination of the wood.

Tueipient decay usually appears as a discolora-
tiom, in some cages prenounced, in others so faint
ws to be practically invisible. It rarely ends
ahruptly or evenly, bt nanally fades ont in one or
more irvegnlar strenks,  Such streaks vsnally ex
tend not rmore than 5 o 4 feet, measnred along the
grwin of the wood, beyoud the typical deeay. In
eoftwoods the discolovation doe to decay as ole-
gerved on on ocross seolion may be distinguished
from the novmally darker bands of heartwood by
observing whether or not the dackening follows
closely a definite proop of annual vings. I so,
the color variation 18 probably normal; if, on the
contrary, the discoloration pattern is indepeiadent
of the ving pattern, the color change may be o
symptom of deeay,

Incipient decay should be, and usnally is, ve-
jected at the snwmill. Tt is move easily detected in
the original board because it is ordinarily con-
nected at one end with well-developed and recog-
nizable decay, nnd also becanse, when the lumber
is preen, the discolorations indieating ineipient
decay are morve intense than after the wood has
been sensoned or exposed to the lHeht for seme
time, A dreastie vejection policy at the trimmer is
the most effective safermard, The distanee to
which apparently sound wood muost be vejected be-
canze of adjacent decay iz vsually very short in
the vadial direction, semewlat greater in the tap-
gential, and varies in the longituding divection
frome a few mches in most hardwoel rots to as
mtch ae o dozen feat for o few Tungt v conifers
(g-1).

In inspection at later stages of grading and
mannfocture, safe jodgment depends fist on
thorough acquaintance with the appenrance of
normal wood of the species being inspected.  The
so-eulled pick test, which depends on the pressura
required to fovee a sharp point into the womd or
o turn upe o splinter with it or on the character of
the splinter that is turned up, is as commenly em-
ployed for detecting brashness cansed by fungi as
it is for brashness due to other eauses, and is be-
lieved helpful by many expert graders,  However,
it has sometines cansed much umnecessary rejoc-
tion, wnd neither this nor any other known fest
that can be used by am inspector is a substitute for
the expert lmowledge of a species that iz acquired

12

by experience.  Soine types of decays are described
in the followmg paragraphs.
DA21E Pecay doveloped in sfonding frees,
1. Conifers.

) Ring-zeale fungns ( Fesmes pind). One
of the commonest decays in arplane
lumibser iz that cansed by the ring.seals
Tungus in the heartwood of living
trees, It is known by varioons names,
snch as 1ed rot, ved heart, conk rot,
white loneveomb vot, pecley wood rot,
and ving-seale vot. It may oconr in
practically auy  species of  conifer
jsoftwand), but is most corimon in
sproce, Donglas-fir, hemlock, iz, and
pine. It is readily vecognizable 1n its
typical stage by the fact that the heart-
woiml 18 honeyeombed with small white
pockets in which the woo i3 reduced
to u soft filwous mass, the poclets being
separated by frnaoud apparently sound
wond.  Figure 2-101 shows typieal
decay of this chsracter in hemlock,

While the typical decay has practieally the
e appearaice 1 various species of
woodd, there is considerable diference
in the incipdent decay. In Donglos-fir
the incipient deeay appenrs, gensrally,
as & gone of reddish-purple or olive-
purple diseoloration, gradually tuper-
ing and becoming Tainter s it follows
the grnin of the wood until it is lost
entively.  The eolor is often most pro-
nouneed in the outermost hesviwonod,
just where it adjeins the sapwosd.  In
s cases it appenrs brownish against
the ved or vellow heaviwood, Some.
times it is bounded by a narrow zone
of provounced ved eolor. Where the
ineipient decny beging to merge into
typical decay, seruting will msoally ve-
veal indications of the pockets, Ver-
ticnlly the disesloration may extend 10
feet or more i advonee of the pocloets,
but radially its spread is limited to 2
or & inches bevend them,

Tn white and red spruce the incipient. decay
of ring-seale fungus fret appenrs as
ngrayish discoloration in the pale yel-
lowigh or veddizh brown of the normal
heartwomd, The grayish discolovation
deepens to brown, but it is wever so
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Figupe 2-100. Typeal pochef rod i hesloek,

pronounced as in Deoglos-fiv.  Nixt,
the poclels appear, visible at fivst as
tiny black lines following the gram
of the wood, bt soon revealing their
true charneter. In Sitka sproce the
tiny bluck bnes preceding the forma-
tion of pockets are not found.

In western hemlock, the incipient deeny 1=

indiented by o pink to reddish-purple
eodor.  In advaneed deeay the poclets
pre spindle shaped.  They should not
be confused with floccosolds  {sec.
2410, Brown or black threadlile
lines arw present in badly decaved wood.

The yellow pines first show ring-scale

fungus deciy by a proncunced pxink
calor, which rapidly zives way Lo ped
brown ; hence the name red rob and red
lenxt,

In Culifornia ineense-cedar, Port Orford

white-vedar, western  redeedar, and
probably other cedars, the initial decay
procluces little or no  discalovation,
The fivst indieation of a dizensed con-
dition of the wood iz the appeaqrance
of the peckets. Henee thers is no rea-
gome for wstaking the purphsh-red
eolor, normally found in the heartwood
of California ineense-cedar and west-
ern rédeedar, Tor decay,

(B} Chally quinine fungus (Fomea lavi-

cia}. Chalky quinine fungis camses a
pronounced decay in the heartwaood of
many sofiwonds, The typical decay is
& brownish-red, friable, crimbly mass
breaking inte culical fragments and
often with congpicuons myeelial folty
filling the cracla in the wosd.  Tn many
cages the ineipient deeay is accompa-
mied by an extremely fwint browaish
digeoloration that 12 not discernible to
nny bt the most expect eye, althougl
the wood at this time moy be severely
weakened, In pondarosa pine, ow-
ever, Lhe incipient stage can be faiely
eigily recospized as o rved-Drown or
provounesd brown discolorplion mn the
pale  lemon o hght orange-brown
henrtwood, The discoloration is not
mniform over the entive portion af.
fected, but may oeeur on sawn lumber

Cin bamds of varyving color intensity,

sometimes intermingled with mareow
bands of the normal hesctwood. In
rroes seetion the infected wond presents
a nottled sppearance, The horizontal
lirnits of the discoloration are bounded
by o narrow band of prononnced pimk
o red. At the apper limits of the in-
eipienl decay the discoloration becomes
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fainter until it finally disappears. All
the discolored wood, except that in ae-
tual process of disintegration, seems to
bie hard, firen, and strong, but in reality
it is eerionsly wealened.

Velvet-top fungus | Polypares soksin-
itzit), Velvet-top fungus canses a
redeish-leown, crumbly rot breaking
into cubieal fragments, which i3 con-
fined to the butt heavtwood and the
roots of the tree. The myrelinl felts
are very fine andl ineonspienons. As a
rule, the incipient decay is very diffieunlt
to detect. In Sitks spruce it fivst be-
eomes evident as pale yellow to lemnon
yellow strenls or tapering bands, At a
later stage the streaks or bands are
sealy to extend longitudinally beyond a
light  wellowish-brown  to veddish-
brown discoloration which elmracter-
imes the morve advanced attuck of the
fungos, At this stage a softening of
the wood is apparent. In Douglas-fir
the incipient decay s first evident s o
faint yellowing or browmng of the
normal heavt-wood.  In western ved-
owdnr, velvet-top fungus infection, or a
similar decay, is fivst indicated by a
decided despening in the color of the
normul brownigh hewrtwood, the zone
of disceleration extending horimontally
for several inches avound the typicai
decay and for a foot or more upward
in the tree in advance of it

() Indisn paint fungos (Eolinodandivm

Hactgriwm).  Indion  paing fungus
cnses a stringy brown vot in the true
firs in the western United States, being
especially prevalent wnd severe oun
white fir. It also ocours in western
hemlocl,

In white fir the first indications of this de-

cay on o radinl er tangentinl surface
wre Bght-lrown o1 wolden-tan spots or
larger arvens of discoleration in the
light-eolored henrtweod, whiclh may be
aecompanied by small but cleayly dis-
tinet vadial burrows, resembling sene-
what very shallow inseet buerows with-
out the deposit of excrement. These
burrows ave not ensily defected 1o eross
seetion,  MNext, rosty veddish streaks

appenr following the grain, Through-
out this stege the woml may appear in
other veapects quite pormul, bot in
veality 1€ 18 =0 meally weakened that
boards yay =eparate along the ainnal
rings when dried.  The discoloration
intengifies, the wood becomes soft,
showing a decided tendeney to separate
in the springwood of the annnal vings;
finally the typieal stage is reached, in
which the weod 15 brown, with pro-
noneed rusty veddish stveaks and fi-
brous and stringy texture, Hence the
name stringy brown rot is commonly
apphied to the decay in this typieal
gtnge. The incipient decay nsually ex-
tends from 2 to 6 feet bevond the typi-
eal decny.

In western hemlock the incipient decay is

mueh havder to detect, becanse {he
initin] dizcalotation, above described,
wit closely approximates the pole-brown
color, slightly tinged with red, of the
uorinal heavtwond, The wood fivat ps.
gumes a Taint vellowish color, which ig
somethmes intensified by the prezsence
of small, hardly discernible brownish
arens.  These areas luter develop into
the typical decay. The extension of
the incipient decay beyond the typical
lecay varies from 1 ta 5 feet.

DH2LG, Trevay developed dn sfandiing trees.
&, Hardwoods.
{a) White heart roi fungus (Fomes fropsi

nophiline) attacks the heartwood of Tiv-
ing ash trees in the Mississippi valley
and produces a very charaeteristic vot,
O croas section the fivst indieation of
the decay is o brownish discoloration of-
tern dliffienlt to distinguish from the
normal grayish broww or redidish bravn
af the heartwoad, The diseoloration
i= moat apparent In the broad bands of
aninmerwond,  The springwood gradu-
afly turns to o siraw cobor and amall
white spots appear on it On radial
{edge groin) and  tangential  (flut
grain) faces of lunber the spots appenr
us strenks or blotehes, wsually follow-
ing the grain but sometimes at right
angles to it if the decay follows a wood
Y.
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As decay progressss, the whitish eolor gead-

wally beeomes more marked until the
eutive springwond is affected and ap-
pears disintegrated.  Then the fibers
full apart, The svmumerwood passes
through the sune process, bt mers
slowly, so that in the earlier stages of
twpical decay the wood has o banded
appearance, The completely rotted
wond is whitish or straw eolored, very
aoft wiwl spongy.

The white spotz ave the fst visible devel-

apinent of the mycelinm of the fangus
Henewr, wood with the brown diseolara-
tion alone need not necessarily be re-
jeeted, but it should be clesely seruti-
mized for more advaneed decay,  Pref-
erably touglness tests should be made
an such material to determine whethar
it possesses sufficient strength. The in-
cipient decay is somewhat obacured in
rongh lumber, but ia nsoally essy to
recognize on smooth surfaces,

(&) White henrt rot of leech, Birch, maple,

and oal: (Fomaer fgniaring and other
fungi). The fArst indication of the
incipient decay eaused by some white
heart vot fangi is a brown discelora-
tion. uet very apparent agninst the
veddizh-brown henrtwond,  Next pale
strenks appear, which finally torn vel-
lowish white and becone plainly evi-
dent wgninst the dark bockgromul,  In
the center of the strenks small spots
ave found in which the vellowish wiite
wood appears to have callapsed.  Fig-
uve 2-102 ghows this rot in rotary-eut
veneer,  The lomg axis of the spoiz ia
nznally parallel to the graim, but n
somne cuges may be at vight angles to it
Op to this time the wood, even that
which appears eolbapsed, {= fairly firm,
Whitigh streaks or spote may be found
as el as 8 feet in advance of the Lypi-
cal deowy.  Next the streaks mevge, the
wood becomes soft, and finally the en-
tive volime of hesrtwood affected is
redluced to a yellowish-white fibrous
IMss,

(¢} White pecket rot of onk {Polyperes

deyophiles and other fuug). In the
anseasoned heartwood of cals the aren

of ineipient deeny of this conmon type
of rot Tag a water-soaked appearance,
bt when the wood 15 div the disealora-
tHon becomes light to medinm breown in
celor,  The disceloration may extenmnd
from 1 to 10 feet In advance of any
cther indieation of the decny. The
next stage, which is best sesn on au
edge-grain foee, 15 chavacterized by
whitish spotsor streals, nevally follow.
ing the wood vays, which praduce a
mettled appearanee of the weod. In
the final stoges the decayed wood has
a while, stringy appearance and, al-
theugh fairly firm, 5 worthlegs as a

material of construction
(e} Honeyeomb heart rot of oak {Sferenm
sulpifeatum), The firet indication of
honeycaomb heart rot in cak is a slight
witer-sonked appearance of the fresh
heartwood.,  When the wood is ey this
“soak"™ becomes light brown.  Nest,
isnlated bleached areas appear in the
digeoloved wood and within these avens
are seen @nall ivregnlar whitish pateles
that develop into pockets with their
leng axes parallel to the main of the
wood., The pockets inciease in nannber
until the affected woed is full of then,
They are from one thisty-seeond to one-
foarth inch wide by onefourth to five-
eighths inch long and arve lined with
cottonlike fAbers. At this stage ihe
honeyeomb leart vob is similar in ap-
peprance to the rving-seale fongus de-
cay in comfers, previously deseribed.
Later the cottony lining may dizappenr.
28217, Types af decay in logs and lpmber. In
ndlidition to the wood-destroving fungd that attack
hiving trees, there are Tungi that meow only or
principally on wood in the form of logs or Iomber,
Sapwosd is soon decayed if kept under moist con-
ditions, but heartwood of some species is very de-
cay vesistant, Decay by sueh fungi is sansed by
improper handling of the timber daring storage,

manufacture, or vse.

(a) In conifersus logs and lumber, rot iz
conmonly cinsed by Lenzites sepiaria, L.
frobea, or Fowes pindcslz. In typical
decay the wood is brown and frinble. In
the enrly stages of decay, infected wood
iz darker i color than the porwmal,
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Sometimes the early springwoed of the
punual vings may be completely decayed
while the summerwood is seprcely af-
fected, Tu this condition the wood sepn-
rates vendily along the annnal vings.

A brown vot has been enconntersd m aiveradt

Sitln spruce lumber, Most frequently
the votted spots ane very small, but some-
times they form streaks.  The boundary
between decayed and sound wead is not
sharvp, There i o rradoal transition
from the badly decayed spots to sound
wond,  The eanse of this decay is mot
known,  The inciplent stage us seen on
the sorface of quavier-snwed boarda

Figure 2-10%. Fomes londaring rod i roforp-osd poliow drok sencer

{B)

might ensily be confused with the “mrease
apots™ described in section 20211,

In lavdwoeod logs and lwmber certain
fungl (Polyporus versicolor, Steveum
hivgutian, and others) canse sap rots that
are very diflienlt to detect in their incipi-
ent stages (2-%). The first indieation of
decay 1% o faint whitening of the disensed
waood.  The typieally decayed wood is
white in color, very light in weight, yather
soft, and easily broken in the hands
This type of desay is mest common in
harlwoods, although it oceunrs fo some
extent in softwoods.  Under proper stor-
age condittons it shonld not be found at
all,
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A derny occurs in sweet biveh, sweetgum, and
vellow-poplar in which the infected wood
is light in color with thin black sone lines,
The lives are a cevtain ndication that
dlecay hing progressad sufficiently to canse
eonsiderable weakening even though the
wood zepms hard and firme In yellow-

poplar the infected wood 15 frequently

pink in color,
2218, Variation dn eolor of aownd  wood,
There i= considerable varintion in the matural eolo
The enuses of such variations ave not

of wonds.

clearly understond, However, in Silka spruce
veddish strenks frequently oecur that have the
appenranee of being infected with eertain fungi
Seine of these streaks might be ealled resin streaks
sinee they generally extend from o resin pocket.
Dpon elose examinetion i€ moy be seen that the
eolor is emused primarily by depesits 1 the vy
eells. T this way they differ from inciplent decay
atreaks in which the eolor is not concentrated in
th vava.

A purplish gray staiu ocewvs i noble v, Itis
typieally more fntense nl the junction of the lenrt-

Figure 2=003, Lighl gtveak dn the kenrfispod of geliire kicch,

nr
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wond and sapwood, but the ealor frequently ex-
tends well into the heartwood, It may be solid
ov in bands ssparated by heavtwond of lighter
eolor, It 1= nol evidence of decay, and is to be
reearded as a normnl eoloration,

[ yellvw biveh the supwood may vary from
nlmost white o liglit orange yellow, and the heart-
wond may vary from very light yellowizh brown
to dark reddish brown [2-5). In general, uni-
formity of color over extensive aveas, pavticularly
in veneer, may be taken as an indieation of nor-
mality, but frequently discolorations occeur, which
im rotary-cut veneer show up as narvow bands of
eolor merging gradually into each other and von-
ning parallel to the grain.  Predominant shades
ave greenish brown, olive, yellowish brown, and
grayish brown. The eolors nre not brilliant as
they are in the heariwood of yellow-poplar.
Such discoloved veneer iz often fuzzy to velvety
bt the veneer does not ssem to be always infected
by fungi.  Light streaks scenr ocengionally in the
heartwond,  These may be ®included sapwood.”
Figure 2-108 shows such o streals,

The heartwood of sweet zum 1s frequently highly
fizured aud i either walnat brown oy gray brown.
Bueh wood i a5 strong ns plain heartwood (2-97,

There iz a wide variation in the color of vellow-
poplar (£-7). Good sound heavtwond moy be a
pure yellow-bnfl or greenizh vellow strenked with
varying widths of blackish zones ov it may vary
from pure yellow-bufl through many eolors, such
az yvellow, greenish vyellow, vellow green, dark
green, lavender, purple, purple brown, and red.
If the heartwaood iz white, warm boff, enlmaon buff,
vellowish brown, or brown, decay should be
snEpecied,

23210, Steing gnd decays voferences,

{211 Borer, I 5.
1R, Decaps and  Digeolorations v Afrplinc

Woada, [, & Dept. Agr, Bual. 1191,
2 pp, lns,
, AR Herrres, (Guosog H.
10488, Dopoy of Woad i Afreeefl. Forest Poth-
alogy  Bpecinl Release Xo, 12, 4 g
| MiEnes, b
(33} CHarsan, A, DALE, a®p ScHeFyvcr, THEODEE O,
1040 Effect of Blae Stale on Bpecifie Gravity
ml Sfecrgtk o Eeathere Pine,  Jour,
Apr. Fos 61 : 125184, )
2} Forest Pathologr, Borean of Plant Indestey
1840, Towee ond Prevenfion of Blee Stole i
Word, Forest  Prodocts Labovotosy
Tech, Note 225, 4 pp. Bev, Sepe. 1941,
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Products Loborotory Repert Mo, 1377,
T . MMus.
{24y Flanriey, CARL, axn ScHEFFER, T, O,
1ML Revomsicnded Proofies for Costeolling Saj
Elain i Apveraft Vellow-Poplar Latiber,
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(2-T) Heeriws, Grogee H, Rorea, Eruen B, a¥o Lux-
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(3-8 RomEerrin, THEECDOGIE
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Tech, Bal, 62T, 46 pp., il
(2901 ————, axp HawemnovsH, Jows I,
12, Phe Signiffcanse of the Digolivationg in
Aireraft Veasers:  Mwdetpi, Poreest
Prodluets Labecatory Heport Mo, 1376
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2.4. Reguirements for Wood in Specific Parts

240 Gexepan. The amount of perfect lnmber
of any species in the larger sizes used in aiveraft
is limited, but greatly increased quantities of suit-
able material may be ohtained by the judicious
utilization of =maller szes through the moderm
technigque of spliced and luminated constrnction,
and by o proper nndevstanding of so-called blen-
ighes and defects as related to strength. The in-
fluence of certain blemishes or imperfections is
frequently overempliasized, cousing unnecessary
wejection of suitable material. Furthermore, since
the effects of defects depend not only on their
charvacter and =ize, but alse on their bocation in
the piece and on the kind and magnitude of stress
to which the piece is subjected, it is both possible
aund practical to admit some defects and to so
effect. their limitation and placement in finished



Downloaded from http://www.everyspec.com

parts that they do not reduce the strength. The
tolerance limitations for blemishes and defects
sl forth herein are so established as to provide
maximum utilization of material without sacrifice
of stremgth. This vequires limitation of defects
according to the chavacter of the member and the
position of the defects in it, amd forthermore ve-
quires considerable detail in describing the per-
missible size and location of the defects. The re-
quirements apply in general to parts made from
any species of wood, although the several tvpes
of defects for which restrictions are provided do
ot ocenr o all species ad aome defects ather
than these mentioned ave found o some species
Admissibility of such defects must be judged on
the basis of their equivalence to those permitted,
In this connection careful attention should be
given bo the discussion of defects and their effects
as presented in gection 2.3,

G40, Dhefinition of “Lemdnation.” A lomina.
tion may eonsiet of a single piece or of two o more
pieces edee glued to form the requived widtly o
depth.  Edge glue lings in adjacent Taminations
should be stagrered not less than the thickuess of
the thicker Inmination (fig. 8-108],

AN, Requiraanents for annual ring divection,

Requirernents for the nse of flat-grained or edge-
grrnined materind ave bosed on consideration of the
gtability of dimenston nmd shape and are not speci-
fied becanse of any difference 1 strength. Edge-
grained lumber sheinks aml swells less i width
than does  flat-grained  lombar,  Consequently,
chunge in the vertieal dimension of a spar with
changes In moistore content during manufacture
and agsembly, as well 08 in service, is ninimized
by maliing its vertical face edge-grained. Tor-
thernaore, edge-grained materin] 1= less subject to
cuppng pnd warping than s fat-grained. In
general, the nse of flat-graimed and edge-grained
laminationg in the =swne assembly zhould be
avnided.

DaHEE, Dreginitions of “Edpe-grained” and “Flat-
greained,”  An eidge-prained board, peit, or lana-
nation is defined as one in which the anual vings
mkee an angle of 45° or more with the wider snr-
faces; a Hat-grained board, part, o lonination
is defined as one in which the annnal rings male
an anigle of less than 457 with the wilder surfaces,
Edge-prained and fut-grained fuces or sucfaces
are sinilarly defined,

241, Regumemests GENERALLY APTLICATLE To
Art, Woop Parrs,  The vequirements given herein

us being generally applienble to all wood ports
ghonld be considered to be in additien to the re-
quirentents for specific parts given in later see-
tionz wnless, in such sections, specific exception
is madle.

2410, Slope of grrain.

24100, Regquirements, In general the slope of
grain i any part with respect to the longitudinal
pxiz of the purt should be not steeper than 1 in
15 In tapered members subject to nonmiformly
distribnied tensile stress the slope of grain shonll
L easured with vespect to the genter line of the
face at which the teusile stress is greatest,  The
glope of grain within the middle half of the depth
of solid or liminated gpars may be permitted to
e ns steepas Lin 10,

24100, Local deviations of grain élope, Tt 13
obvious that loeal deviations of rrain invoelvine
slopes steeper than those permitted will sometimes
be permissible. Tt iz difficult to set up definite
requirenients for permissibile Joen] grain deviatios
which will be valid or applicable to all cazes, sinee
the type, magnitode, and location of such devin-
(ioms vy mreatly.  Hence, it 18 essential that in-
gpectors nse a certain amount of discretion and
judgment relative to material having local grain
slapes slightly steaper than the specified vilues.

A menern]l véguirement for solid or laninated
spars is Ut no grain deviation steeper than the
gpecified valoe of 110 16 should he permitied nan
outer eighth of the depth of the spar. In an ad-
jueent eighth deviations involving steepar slopes
gneh as a wave in a fow growth liyers ave nnlilkely
to be harmful.  Local grain slope deviations in
expess of those gpecified will be pernattad in spor
flanges only in the inner one-fourth of e Nange
depth, This applies to both solid flanges, aml
horizontally or vertieally laminated Hanges,

24102, Combinations of grain sdope. When a
pieee has diagonnl as well as spiral graim, the effee-
tive grain slope will be steaper than either of the
two slopes considered individually, This esm-
Lined slope may be determined as outlined in sec-
tion 248082 References to slope of grain relate
ten Lhe combined or effective slope and ave not to be
construed as pertaming to only one or the other
of the two types. Spiral grain is difficalt to
detect, and for this renson wneh eloser Inspection
is meedded than for the detection of diggonal grain.
It iy be noted {see table 2<11) that for a per-
missible grain slope of 1 in 15 ne eonsideration
need be given to the ecombined slope when neither

e
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the diagonal nor spiral grain hos o slope steeper
than 1 in 21

24108, Permissibls devietions from slope of
gnin vequivemants, o the interest of conserving
material, the aireraft menufocturer mey desire to
relux the reguivement on slope of grain for those
portions of members where stresses are low, Re-
quests for sneh devintions should be submitted to
the procuring ov certificating agency for approval.
Consideration of such requests by the appropriste
ageney will be based on revised marging of safaty
prepaved Ly the aivera fi mamifacturer in accord-
anee with the appropriate correction factors con-
tained in ANC Bulletin 183, Design of Wood Atr-
craft Structures,

2411, Nearf jodnds,

24110, Reguirements. The following require-
ments apply to all scarf joints in solid or laminated
aivernft parts:

{1} The slape of searf shoald be not stesper
than 1 in 15 unless the sireraft manufae-
turer obiaing specifie deviations from
the procuring or certificating apency on
the basis of adequate movging of snfety.

(2) The divection of scarf should be related
to the direction of grain slope as speei-
fied in section 24111,

(%) In laminated members the Tongitudinal
distanes between the nearest tips of senrfs
in ndjncent laminations shoold be not less
thon 10 times the thickness of the thicker
lamination {fig. 2-104),
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Figure 3-104 Winlmuw peradselble fonglindibel sopmems
Ligay af sewrf joinda da wdjacend leminoflone,

24111, Effect of sloping grain gn soarf joints.
The proportion of end grin appesring on a
seurfed surface may be greatly inereased if the
materinl to be spliced is somewhat crosegrained,
and the searf is made “aerese" eather than in the

120

general divection of the grain, Since end-grain
gloing is move diffienlt (and results in wealer
joints) than side-grain glung, it follews that
where eyoss grain within the specified acceptable
limita 15 present, all scarf ents must be made in
the meneral divection of the grain slope (fig. 5-6T),

24118, Becommendutions in addition i veguire-
wmenfs. It is recommended that, in addition to U
specific vequirements of the succeeding sections,
{1} the number of scarf jointz be limited as moch
ns possible, (2) the leeation be linnted to the par-
tienlar portions of o member where marging of
safety ave most neequate and stress concentiations
ire ot serions, and (3) special eare be exercised
toemploy good techinigie in all phases of the prep-
aration, gloing, and presing operations, I i3
partienlarly important that these recommenda-
tions be followed in the eaze of solid spors and
flanges nid these having few laminations,

2412, Meisture ponfent, Euxch piece of lumber
at the time of fabrication ghall have been dried to
an averpge moisture content not less than 8 pers
cent and not greater than 12 percent by caveful air
drying, hy kiln drying in aceordance with the
latest imsue of Specification AN-W-2, “Wood ;
Method for Kiln Drying,™ or by o combination of
air-drying and kiln-dreving processes.  The sprend
in moisture content nmong lminations in the same
assernbly shoold not excesd 2 percent at the time of
aemembly,  Also, laminations should be dried to
guch w modsture content that the water added with
the glue will not raise the moisture content above
12 peveent {table 5-11).

Regardless of the method of drying, the require-
ments of paragraph G-3 of AN-W-2 welative to
frovdom from caze-hardening stresses, uniformity
of moisture content, ete, should be observed.

2418, Rings per dnck.  The number of anumal
vings in any 1inch mensured in a radial direction
on either end section of o lamination or of a part
should not be less than required by the Avmy-Navy
aeronputical specification for the species (table
2-14), If the radial dimension of the piece is
less than 1 ineh, there should be at lesst a pro-
portionate number of vings,

2414, Hpeeife gravity.  The specific gravity of
pny piece or part, based on weight aml volume
when even dry, should be within the limits given
in the Army-Novy acronantical specification for
the particular species of wood (table 2-14).
Methods for determining specific gravity are dis-
cuzsed in section 220, Some of the AN speci-
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Table 814, Liwils af Specific Gravily and Rings per ok in Cwrrent AN Sperifoations
| l Allowaitde wilies
I — ———— T — e T - -—
- R Bpeci i
Bperde= I AN ls__l?::'l":?“"' |l '!:vig_'.? || pu'rl-}llr..:ll
| A S N
I Il Minimum | Muginum | r‘f’,;r';'f,';':":""
e ~ _ |
Cedar, Port Opford [Chemascprjeeis loesoafaned o ..o 0 ! AM-O-T28 0o , [ ) ._.l 4
Fir, Drouglas-{ Feepdotsugn lerifolia): | |
Cln=s M __ e mm———fe ——— e AN=I-Ta | 5 S | 3
Class L. RS RRR B ¥. &5 5 | S | .88 047 | i
Tlr, nobabe {Abres moldiad - o e e et ANl L JEG O] fi
Hemnlock, western { Teuga keernghalia) oo oo _oo| AN-H—da.___._._ 40| - 6
Pine, caztern white [Pimus wrobas) ..o . e } AN-P=10 oo i R P i
Pine, sugur (Pinws domberliaral oo o oo oo oo ANSP-1OL Lo £ O T
Pine, western white {Pinas seonbiesla) .. e ANSPR ] - ) IS &
Paplar, yellowe-{ Liriodesdron dulipifara) ..o .o cee| AN-P-1THL Lo S P — i
Bpruce, rod (Fese vabed oo Lo ool SRR || |
Bpruce, Bitka [Piceq sllohensis) o oo oo oo -.-__IJ-'LN—H—E:L R l B 7 T D i
Hprues, white (Picea conadonsdal . oo oo oo aea

!
| | !

fieations list limiting values of weight per eubic
font, and these may be veed in lew of the speci-
fied vulues of specific gravity.

2415, Sapwaecd, Bright sapwood should ot
be considered a defect,  Alveraft partz should con-
form to current AN specifications with respect to
the permissibility of sap-stained material.

2A16. Fadented vings. Indented vings or “bear
seratehes” should not be considered defects,

#4107, Decay and stgin. Al parts ghall be free
Troam rot, dete, red leart, purple leart,? heart stain,
o other form of decay, Care should be exercised
to wvoid mistaking for decay some of the distine-
tive shades of color that ecenr in sound material
of varions species,

D418, Hhakes, splitz, ov compression foifures,
All parts should be free from shakes, splits, or
compresston failures,

D418, Surfecing of lominations. Laminations
should be smeothly surfaced and free from dirt or
grease on the surface to be glued,  These that in-
clude scarf or edge joints, or both, shonld be sur-
fured subsequent to the formation and gluing of
such joints.  {Bee also conditioning of glued
stotk, see. B25),

24190 Compression wond,  Compression wood
of such a chareeter that “cross breaks" (sec. 2.306)
are present should not be permitted in any part.

4 pusplah sobor aod ofBsr ocolorntisng are often oatural ped
mberent in gellow-poplor amd i€ tee weod s soopd these ore
arcoqiakde.

242 RpgummeMesTs POk Woop SPans axp Sean
Fraxces.

2420, Fensral, The requirenents stated for
apar flunges relate specifically to a one-part Aange
a5 in a typieal box spar with two shear webs,
When the flange iz divided inte two or more parls
ng in a apar of T-, nmltiple I-, or vonltiple box-
gection the requirements gated apply to each such
part.

“Vertieal”™ and “hovisontal” as vsed in express-
ing the requnements for sparz and spar flangses
refer respectively to vertical and chordwise divec-
tions in a wing spar, “Depth” and “width” like-
wise refer respectively fo the vertieal and chord-
wise dimensions of 2 wing spar or o flange of a
wing spor.  These terrms ave to be appropriately
interpreted when congidering a spar that is other-
wise positioned,

24200, Stradghineas, In measaring the devia-
tien from straightness, a member should ba so sup-
ported that it is not deflected by its own weight.

LA, Spars, The maximum devistion from
straighiness of o fimshed spar, prior to ifs as-
sembaly inte the struetore, should wol execesd Hhie
fellowing Hmits;

2
Maximum dt?iﬂtimz—(]—ﬁru) Sk mches in the
benmwise [vertieal) divection.

B
Maxivum c]c,i'imiu-n—( L ) J2h nehes in the

100
chordwise (horizontal) direction

LFd
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whers
Le=langth in inches over which the bowing
DUCTITE,

fe=dimension in inches of the member in the

divection of bow.

249000, Spar fonges. The maximum devia-
tion from straightness of o finished solid or lamni-
nated spur fange, prior to being rlued to the apar
webs should not exceed {10002 /2% in either the
beamwise or chordwise direction,

2AD002, Fraph for allowable bowing,  The
strpightness reguivements for a spar v spov flange
are veadily determined from fgure 2105, Fax-
ample, for a spar length of 16 feet (192 inches),
the allawnble beamwise bow for s spar 1 ineh desp
i read Trom the lower cirve as 0.03 joeh and if o
spir of this length i= 514 inches deep the allowahble
bow 15 003 514 =0.1T.

242001, fuers, Kunots are to be mensured on
the supfuces on which they appear. In the sub-
serpient defailed limitations of knots in solid apars
or spar fanges and in laminations for spave or
gpar fanges “size” means the distance between
lines enclosing the knot and parallel to the edges

of the faee on which the knet appenrs and “di-
ameter” is the minimum distance between paralle]
lines (in any direction) enclosing the knot {hg.
2-10), When the same knot shows on opposite
faces of o plece {spar, spar flange, or lamination),
the wvernge of the mepsurements on the two faoes
should be taken as the siee or dinmeter and this
averige shnll be ineluded but once in the som of
the sizes or diameters within a specified length or
nrea.

Io addition to the limitations stated no koot
shall exeeed one-half inch in size or dismeter,
Kotz leas than one-sixteenth ineh in size or
dismeter should be disregineded in wpplying lini-
tationg of individoal konots but shonld be -
cliuded in limitations of the sums of siees or diam.
eters.  When two or more knots ave close together
forming a eluster arennd which fhe grain iz de
Hected as a unit, the cluster shall be subject to the
samne limitations ws individoa] oo,

AR Compprrension woad. On an edge or on
an oufer quarter of the vertical fuce of 8 solid o
n hovizontally luninated spar or onany surface
of o solid spar flange, cempression woed should

£ [ L —I,fi | | —_—
7.0 E b —— % - —7-u »
. — _{
j- ] 1 L i ij '
. I_ — 3
[P R N mmlam e B P
FRART AN SRan FL ¢
— OF ST TR _,.-"'"" ol
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Figure 2-105. Slraightness rveguirements fov spors ard apar fonges
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Figera 3-T04, “Hize™ and “dinmeter™ of bnot,

not be permitted i streaks wider than one-fourth
inedi and the ageregate width of compression wood
on any of these surfaces should not exceed one-
sixth the thickwess of the spar, or one-sixth the
depth of the spar fanges, whichever is the less,

In vertically lnminated spars compression wodd
should not e permitted in streals wider than
one-fourth inch on an ooter quarter of the depth
of a lamination and the aggregate width of com-
pression wood in such an oubsr guarter, or on an
edge of the spar, should not exceed ene-sixth the
thicloess of the spar.

In the laminations of a spar flange, compression
woold should nol be permitted in steeals wider
than one-fourth inch and the agoregate width of
compression wood on the face of o lamination, er
on any gurface of the flange, should not exeeed one-
gixth the least dimension of the flange.

Within the middle half of the depth of a zolid
spar ¢ of a lunination in a vertically laminated
spar compression woed should pet be permitted
i strenfes wider than one-hialf inch and the aggre-
gate width of compression wood should not exesed
one-tenth the depth of the spar or lamination.

24200, DHhedral.  Dihedral in horizontally
larninated spars or spar flanges may be produced
by bending the assembly immediately after the
elue iz spead,  The minimun radive of curvataee
to which sny lamination iz bent should be not
less than 500 times the thielmess of that lamina-
tiom.

D431, Neguirements for sofid spors.

24210, Definddion. Asolid apar isa gpar whose
crose section is composed of o single piece of wood,

24911, Annval ving direction [fig. 2-107), The
spar should be edge-groined over nol less than
two-thivds the depth of bath verticn] faces,

24212, Kwats (zee also see. 24201),  Within
gither outer quorter of the spar dapih, the size of
a knot {on the edge or on either vertieal face)
ghould not exeesd g W {TW=the width of the
apar) ¢ the sum of the sizes of all knots (on the
edge and in the adjacent quarters of the vertical
foces) within any length egual to 5TF should not

ST 4—a1—0

excend 15 T and the som within any length equal
to T ghonld nol exoesd Lz W,

Within the middle half of the spar depth the
dinmeter of a lnat shonld not exesed 14 W oand the
s of the dismeters of all knets on one face
within o length equal to & W should not exceed
1y W,

FLAT GRAIH  (MANIMUA)

i
3h EDGE CRAIM  (MINIMUM)
| i
3

Figure 2-007, Anwial ring dirocdion roguirameits for
aolid apars.

24213, Piteh or bark pockets. A piteh or bark
pocket shonld be not deeper than 14 W) not wider
than 14 inch or 2§ W, whichever is the lesser ; and
not lenger than 2 inches o four times its distamee
from o corner of the spar, whichever is the lesser,

The distance, mensured i any direstion, be-
tween two poclets on the same face of the spar
should be not less than six times the length of the
shorter pocket and for pockets in the same growth
layer this dizstance should be not less than six times
the length of the longer poclel,

2,428, Reguivemants for horizonial leminated
Epars.

24, Peafindtion, A lhovizontally laminated
gpar is o spar in which the cross section is mde up
of two or more lnminations ghued together and in
which the prineipal glue planes are horizontal, In
gpurs that taper in depth, laminations should be
pavallel to the edge at which the tensile stress is
greatest,

Becnpuse of difficulties, waste, and duplication
invalved in the gluing, pressing, and finishing of
an assenbly whose depth in the direction of the
pluing pressure iz several times as gveat as ifs
thiclness {ag, for example, in a spar § nches deap
by 1 imch thicl), horizontally laminated spars
ghould preferably be mmde up in moltiple thick-
ness for anbsequent vesawing and finishing, vatler
than singly,

24921, Annwal ring dirgotion (fig. 2-108).
Laminations should be edre-grained on those faces
which will be vertical in the finished spar.
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ALL LAMIMATIONS TO BE EOGE-GRAINED
OM VERTIGAL FACES,

Figure 2-108. Annual Py direchicn reguiroments for
worizentally lombsated spars.

24292, fnotz (gee olso sec, 24201). Within
either outer quarter of the apor deptli, the size of
a knot in o lumination whose vertienl dimension
i greater than one-eighth the spar depth should
not excesd 1 W, the sum of the sizes within a
length of the lamination equal to & W should not
exceed 14 W, and the sum within o length equal
to W shonld not exeeed 14, W,

Within either onter quarter of the spar depth the
gize of o knot in a lamination whose vertical di-
menaion is one-eighth the spar depth or less should
net exeesd 1, W, the sum of the sizes of all knots
within a length of the laminotion equal to & W
should not exeeed 14 W, and the sum in o length
equal to T shanld not exeesd 14, .

Within the middle half of the spar depth, the
dinmeter of o knot in any lamination should not
excead 14 W oand the sum of the diameters of all
knots in o length of the lamination equal to W
shonld not exesed 14 W,

249223, Piteh or bark pockets. A pitch or barl
pocket in any lamination should ke not deeper than
1% W oor one-half the vertieal dimension of the
lamination, whichever iz the lesser; not wider than
14 inch or 14 W, whichever 18 the leaser, and not
longzer than 2 inches with the further requirement
that o poclset on o face of the spar should be not
lemger than four times it distanes from o corner
of the spar,  The distance, measured in any divec-
tion, between two pockets on the same face of the

\
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spar should be not less than six times the length
of the shorter pocket and for poclets in the same
growth layer, this distance should be not less than
gix times the length of the longer poclet,

2498, Requirements for wvertivally leminaded
spars.

2.4230. Definitions (fig. 2-109), A vertically
lnminated spar i= o spar wlhose cross section is
made up of twa er move laminations and in which
the principal glee lines are vertical,

tef bt ot
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t, iming
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Figure B-109. Avceptable pracéice for bufdding ap eoriionl
Tepinations.

24851, Annual ring direction (fg. 2-110), Face
laminations shonld be edge-grained on their verti-
cnl faces. In spars consisting of four or more
laminations, flat-grained laminations may he used
in pairs provided the individuals of each pair are
locnted and oriented symmetrieally with respect
to the vertical central plane of the spar and pro-
vigled the total thickness of Hat-grained lamina-
tioms does ned exceed 50 percent. of the spar thick-
ness,  Single pleee laminotons {nomely, luninn-
tions without edge jointsh that are flat-grained in
one-thivd or less of thelr width may be used as
eclge-grnined laminations provided they are sym-
metrically located and criented in pairs
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Figure B-110, Lowibeation arveeagesion! ond permissibie combimalions of edge-prolocd and fod-prained lamind-
tiome {i# perticolly lomingted spare. Epdra fo Do spmepnedeicol aboud vertioal contral plaome.
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SCARF JOINT

SECTION /-2

Pigive 3-111, Orlcndelioe of Mok legers du Daiff-np Iomdmedicn.

Laminations that are equidistant from the verti-
eal cantral plane of the spar should be of the same
thickness nz well as of the same character with
respect to being edge-grained or flat-grained. For
the vequired symmetry all picces edge or searf
jointed together to form n flat-grained lamination
must be oviented with the annual vings facing the
sume woy (g 2-111).

24880 Knots (see also sec. 24201). Within
cither onter quarter of the spar depth the size of
a knot {on the edge o on either vertical face) in
a lmmination should not exeesd 15, W with the
further limitation that the size of a knot on the
narrow face of a lamination should not exceed
one-feurth the width of that face. The sum of
the zizes of all knots in o lamination within o
length equal to 5 W should not exeead 15 T and
within any length equal to W the sum should net
excend g TV,

Within the middle half of the spar depih, the
dinmeter of o linot in a lamination shonld not ex-
eeed 16 W and the swn of the dinmeters of all
knots in a laminalion within a length equal to 5 1
should not exeeed TV,

24285, Piteh or bavk pockets, A piteh or bark
pocket i auy Jamination should be not deeper than
1 W oor one-half the thickness of the lamination,
whichever is the leszer; not wider than ene-fourth
inch or 34 W, whichever is the lesser, and not
longer than 2 inches wilh the further requirement
that a pocket on a foce of the spar should be net
longer than four times its distance from a corner
of the spar,

The distance, mensured in any direction, be-

twean two pockets on the smine face of the spar
gliouldl be not less than six times the leogth of the
shorter pocket and for pockets in the sume growih
layer thisdistance should be not less than six times
the length of the longer pocket.

a2t Requiremends for solid spar fanges,

24240, Defnifion. A zolid spar flange is a
spar flange whose cross section consists of a single
plece of wod.

24241 Anwual wing  divection. Solid  spar
flanges may be sither edge-grained or flat-grained
e thedr hovizontal faces {see. 2401).

2448 fnofs (2ee also sec. 24081, On any
faee of a solid spar flange, the size of o Jmot should
not excead Yz W (W=the widih of the face on
which the knot appears) ; the sum of the sizes of
all knots within any length equal to 5 W should
ot exeeed 1 W and the sum in a length agual to
W should not execesd 1, W,

AR, Pifeh or bork pockats, A pitch or bark
pocket should be not deeper than one-eightly the
dimension of the flange in the direction of the
depth of the pocket; not wider than one-fourth
inch or one-eighth the dimension of the flange in
the direction of the width of the pocket, whichever
iz the lesser; nmd not longer than four times its
distanes from a comer of the flange. The dis-
tance, measured in any direction, between {wo
pockets on the same face of the flange shonld be
not less than six times the length of the shorter
pocket and for pockets in the same growth layer
this distance should be not less than gix times the
length of the longer poclet,

485, Requivemants for laménated spay Tanges,
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24250, ffinition. A laminated spoar fange is
a flange whose cross section i= made up of two or
more laminations gloed together.

Flunges may be either hovizontally or vertically
laminated. In horizontally laminated flanges
that taper in depth, laminstions should be parallel

to the foce at which the tensile stress 1s greatest.

24251, Annvel ring divestion,  Laminated spar
flanzes may be gither edge-grained or flat-grained
on their hovigonta] faces {sec. 2,401,

24252, Knofs (=ee also sec. 24201), On any
face of a lamination whose cross section exceads
one-third the cross section of the flange, the siza
of a lmot should not exeeed ¥, W (W =the width
of the covresponding face of the flange].

Oy any face of o lamination whese cross see-
tion does not exceed one-third the crogs section of
the Aange, the size of o knot shall not exceed 1, W
except that the size of o lmot on the narrew face
of a lamination should not exceed one-fourth the
widlth of that face, {Knots less than one-sixteenth
inch in size are to be disregarded in accordence
with gec. 24301,)

The sum of the sizes of all knots on any face
of a lamination in a length equal to the width
of that face should not exeesd the size of the
lavgest knot permitted on that face, snd the sam
of the sizes in o length equal to five times the
width of the faee should not exceed twice the size
of the largest single knot permitted.

04255, Piteh or baek pockets, A pitch or bark
pocleet in any lamination should be not desper than
one-eighth the dimension of the flange in the direc-
tion of the depth of the pocket or one-lnlf the
thickness of the lamination, whichever i3 the
leszer; not wider than ope-fourth inch or one-
eighth the dimension of the flange in the divection
of the width of the poclet, whichever is the lesser;
aud not longer than four times its distanee Trom
corner of the flange. On any face of the flange,
the distonee, mensured in any divection, between
two pocleets should be not less than six times the
length of the shorvter pocket, and for pockets in
the same growth layer this distance shoald be not
less than six times the length of the longer pocket.

2426, Reguirements for strested pavts of small
orose section as oempared to their langth, suck a=
o ateips, verticaly, and dizsgonaly of ribs; shin-
sfiffeners longarons 7 efe. .

24200, Fensral. All such parts into which nails
are to be driven should be free of lnots or other

126

defeots which interfere with nailing or ave likely
to canse splitting in nailing,

24261, Annwal ving dirsetion, Those faces of
e strips, verticals, and dingonals of trussed ribs
that are parallel to the plane of the ribshonld pref-
erably be edge-grained,

24262, fosfe, Knots may be permitted in the
middle half of the width of o flat-sawed faoe, pro-
vided the diameter of any one kot does not exeesd
ane-eighth the width of the face, and provided
auch knots do not capse deviations of grain in
the outer quarters steepar than the allowable value.

24263, Piteh or bark pockets. Nopiteh or bark
pockets should be permitted in members that o
less than 1 ineh in either cross-sectionn] dimension,
Piteh or bark pockets may be permitted in an edge-
grained face (if it is wider than 1 inch}, provided
their dimensiong do not exceed a depth of one-
eighth the dimension of the piece parallel to the
depth of the pocket; o width of one-cighth the
width of the face on which they appear; and o
length not grepter than 2 inches, or four times the
distanes of the pocleet from the edge of the piece,
whichever is the less.

The distance, messured n any direetion, be-
tween two pockets shonld be not less than six times
the length of the shorter poclket, except that where
they are in the same line, the distance between
pocleeta shonld be not less than six times the langth
of the longer pocket.

24264, Compression wosd, No compression
wond shonld be permitted in parts which are less
than 1 inch in either eross-sectional dimension.
In larger povis, compression wood moy ba per-
mitted in sireaks not wider than one-twenticth the
width of the face and aggregating not more than
one-tenth the width of the face on whicl they
pppHAT.

DA2Y, Hequirementa for ourvad leminated mam-
bers, auoll as fussloge vings, dosr frames, and
wing-tip bows.

24270, Awnual ring direction. Material for
curved parts should preferably be dat-grained on
the Taees, which will be eorved after gloing in
order to minimize changes in curvature with
moisture-content chianges,

24271, Knots. Material for this use shall be
free of knots of such size as would interfere with
bending Lo the regquired curvatore or with good
eomtact betwesn laminations,

2.887%, Cempression woeod,  Malerial for such
nge shonld be free fron compression wood,
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CHAPTER 3

MODIFIED WOOD

3.0. Plywood, Laminated Wood, Compreg,
Impreg, Heat-Stabilized Wood, and

Papreg

300, Gexenar.  Useful ag wood 15 in the form
in which nature provides it, science has shown the
way to transformations thot odd greatly to its
utility, Among the modiied wood produets of
present and potential wse in airerafl nve plywood,
Iamingted and curved members, resin-impreg-
naled and compressed wood, heat-stabilived wood,
anid high-strength, resin-treated paper.

3.1. Plywood

310, Gexerane Plywood i3 an  assembled
product of wood and give that 12 nsually made of
an odd nuwnber of thin plies (veneers), with the
grain of each layer at an angle of D07 with the ad-
jacent ply or plies, The curside plies are termed
“faces,” or “face and boel,” and the inner plies
are Lermed “core and eross bonds.”  In three-ply
plywood the cemter ply iz the core, und its grain
iz at an angle to the face plies, In panels with
five or more plies, the center ply is the cove, and the
inner plies whose grain is ot an angle to the faces
and core are ealled sross bands,

The chief advantages of plywood as compared
with solid wood nre its move nearly equal strength
properties slong the length and width of the panel,
preater vesistanee to checking and splitting, and
almost negligible change in width and length with
changes in moisture content {see, 331},

These advantages ave cbinined by alternating
the direction of grain in the successive |lies
Since the strength of woold across the grain is
much lower than along the grain, equalization of
strength properties in o plywood panel is ap-
proached throngh an increase in strength in one
direction aecompaniad by a deerease in strength in
the ather divection.

The tendeney of cross-banded products to warp
as the resull of stresses set up from shrinking and
gwelling with moigture.content chonges is lorgely
eliminated by balanced eonstroction. This con-
etruction comsists of arconging the plies in pairs
about the core or centeal ply so that for each ply
there i3 an oppesite, siilar, and parallel ply
Matching the plies involves a consideration of (1)
thickness, (2) kind of wood with partieular eef-
erence to shrinkage and denzity, (3) moisture con-
tent at the time of gluing, and (4) angle or relative
divection of the grain,

Flywood for aircraft s sometimes made with
an even number of plies or with the grain of ad:
jucent plies at angles other than 207, Plywood
panels are also made with the grain of alternate
plies al 90° but wilh the grain of the faces at other
than 0% or 30° with the edges of the panel.  Non-
symuetrieal plywood is not standaed and shonld
b nzed with eantion, beeanse its unbalanced con-
struction is lilkely to canse warping of the panels

Plywood for aireraft is produced in flat, enpved,
or molded form, using glues of the thermosatting,
synthetic-resin type. Adreraft flat plywood is
produeel between the heated platens of o hiydran-
lin press and is commanly referred to ms hot-pres
plywood, whereas molded plywood is usually pro-
duced by meana of fuid pressure applied theough
an impermenble bag or blanket in an astoclove
and is referred to as bag-maolded or Auid-pressure-
molded plywood.  Corved plywood may be pro-
duced by gluing veneer over curved forms in a
press, by bending flat plywenod over o form or by
b molding.

The quality requirements Tor plywood to be nsed
in alreeaft wre much more exacting than for in-
dustrial plywood in general. Curvent requirve-
ments are publighed in Army-Navy Aeronautical
Specification [AN-NN-P-511 b} Plywood and
Veneer; Aircraft Flat Panel, and Army-Navy

137



Downloaded from http://www.everyspec.com

Aeronautical Specification ( AN-P-4%) Plywood;
Adreraft, Molded (fluid pressure),

The quality of plywood is contingent upon {z)
the kind and quality of veneer used (sec. 2520},
{B) the adhesive used (mec. 40), and (2) the
technigque emploved in combining the veneer and
adhesive to produce the finished panel.

3.11. Smmweace oF Pryweoo, Shrinkage in
thiokness of the pliss i3 unopposed, hence o ply-
wood panel for all practieal purposes will shrink
in thickness like normal woed, Since the longi-
tudinal shrinkage of a ply i= negligible, the lateral
ehvinkage of adjucent plies {whose grain is at
right angles) will be restrained, The shrinkage
of o plywood panel, then, in the two lateral di-
rections, will be relatively small. This shrinknge
will vary with the species, the ratio of ply thick-
neszes, the number of plies, the character of the
groin, and the combination of species. The aver-
age shrinkage obtained from several hundred tests
om a variety of combinations of gpecies and thick-
nesses in bringing three-ply wood from the sonked
to the oven-dry condition was ahout 045 pereent
parallel to the fuee grain and 067 percent perpen-
dicular to the face grain, with ranges of from 0.8
to 1 percent and 0.3 to 1.2 percent, respectively,
Individual cases of some species may give wider
vanges than these. The species included in the
tests wiere basawood, bireh, black walnut, chestnut,
eln, mahogany, Spanish cedar, spruce, sugar
maple, sweatgim, tupele, and  vellow-poplar.

from this it is seen that the lateral sheinkags of
plywood is only about one-tenth as reat as that
across the grain of an ordinary board. The total
lateral shrinkage of a 114-inch southern yellow
pine board with two e-inch sweetpum venesrs
glued to the fuees was ouly 1 percent or about one-
seventh of the normal shrinkage, The values
ziven for shrinkage are based on a moisture con.
tent change ronging from o green or soaked con-
dition to an oven-dry condition. In service, the
change in moisture content will be much less,
generally not roore than enough to cause o di-
mensional change of one-fourth, though it might
at times reach one-half of that represented in the
Testa,

312, Maworactoming Deveors,  The effects of
variations in technique are sometimes apparent
from visunl inspection bat ave often manifest as
inferior glue lines which con only be detected by
testing a punel or portions of it to destruction, Tt
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is therefore important that eareful supervision
be maintained over the production of aireraft
plywocd.

Examples of manufacturing defects that e
be visually detected include blisters, core laps
or core voids, and sometimes exoesgively #lazed
surfaces and “bleed through™ {=sec. 5.212),

Blisters usually develop from an accumulation
of steamn within a panel in local aveas of excess
moisture during the pressing operation. They can
usnally be detected gquickly by an inspector who
ia Yooking between the platens of the press just as
they open. After the panels have cooled, o blister
can often be detected by tapping the surface of
the panel with the knuckles or & pencil and listen-
ing for the change in sound ag tapping procoeds
from solid to blistered areas,

Core laps and core gaps are obvious. On the
other hand, panels con have glue bonds which are
below acceptable standards even though good
veneer and adhesives are vaed, Thiz fact can
eseape detection under visual examination enly.

Unzatislactory glue bonds can result from (o)
improper moisture content of veneer, (&) im-
proper amount of glue spresd {=ec. 523), (&) too
lomg assembly time (see, 5.24), (d) excessive time
in loading and closing press (when panels lie
on the hob plates before prassure iz applied the
Flnes tend to precure), (o) Improper temperaturg
and pressure {secs, 525 and 5.26), or (/) insufi-
cient curing Lime (see, 5.264). While small varia-
tigne from accepied practice in suy one of thess
eonditions would be unlikely to lower glue bond
quality dangerously, a combinstion of small vari-
ationg of several conditions may result in below-
gtandard plywood.

3.13, Wememrs oF Vexerr ann Poywoon,  Table
3-1 gives the weight per square foot of veneers
of varvieus thicknesses and corresponding pounds
per cubic foot and specific gravity based on weight
and volume when oven dyy. The table also gives
the weight per aquare foot of veneer at 10-percent
moisture confent. At the bottom of table 3-1
approximate values for welght per square foot
of gloe lne ave given for film glue, cold-setting
resin glue, hot-setting resin glue, and cosein glue,
which should be taken into eonsideration when the
table is used for estimating the weight of ply-
wond, Tnble 24 lists the average specific gravity
and pounds per euble foot of o number of apecies
commonly used in aireeaft.
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3.2. Glued Leminaoted Members

820, Gesenan, Glued Jaminated construction
is an assembly of two or voove layers of wood which
have been glued together with the grain of all
layers or lamination: approximately parallel
Tu aireraft, lnminated construction is veed for zuch
parts ng propellers, spar flanges, bulkhead rings,
filler blocls, bearing blocks, rib members, and
winglip bows

The lomingtions may be produced from elther
mber or veneer,  As used for making airerafi
parts, lsminations are usnally prepared from drey
lumber of less than 1 inch thick and from veneer
of one-sixteenth to cue-gighth inch in thickness.
The laminations may be of one or more pleces, edgs
elued to provide width and end searfed to provide
length, where necezsary.  Two or move full-zized
laminptions are then glued together to produce the
thiclness of member requived.

A well-laminated wood member is as strong as
a solid member of the same wood in the same giee,
Wood properties, such as slope of grain, density,
oeenrrgnce of wood delects, and the like, affect the
strength of the luminated member in the same way
that they do a solid wood member.  The process of
laminating, however, permits Lhe wze of small,
clenr cuttings which can be glnad inte a member
entively free of suel defects, and az o vesult the
laminated member may possess ove strength than
the similar 2olid member, especially in the larger
gimes.  In addition, the process of laminating per-
mits the production of members in sizes that could
not readily be supplied in equal quality in sofid
wond,

Laminated members are made both straight and
eurved,  The laminating of straight members is
the simpler operation, usually vequiring enly con-
ventional equipment but semetiimes complicated
by the large size of plece produced. In making
curved members, forms or jigs most be prepared to
the shope of member desived.  The laminations
are drown agminst these forme and ave glued -
gether in the curved shape, being held under pres-
suve until the glue has set. Upon vemeral from
the forms, the lnminated member vetaing the ap-
proximate curve at which it was glued.  In mal-
ing cnrved members, the relatively thin individunl
lnminations can be bent into position before gluing
with much less stvess than is developed in steam-
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img and bending the larger solid member, with the
result that the laminated member fornishes a
iveater strengih and stiffness.

The drying of wood in thiek sizes is relptively
slow, expensive, and often secom panied by dreying
stresees,  The thinner lumber and veneer can be
dried wuch more vapidly and satisfactorily, and
the Inminating of such lumber or venser enables
the production of heavier mwnbers which are uni-
formly dry and velatively free of drying defeets
andl gtivsems,

The laminatel member is subject to changes in
moisture content with varations in atmesplere
humidity aud to changes in dimension doe to
shrinking and swelling much the some as similur
golid members.  Minimizing dimensional ehanges
in both is dependent on having the wood at vight
moisture content when fabricated and on the nse
of meisture-resistont contings,

Bucressful lamination of wood members re-
gquires that the jointe be well glued and that the
bond shall be durable ander all conditions of serv-
we.  The glue should develop the foll strengtly of
the wood and should further maintain  that
strength under service conditions.  Ctherwise de-
lamination of the glue line joint is hable to de-
velopr and the strength of the member Le sevionsly
vedueed.  Many glues can be suecessfully used in
preducing laminated members,

The use of heat to hasten the setting of the glue
18 practieal with cold-setting glne and may be
accomplizhed by placing the glued asssmbly in o
hented room er kiln,  Under heat curing, the wood
in the pssembly tends to drey ont, the surface of
the wood shrinks, and the gloe joints apen bafors
the plue is set, noless the atmosphere surrounding
the assembly is humidified so as to maintain o con-
stant moisture content in the sssembly, The use
of heated kilns pleo permits the laminating of
members with the low-temperature, phenolic-1y pe
rlues but laminated members of substantial size
are nsiunlly ghied with cold-setting glues te avoid
the inconvenience of henting the moss of woed.

Electrical, high frequeney heating and bag-
molding with stenm or steam-niy combination are
employed Tor the heating and curing of special
laminated aivernft members, but the use of steam-
hented hydraulic hot presses 18 nob very practieal
for lamanating heavy wood members,
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3.3. Resin-Treated Plywood and Lominated
' Wood (Impreg and Compreg)

.30, Gewenar. The properties of wood can be
modified by resin trestments, and & sombination of
a resin treatment and compression. Two such
dimensionally stable forme of wood, *“impreg™
{ resin-impregnated wood) and “compreg™ (resin-
impregnated, compressad wood) have been de-
veloped at the Forest Prodoets Laboratory.

The proper treatment of wood with anitpble
resins will greatly reduce the swelling and shrinl-
ing of wood and the resultant warping and checlk-
ing. Tt will greatly improve the resistance of the
vwood to moisturs travsfosion sod to deeay, and
appreciably  inerease its compressive strength
properties. In addition to such improved sta-
bility, resin-treated wod when eompressad will
exhibit an inerense in strength properties, other
than the compressive propertiog, about in propor-
tion to the speeific gravity to which the wood iz
eom pressaed.

Becnuze of the difficully of adeguately treating
mazsive pieces of wood, and the forther fact that
an outer zone treatment with stabilizing resins
einses stresses Lo be set np between the treated and
untreated parts of the wood, it seems ndvisable
that, for the present, all impres and compreg be
madle from shests of veneer one-eighth inch thick
or thinner. Both materials ean be made up in
either plywood or parallel-lanvinated form, de-
pending on the directional distribution of strength
properties dezired.

4.81. Taepnes.  (3veat dimenstonal stability has
been effectively necomplizhed in wood by treating
it with resin-formring systems that penetrate the
cell-wall structure and become bonded to the active
proups of wood which tend to taks up water.
Water-soluble, phenol-formaldehyde, resin-form-
ing mixes meet these requirements better than any
other resing or resin-forming ayatems thus far
tested, The commercial phenol-formaldehyde res-
in-forming mixes given in table 3-2 are of this
kind and, in experiments at the Forest Products
Laboratory, have been found similar in stabilizing
effectiveness,

Gireen veneer direct from the log ean be treated
with these resing by merely immersing the plies
in the treating solution, which has been diluted
to o solids content of 40 to 50 percent with water,
for periods of time ranging from about 1 hour

042874 —51- i

to 1 day, depending on the meistore content,
thicleness, and spectes of veneer,

Tabie 3-2 Saen commerciol phénol-formeldebpds  rein-
Sorming mizes

Marmbseturer Tersimeaid Eﬁ“mf
Bakelits Carpocoo oo BT 5. . LY
Do ... evvmem | B 151060 ___ Ti
Casein Co. of Amerles_ Compregrite... 3
Interlaks Chemiesl Copp. o ) 1650 ________ bt
Durez Plastica & Chemical | 0086 . ____ 44
Clorp,
Mansznto Chemdeal Coo, o) 4610 oL . Fp'
Resinons Prodeots & Chom- | PRSI ... . b
feal Co,

b As determined gt Ehe Fereat Frdoes Laboraiorr by polymnecieibion
& o pserssure Bombe
Diry veneer can be treated by the method used
for green veneer by the cylinder-treating method
by applying air pressures of 20 to 100 pounds per
squate inch to the veneer immersed in the treat-
ing solution. This treatment requires from 15
minntes to 2 hours, depending on the gpecies. The
vesinoid iz carried only into the coarse capilliary
slructure; the veneer sheuld, therefore, be close-
piled under nondrying conditions for a few hours
to 2 days following trentment to insure o uniform
diffusion of the resinoid thronghont the cell-wall
structure.  The treated veneer is then dried bv
sticlering in a kiln or pessing through a con-
tinnous deier at n temperature of about 160° 7,
When thoroughly drey, the treated venesr is
heated to about 200° I, for 1 day oo 300° F. for
ane-hall hour, to set the resin in the structure,
These treated and cuved plies can be assernbled
with practically any kind of glue—animal, vege-
tohle (stareh), soybenn, ensein, or both hot- and
cold-press, synthetic-resin glues of both the phes
nol-formaldehyde and urea-formaldehyde types
(sec. 527200 butl only the synthetic-resin glues are
acceptable for aeronautical use. On the basis of
tests at the Forest Products Laboratory, however,
only the synthetie-resin glues are vecommeded
for assembly of resin-tronted and enved plies that
are for aeronautical use. Glues containing con-
giderable solvent should be allowed te dry, alter
application to the treated veneer surfaces, to a
greater extent before assembly than iz necessary
in gluing ordinary wood, Tn gluing experiments,
open assembly times of 15 minutes prodoced

FED
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joints that failed 100 percent in the weod when
tested,

Further details regarding the treating, drving,
anil assembly of resin-treated wood are given in
Forest Products Laboratory Report Ne. 1380
(#=4).

Tmpreg ean be made from o number of different
gpecies,  As most of its properties ofher than
strength are largely independent of species, the
chief basiz for selection of o particulsr species
should be the desivability of its mechanicnl prop-
erties and ense of treatment. Proctically all soft-
woods, except the resinons pines, moy be treated
readily, as may the softer hardwoods, such as
eodtonwood, basswood, peplar, and the gums. The
harder hardwoods may be trented under somewhat
longer treating time or higher treating pressure.

An inerense of 80 pereant in the weight of the
wond was accompanied by a volume inerease of
about 10 percent.  Impreg of different species will
hence have a specific gravity about 18 percent
greater than that of untreated wood.

A comparizon of various properties with those
of nermal wood is given in table 3-8,

882, Coarpgma. The chief object of making
eompreg is te cornbine the improved mechanical
properties that result from compression with the
degree of stability needed for specific uses, Com-
preg con be made in variations ranging from ma-
terial that has been superficially treated with a
nonstabilizing vesin to that whizsh has been thor-
ongly treated throughout the eell-wall structurs
with a stabilizing resin prior to compression. The
lenst stable form—which, strictly speaking, should
be called densified wood rather than compreg—is
made from thin plies of veneer {about cne-forti-
eth of an inch thick or less) which are reported to
be treated with bonding resin under high com-
pressing pressures.  Actually only the open-pore
structure ot the surface can be penstrated in this
way. Another method is to coat the pliss several
times with an aleoholic solution of o phenolic
vesin, allowing the solution Lo be talen up by
eapitlarity and diffusion within the structure be-
tween sucoessive spreads.  This method gave con-
giclerably more penetration than the aforemen-
tioned procedure, but the disteibution of resin was
still far from uniform even in the microscopically
visible structure. Prolonged soaking of the ve-
neer in the aleoholic resin solution o treating
under Freunm or pressure in o treating cylinder
further improved the distribution of resin in tha
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coarse capillory structure and gave a limited pen-
etration of the cell walls, When the water-apluble
stabilizsing resing were used under the conditions
given for malking impreg, the entive capillary
structure, including that within the cell-wall
giructure, was penetrated, thus making possible a
more giable produet,

Compreg is made from dey, resin-treated plies
either with or withount the use of additional glue,
The resin treatments which give the poorest dis-
tribution of resin throughout the strueture iy gen-
eral give suficient resin on the surface for bond-
ing.  Noturally dense weneer that is thovonghly
treated with s stabilizing resin will, under some
conditions, vequire the use of additional glue to
obtnain optimum shear strength between plies,

The pressure requived for compression will vary
with the species, the degres of compression de-
gired, and the nature of the treating resin,  Sta-
bilizing resinoids, which enter the eell-wall struc.
ture, plasticize the wood prior Lo setting of the
resin to an extent suflicient to permit compression
under considerably lower pressures than are
negded for woeod containing appreciably pre-
formed resin, Pressures ranging from about 250
Lo ,000 pounds per square inch are used for mak-
ing a product ranging in specific gravity from 1.0
to 1.4,

Becanse of the prohibitive tivee necesmry to heat
the center of the material properly, compreg can
be economisally made by the conventional method
of pressing between hented hot plates only up to
thicknesses of about 2 inches, Compreg up to &
inehes in thickness has besn mnde by the electro-
static leating method, by which heat iz generated
throughont the specimen. Blocks § inches thick
luvve also been made by o preheating process. By
this method the separate plies, when ready for
pzzembly, are heated in racks in o ldln, or in o
oomtinuous drier, to 230° F, for 10 minutes, then
rapidly piled and rushed to the press. Practically
ni eooling of the center of the pile occurs while
this is heing done, and the sides can be rapidly re-
heated. The treated plies are very plastic at this
temperstiure, and uniform compression of all the
plies oecurs simultanecusly. By this method it
iz omly necessary to add suficient beat to raise the
temperature 20° F. when stabilizing resing are
naed, At 250° F, the exothermic resin-forming
reaction becomes sufficienily intense to raise the
temperatore antemnticnlly to the desired tempera-
ture of 200° to 3007 F,
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Talle 3-8,

Properties of Foresi Produgts Laboratory Tmpreg Compared With Norsal Waod

Property

Malzture reslstanes;
Hate of meistiure abaorption swalling, shrinking- - _.
Enuilibrinn adzorption of waler vapor.__ ..
Eguilibrium swelling and shrinking
Absprption of water an prologged immersion .
Moteture transfuslon through wood vnder relative

homidity pradient.

Weatharing .

Chemlenl resgztanocs:
Ta neids
Toalkalles. . ...
I'a organic salvents. . ___ .

Tesistanes to attack by
Wod-desleoying gl

Termites. .. ...

Eleetrieal reaiatanes:
At 30 pereent pelntive homidity
A W) parcent relative humidity

Heat pancductivity .
Flre reaistanes. ...

Finkhing:
Painting ... _._.

Laequer finlshes.____ .
Brrengtho o ...

| Fow teats made conflned to white house paint.

Camparsd with neemal wood

Much smaller,

5 to 40 perocnt &= inudh.
Do,

Slightly lesa.

4 ta 5 porecnt s rapid.

Vastly improved.

High.
Maoderata o low.

Hegh.

Impreg sonthern yellon pine stakes have shoon no sorious
deterioration through decay after 6 yoars exposire o the
ground in Missksippi, while sinilar untreated stakes have
had an average Ufe of anly 2.7 years.

Higl:, an snme basis a5 above,

2 to IO times,  Specific reslstanss 109 ohms.
10Kt 0,000 times.  Spevifie reslatanee 2 x W® to 2 = 14
alima.

. Approximately T peroent higher,

Inappreciably different.  Weight losg only in direct proportinn
ba resin content,  (Preellpinary tests indicate that  am-
manium phosphate can be incorporated with pesin ot time of
trestment, fixlng the salt in the strooture and giving appre-
cintdy incrensed fire resistance. ]

Aftor 4 yoors'
exprsure, impreg panels with ve pelmar superior to contrals
with no primer, as goad as eoctrols with primer.  Showed
no loss of paict Gl Seme alligatoring.

Mo data,

Ouly compressive properties impraved.

Thick compreg ean also be made vp by gluing
thinner panels together. Compreg can be glued
to itzelf, to impreg, or Lo ordinary wood only
sfter the surface rlaze is removed by snding or
milling (sec. 5.2721), Satisfactory joints have
been obtained with cold-setting phenolic and ures
glues and with thermoplastic glues. A means of
gluing compreg more readily is given in section
558,

Mechanically the dimensionally stable and less
stable forms of compreg ave practieally identical
except for notched impoet strength, The thorough
distribution of resin throughout the structure
segme to inerease the noteh sensitivity of the wonod
to some extent., Tow-resin-content, nonstabilized
forms of compreg are alse more easily glued than

the higher-resin-content forms. For nses where
notch sensitivity is more critical than moisture
rezistanes, the less stable forms of compreg may
be prefernble; but for most uses the stable types
are to be preferred,

As the mechanical properties of compreg are
less dependent upon the species from which it is
made than are those of Impreg, o brond range of
species can be used, The chief species limitation
in making compreg, as with inpreg, is the cholee
of readily treatable woods, Woods with extremely
contrasty grain (marked dierences in density be-
tween springwood and summerwood) should be
avolded, 1z it is diffieult to make compressed sur-
fnces that are free from raised grain from such
materisl,
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Table -5 Properties of Comprey (Slokilized and Unsiabilised Forme) Compared With Novmal Wood

Froperiy

Btakbilised Tore | poooperred widh noroel waod

Mokstare: Hateof moisturs ah-
zarption and swelling and

shrinking.

Equilibrinm adsorption of water

VApOT.
Equilibrinm
ahrinking.

Moisture transfuslon through
wand under relative homidity

pradient,
Chemical realstanes:
T seids_ -

T organie salvents

Decay resistancs
Electrical realstanee (I3, O

Hent eonduetiviiy_ o ...

Fire rosistance. .

Finishing. .

Loncquers and ewnmels

Maehinieg..________________.

snelling and

Toalkalies _________ ...

| Mlighoooooooeeooee

Unstabilized farm sim
with marigal wi

Congiderably less thon for impeog as well a= for normal
woad,  Soctable 3-5.

Taminated spruce specimens, 004 % 2.5 % 2.5 jnches, im-
mersed n water, absorbod 0.5 percent meisture in
1 day, 1.2 pepcant in 4 days, 1.8 pereont bn 7 days.

25 to 4 percent ns much,  Actual adsarptien § to 10
percent,

Bare as impreg ab right angles to directlon of pressing.

Grenter in direction of pressing by the moltiple factor
(8, gr. of comprog divided by that of impreg).

Equilibrivm swelling in thicknezz direction: 5 to 10
pereant,

2 to & percent as rapdd ...

Maderate Lo low
L . e
AR least ns good s imprag. .o oo .. _
Bamilar to improg.
miare slowiy,

Apprasshes equilibrium eonditions

Proetieally the same as for wood of sama speclfic gravity
2.0 B. b per br per sq. fioper ineh per T, (5.8
{1, G B, undis) for sp. g 1,85,

Abput the same as for woad of the same speclfic provity

Has naturally hard, smooth, waterstesistant faces which
ealhnol be improved by applied elear finishes.  Con be
sanded and bulfed on eut surfaces to give finish stmilar
ta that of original faoces,

Both one sprayed coat of a yellow lacguer acd & yellow
enamel used by the Armny far painting insipgnin on
matal afrplones has stead up well to westher exposurs
far aver 1 year,

With snitabin tools, can be cut and werked moeh more
cazlly than metals.  Bpws and tools for sefter metals
like hrnss seem mest satlafactory.  Lower tool speeds
than for normal wood pre desirable,

1 Fercat Pradusis Labomn| mmprer.
o

2 Mok Eng. GANTH (7

For details of manufactare of the dimensionally

Conslderably los=. Ben table
3-a

About the same.

Leuilibrivm  swelling
cluding  recavery  from
compression) o Lhick-
ness direction.  Lew resin
conbent: 4 o G0 peroent.
High roaln eontent: 20 to
25 percent,

Mo cdnta,

{im-

T,
Da.
o,
D
Ma dota, ss eleetrical con-
dustivity is a function of
wdsorbed meisture, very
Little improvemant would
b exproted.
Wo dota, should be gimilar
to stabillized form.

Mo data, should be similer
to atabilized form,

Has vaturally lard, smooth
fagea.  Clear Gnishes im-
prove water Ms=istanse.

Mo data.

Similar to stabilied,

Other properties of compreg, both the stabilizad

stable type of compreg, see Forest Producte Lab-
arakory Report No, 1881 (3-5].

The specific gravity of compreg can vary all the
way from that of impreg to about 1.4, In gen-
éral, the high specific gravity material ia referred
to when the specific gravity is nol given.
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Foregt Producte Laboratory form and an un-
stabilized form, are given in table 3~ A com-
porigon of the moisture-absorption and swelling
characteristice of Forest Products Laboratory
eompreg and unstabilized compreg for varying
immersion periede b5 given in table 3-4.
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Table 2-5. Modature absorplion and gwedling on water
immersion of dimensionally stabalized, parolle-lowdinated
compreg and an unstobilizad ferm of poralis-lomiebn
compreg, both mede from maple and codoining ap-
progimately 50 peroent réeln, Specimens Mednch long
in filer dérection,

Mulature dbsorpifon | Swelling o Leckmess
Tiine . -,
it
walor Btabiliaed| Unetakd- | Sinbiliced | Unsiabi-
furm lized farm Iwrmm Ilﬂﬂﬂ (]
Dags FPrraint Prereei! Furcent Fereend
4 S S — ar 3P
[ (8] in 1.4 LD
n a7 X4 LT wma
L] b | e B4 | 2.6

588, Commrwartows oF Comerrssep awn Uns-
costrrerssEn Woor,  When veneer is trented with o
dimengion-stabilizing resin, it is possible to com-
bine it with cured impregy or untrested venesr in
a single nzzembly-and-compression operation o
that the treated, uneuved plies barome cormpressed
while the treated and cured (lies or Lhe untreated
plies remnin virtnally uneompressed. This s
possible because of the resin-forming constituenis
within the cell walle of wood greatly plasticize the
woold, prioe to the setting of the rvesin, at hot-
pressing. temperatures, For example, treated
spruce, Donglas-fir, and cottdnweéod will compress
to abeut ene-fourth - to one-half thelr originagl
thickness nnder o pressure of 250 pounds per
square inch, The dry, untreated plics and the
trented precured plies under thiese conditions will,
in general, compriess léss than 10 percent.  In this
way plywood with hard, densified faces and o corn
of practically normal density can bé made which
has improved finish and  superior  mechan-
ical, water-vimistant, and deewy-resistant proper-
ties,’

By this sume technigque, compreg can be made
up with only partially etmpressed faces of either
impreg or ordinary wood. These, m turn, can
be gluecd us deseribed under the heading ® Impreg.”

Ko extensive tests have s vel been made on the
various combinations of these materials.

Plywood with either imprag or stabilized com-
preg faces on untreated eores showed weather-
resigtance properties almost as good as those of
the impreg and compreg alone. Thermal cyeles
and water soaking and deviog eyeles did mot
break the bond between the dissimilar materials
when made by the recommended methods.

Decay testz at the Forest Produets Laboratory

on plywood with impreg faces on ordinary woord
eores indicated that when the cores were exposel
they were subject to attack by both fungus and
termites, When the edges were piotected by dip-
ping the nssembléd panels in a phenclic-resin gle
diluted slightly with aleohol, deeay of the cores
wig redueed.

No strength tests have a3 yet been made, Tt
should be poszible, howevir, to estimate the valoes
of the eornbined materials from the properties and
digtribution of the eomponent parts,

a4, Possieik Uses vor Tareree ann CoMTRR.
Becanse of the improved properties of thesa two
materials over ovdinary wood, they show promise
for a number of peronantical uses.

Plywood with either impreg or thin stabilized
compreg faces might be used fo advantage for
various slkin suifuces becanse of its Improved di-
mensicnal stability, decay resistance, sand natural
finisl, SBuch superior skin surfaces ave aleeady
being used on various control parts to seme extent
by one pircraft company, Because of the fact
thut veneer treated with a stabilizing resin is more
plastic at hot-pressing temperatures than owdi-
nory plywood, it may have definite advantages for
molding by rvubber-pad and bag-molding proe-
EssEs,

The nse of impreg and stabilized compreg in the
maling of housings for sensitive electrical contrel
equipment looks promising becanse of the low
eleetrieal conduetivity of impreg in contrast to or-
dinary woxl at high relative humidities,

Compreg shows promise for use az a dis mold
mpterinl; for spar plates; For aerial masts; for
various fusteningz which can be iroproved by the
war of 0 materinl with greater tensile, compressive,
and shear strengths than those of normal woud ;
for the shanks of airplave propelless and even for
the entive blade ; for lnnding wheels, nonstruetural
contralg, chart enses, ete,  All the envumeratad pos-
sible nses are now being investigated.

The compreg use that has heen corvied farthest
i5 that for alvplane propellevs.  The less dimen-
giomally stable forms of compreg have been ex-
tensively used for the shanks of arplane propel-
lers in Burope. This materizl was not satisfae-
tory for nse in this country doe to the widedy
varying climatic conditions encountered,  There-
{ore, the more stabilized form of compreg was de-
veloped for use in training-plane propellers for
the Army. The flight blades were carved from
blocks of compreg, and one prodocer developed
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a molded stabilized compreg blade for use in test
elubz.  The molded blade was made from resin-
treated, nneompressed, uncured blanks of wood,
the plies of which were assembled with a phenolic
glue under conditions such that the glue set
only partinlly, These were enrved to the desired
width snd shape, but with a thickness 134 to 214
times that of the finished prodoct. When the
corved blanks, which had been balanced in the
ancompressed form, were heated and compressed
in & maold, the bonding glue was replasticized, and
honded the treated plies together after they were
compreazed Lo the finel dimensions to produce o
joint stronger than the wood, The chief ad-
vantages of this process are that the wood is more
readily carved in the nneompressed, uneared stats,
and less wood and resin are wasted,  This general
procedure is nlso being commercially applied to
the molding of nerial masts, and could be applied
to a great nurber of different articles.

.35, Imereo awp Conrree REFERRN s,

{5-1) Hrama, ALFnen J,, awn Semopo, R M,
1866, Mindouzing Weod Shefekape and Sweliing,
Troating wwith Synthedio Rosin-forming
Materials. Forest Products Laboratory
Report K114,
(3-24

1958, The Antizhriik Tresfmend of Wood 2ocith
Bynibetio Resipforming Metericlz and
Ita Applicetion in Waking Seporior Piy-
wand, Forest Frodiets Laborptory Re
port R1213.
13-5) ——
1541, Resin-fiended, Lomdmated, Compregsed
Wood, Forest Produocts Loboratory He-
port RIEGES,
(84} ——
1941, Foresi Productes Laborafory Resin-treated
Waod {Jmpreg). Forest Products Lab-
aratory Beport Mo, 1380,
(3-5)

M2, Poreat Prodiuots Laborgtory Resfi-freafod,
Loeminated, Cenpreseed  Wood | Oome-
pregl. Forest Products Labopatory Tiee
port Mo, L3EL

(3-6) Bemona, K, M, awn Srawsr, AUFRED J.

182 Efect of Resin Treatment ond Jempresrion
Upoig dhe Properifes of Wood,  Fovest
Produets Laboratory Report No, 1383,

(#-7) Brne, Hozace K., axp ST, Averen J,

1943, Comiparizon of Commergiol Water-solnlls
Fhenal-formaldehpds  Resianide o
Woad fmprognedios,  Farest Prodocts
Labaratory Repoct No, 1384

(3-8) WeaTHERWsx, RIcHamn ., aND Stass, ALFRED J.

W, The Hectrion] Besisfivity of Resla-treated

Waod (Ffiigreg and Comprog), Tpdro-
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lzpd-weod Skt | Hpdrodylind, and
Laminated Regin-lrected Pepor | Page
ropl.  Torest Producis Laboratory e
part Mo, 15
(8-47 Meviess, M, AL, Benoss, H, M., A¥o Srasy, ALFren J,
1843, Imflwemice of Wemwfoofurlog Fariobies on
tha I'mpect fesistonce of Resin-froeted
Wood, Forest Produets Laborntory Ite-
port Mo, 1258

3.4, Heat-Stabilized, Compressed Wood
(Staypak)

540, Gexerar. Ordinary densified wood , which
is made by compressing heated wood, wsnally in
the form of shests of veneer coated with a syn-
thetic-resin bonding agent, hos exeellent strength
properties. Tt tends, however, to return to its
original uncompressed stnte when subjected to
swelling eonditions, recovering 50 to B0 percent
of the bulk lest in compression.  This material is
customarily made of veneer conditioned to about
i percent moisture conlent and is compressad at
abont 500° F. onder pressures ranging from 2,000
bo 3,000 pounds per square inch,

The Forest Products Laboratory has shown
that, by inerensing the originn] moeisture content
of the veneer to O to 12 percent and the tempera-
ture Lo 330° to 350° F., a material is produced
which, when soaked in water, recovers anly about
% to 10 pereent of the bulk lost under compression.
The Laboratory has termed this product “etay-
pak.”™ This lorge reduction is presumobly due to
the fact that the lignin of the wood flows suff-
ciently under these conditions to relieve the in-
ternal stresses enused by the compression. Be-
canse of the higher moisture content, the wood is
more plastie when under compression and hence
ean be compressed fo w specific gravity of 138 at
pressures of 1,500 to 1,800 pounds per square inch,

Heat-stabilized, eompressed wood is darker in
color thon nermal densified wood.  Althougl the
enilibrium swelling has not been materially re-
duced, swelling ocours so slowly, due to the ten-
iency of the material to remain compressed, thint
it will veadily meet the water-ndsorplion require-
ments of the Army Air Forces Specifieation for
Compreg, No, 150635,

The strength properties of hent-stabilized,
compressed wood, except for shear at vight angles
to the direction of compression, are equal to or
higher thon those of compreg.  The property that
is improved te the greatest extent is the impact
strengtly,  Heat-stabilized, compressed wood
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made af the Forest Products Laboerstery from
bivch, maple, cottonwood, and swestgum haid Tzod
values ranging from 10 to 14 foot-pounds per inch
of notely in contrast to values for compres ranging
from & to & foot.pounds per inch of notel.  The
average modulus of rupture for the four species
was 37,000 pounds per square inch (Army Air
Forees Specification No, 15065 for compreg re-
quires 43,000), and the avernge modulus of elas-
ticity in bending wag 4,100,000 pounds per squaore
inch {Army Air Forees Specification No. 150688
for compreg requires 27000007, The average
compressive steength parallel to the geain for the
four apecies was 20200 pounds per square inch,
which just exceads the Army Alr Forees Specifi-
cation for coinpreg.  The shearing strength paral-
Ie] to the grain and in the direction of compression
of the wood will readily meat the Arnny Air Forces
Specifiention of 5,000 pounds per squars inch, vs.
ing the eylindrieal deuble-shear test. O the four
apecies investigated, maple alone gave shear valoes
parallel to the grain and at vight angles to the di-
rection of compreszion that would consiztently
meet {he specifications.  Values as low as 2,000
pounds per square inch (half of the values speei-
fied for comprag] were obtained with coltenwood
and swestgum.  Birch give: border-line values,

Heat-stabilized, compressed wood can be made
from solid wood as well as {rom vemeer, thus
avoiding the use of critical resins. The proper-
tiez, as determined in limited tests, appear Lo be
similor to those for the material mode from
VRIEET,

Heat-stabilized, compressed wood is ensier to
glue than stabilized compreg, because it has .na
glesay, resinous surface and absorbs solvents some-
what better, Excellent joints wers obtained in
testz wilth several different synthetic resin glues.

Fxperiments ave under way in an abtempt to
gubatitute heat-stabilized, compressed wood made
from ninple or bireh for unstabilized forms of com-
preg and, in some nstanees, for stabilized eom-
preg.  For nges where the shear at vight angles to
the direetion of comnpression is not highly eritieal,
lheat-gtabilized wood made from the less critical
species may be suitable.

3.5. High-Strength Lominated Paper Plastic
{Papreg)

350, Grwerar. Papreg is n laminated paper
plastic of high tensile strength and high modulus

of elasticity developed at the Forest Products Lakb-
oratory., It ean be made to have more than twics
the tensile strength and more than one and one-
half times the modulus of alasticity of the best
conventional paper laminates.  The plastic can be
procuced under low molding pressures and there-
fore has peesibilities of use in large applications
auch as momocoque aircraft construction,

Paprag i compozed of laminations of spoesial
papers impregnated and molded with phenol-
formaldehyde resins, The pulps thot have been
found suitable are those in which the woed has
been digested just sufficiently to produce a well-
fiberized pulp. The paper iz made with high ten-
gile strengih in at lenst one direction, Ligh
density, and high absorbency. The highest, tensila
strength in the plastic is obtained when the paper
is parallel laminated; that is, with the shests
laid parallel in the direction of their lighest ten-
gile strengtl. The tensile stremith and modules
of elasticity in tension of cross-laminated plastic
are about B0 percent of those properties in paral-
lel-laminated plastic (tested in the grain direc-
tiom), Parallel-laminated plastic is, of eoursa,
highly anisstropic, whereas the cross-laminated
material is more nearly isotrapic and, for this
reason, may be better adapted to some applica-
tigns.

The minivim requirements (Federal Specifica-
tion L-P=406, Organic Plastics) for porallel-Tami-
nated papreg, tested in the grain (fiber) direction,
are & Lengile strength of 35,000 pounds per square
ineh and a modulve of elasticity in tension of
3,000,008 pounds per square inch. The specific
gravity is about 1.4 and the water absorption 2
to & percent. In general, the strength values, with
respect to normal tempernture, range from an
inerense of about 15 percent at —63° F. to a de-
crease of about 20 percent at 158° F.  Although
the smooth surface doss not requive the involved
finishing and conting that metal and wood nesd,
a low-gloss, highly pigmented surface enn he read-
ily obtained, if desived, by incorparating the pig.
inent in the resin used in impregnating the surfuce
Inmingtions. The meisture and deray resistance
are reasonably acceptable,

Papreg can be inolded in mederate donble cur-
vature forms without specinl trentment. Slight

taper and gage variations are veadily fahricated

to produce members of uniform strength, as in
eantilever benms.  The material Is salject to dis
and bag molding al presures as low as 75 pounds
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per square inch. Lesections with an internal
radius of eurvature as low as one-sixtesnth inch
have been bag-molded with no loss in strength in
the bent zone. Partiolly precured panels can be
laid wp and molded like veneer by bag-molding
methods, High-strength tubes huve been made un-
der eonditions such that the wreapping pressure
waz suflicient for melding. Papreg can be satis-
factorily glued by o number of cold-setting, lovw-
temperature, and hot-press glues

TFor data on the strength and reluted properties
of pupreg, see Forest Products Laboratory Report
Na. 181D,

3.6. Combinatien Matedals

8060, Gexera. Combinations achieved by glo-
ing together low- and high-density materials such
ae balsn with plywood, and plywood, balsa, or
other low-density materials with compreg, papreg,
and impreg, result in products with special charae-
tevisties which are mseful in aiveraft.

Bich tombinations may be aclueved as flat or
curved panels by bonding betwesn platens of o
hpdrnulic press, molding with fluid pressurve, or
pressing by other conventional methods, There
iz no fixed relationship between the position of the
high- and low-density layers in any combination.
A common practice 8 to employ thin, high-den-
gity layers on the surface and a velatively thicl,
bow-density material in the center of a panel {eom-
monly veferred to ag sundwicl construetion), bue
this is culy one of several possible preangements,
andl others will probably be developed to meet
apecific vequireiients in the futere,

The combination may be achieved hy bonding
the materials with either hot- or cold-setting
elues, depending upon the exposure, typesof mate.
rinl, and metheds of fabrication.

Pajprag can be formed from resin-impregnote:d
paper by hot-pressing in the apme operation dup-
ing which it iz bonded to the lower density eore.
For example, an assembly consisting of sheets of
veneer with glue between the layers of uwncured
resin-impregnoted poper on top and bottom can
be subjected to hent and pressure so that, when
withdenwi from the press, it will be in the form of
o plyweod panel surfaced with papreg,

138

3.7. Acetylated Wood

270, Gexeral, Impreg and compreg, made
with penelrating  low-moeleenlar-weight  resing,
have greatly impreved dimensional stability.
This stability, however, is attained with a saceifice
in tonglhness or impact steength of the produect.
The embrittlement rvesults beenuse oross-linked
resin is formed throughout the cell-wall structure,
Tt was found by the Forest Produets Laboratory,
however, that acetyvintion (replacing of the hy-
droxyl groups of cellulose and lignin by ncetats
gronps) stabilizes the wood without involving
ernss-linked resin {“Acetviated Wood,” U, 2, For.
est Produets Laboratory Report No, 1508 (1044635,
The proess, which so far iz only suilable for ve-
neer, consists in deyivg the wood in oan acid.
vesistant liln, subjecting it to the vapors of acetin
pnlivdride and pyridine for abont @ hovrs, and
then driving off the sxeess chemicals,

The treatment does pot change the appearancs
of the wood, When the weight of hardwoeod 15
merensed by 20 percent and softwoods by 256 per-
cent, the equilibrinm swelling and hvinking are
pednced 1o 25 to 50 percent of normal, This is the
highest degres of dimensional stabilization ate
tained with any treatment to date, The volume
of maple is inereased by 12 pereent, due to the
bulleing effect of the treatment (20 percent peetyl},
go that the specifie gravity is inereased by only 5
percent.  The volume of sprnee i nerensed by D
percent when the acety] content 13 25 percent, thus
resnlting in a 10 percent increase in specific grav-
iy, Aceiylated veneer con be compressad to malke
a compieg-like dense produet with both high di-
mengional stability and toughness,

The treatment, imparts high decny, termite, and
mardine borer resistonce fo the wood, az well as
dimensional stability without loss in strength
properties.  In some stances the tenghness has
been merensed by as much os 20 pereent,  Signif-
trant inereases in the compressive strength perpen-
dicular to the grain are also obtained.

Limited fabrication data to date indieate that
septylated veneer can be cut, aseernbled into ply-
wood, glued and oailed like normal wead, WNa
data are availalde az yel on finishing.

Acetyvlated wood has not been made commer-
cially., Limited date indicate that it should cost
le=s than vesin trentment,
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CHAPTER 4
AIRCRAFT GLUES

4.0. Kinds

£00, Geveran,  Beveral types of synthetic-
resin glues are in corrent use for aiveraft shuing.
Casein glue is also used to o limited extent, pri-
marily for vepair work.,  Animal gloe and bloed-
albumin glue were formerly used for aircraft fab-
rication but ave no longer sployed.

4,01, Srxrueric-Besiv Groes, The develop-
ment of synthetic-vesin glues for wood (4-7) has
provided bonding materials superior in o number
of important propertics to those formerly used in
aiveraft, Most uses in aireraft require glues that
retain their strength and dorability nnder moist
conditions and even afier exposnre to water. In
these propertizs the synthetic-resin glues are ont-
standing {{—4, 4-81.

The best known and most commonly used syn-
thetic-resin glies are the phenol-formaldehyde,
resoveinol-formaldehyde, and urea-formaldeliyde
types. Synthetic vesing of the melumine and
prolvvinyl ester type are not so widaly used.  Some
of thesy resins mny be combined with each other
or with other mnterials, if =uch materials prve com-
patible, to form glues of somewhat diffevent basic
chavpeteristics than those made from o single
vesin.  Examples of such combinations are urea
and melamine, nrea and resorcinel, phenol and
resorcinel, and phenol and dried bleod,  Insolable
mnterialy, snch as walnut-shell four er wood flour,
are often added to the esins to give better working
characteristics and joint-forming properties.  As
o vesult of this practice theve are resin glues con-
taining varying amounts of other materials, sone
of which are variously referved to as “fortified,”
Yol ified,” or *extonded,”

Byuthetic-resin gltes may be clossified as ther-
mesetting or thermoplastic,  The phenol, resorei-
nol, meluming, and nrvea resing belong to the ther-
mcsetting class, pnel onee the condensation wenc-
tion, which is hastened by heating, is complete, no

enbsequent softening ceeurs even thongh the tem-
perature is inerensed beyond the original setting
ternperntuee.  Synihetic resing of the thermo-
plastic clasz, sueh ns the vinyl acetate, or butyrale,
soften whenever Ehe temperntore is raized above
the softening range that is chavacteristic of each
particular type of vesin, A thermoplastic vesin
roust be fivet heoted and then cooled woder pres-
sure an using it as ap adhesive. Gloes of the
strictly thermoplastic type are not recommendead
for the glung of wood in aiveraft pavts,

Vaviations iu the raw materials the details of
proceszing, and added materials, such as catalysts
and fillers, produce synthetie-vesin glnes of dif-
forent characteristics, form, and propertes.
There ave thns a nmnber of vesin plues availeble
of varving nse clinrpeteristies, A eonunon chara-
cteristic of the thermosetting vesin glues is that
thiey are anly partly “polymerized” during mano-
facture and a further resction is necesaary Lo set
ot “epre” them.

Synthetic-resin gluss may be markeled in the
form of dry film, dry powder, suspension in water,
or nonagiecns solution. A nuwmber of them ave
formulated for Dot pressing, during which the
high temperatures soften the resin to an adbesive
condition and complete the setting reoction. The
most satisfuctory room-temperature-sebting resins
o i nge ave of the vesorcinol-formaldelipde type,
Theae glues ave preparved for nse by the addition of
a hardener that reacts chemically with the par-
tially polymerized resin i vesalts in the sstting
of the glue ot ovdinary room temperatures, Cold-
setting uren resing also cure at room Lemperatore
throngh the action of a eatalyst that pecelerntos
the setting reaction, but glues of this type are
not so durable as the vesovcinel resins.  Other
resin glues that set at intermediate tepperatures
are formulated from phenols, melamines, or eom-
Linutions of vesing, Considershle progress lhas
been made during vecent yenis in the development
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of highly durable phenol, resoreinel, and melamine
glues that will set at room tempersture or at
temperatures that may be attained in heated,
humiidified curing chambers,

£02 Casmrw Guoes. The forms, choraeteristios,
and properties of water-resistant ensein glues have
remained subsiantially the same for many yesrs
except for the addition of preseyvative {2, §-8,
414y, The dried casein of milk is the bagic con-
stitnent of thiz class of glues, Tt is combined with
pllalies or alkali-preducing  chemieals which,
when mixed with water, dissolve the cazsin. The
addition of lime or other materials couses the elue
to sot and later retain o part of its strength, even
when snturated with water. Casein gloes for use
in aircrafl should contain suitable preservatives
to male the @i glue vegistant to melds ond other
deteriorating organisms.

Most cagein glues are sold in powder form ready
to be mixed with water, They are mized and
applied at opdinary room temperatures, Casein
glues containing preservative are used in aireraft
vepair, but have been lorgely replaced in original
fabrication of aireradl parts and in assembly
gluing by synthetic-resin glues that set at room
temperatures, They have heen vsed for many
vears, and the details of thelr preparation and
application ave generally well known (4§-15).

4.1, Properiies of Aircraft Glues

£10 Grweran, The properties of the glues nsed
in aireyaft construction vary widely. Specific in-
formation on these properiies has been obtained
at the Forest Products Laboratory in large part
froan tests of joints and wood assemblies, Tt i3
difficult to interpret the vartous properties of glues
ag dry filme or solids in terms of their properties
and performance in weod jointz. The data herein
presented on properties of gloes are accordingly
bnged mainly on joint and asembly tests

4.11, Errzcr or Mosrure ox Guoes, The re-
sistunce of different types of synthetic-resin glues
and of casein glue in plywood joints after exposure
Lo severs moisturve and temperature conditions is
illnstrated in Agures £-1, 4-2, and 4-3.  The cold-
setting ures resing upon which these figures are
based all comphied with Army-Navy Aeronantical
Bpecificntion AN-G-8. Varions casein glues were
uged.  The results shown in fgure 4-1 arve hased
on engein glues with preservative, those v figure
4-3 on essein glues withont preservative, and
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thosa in figure 4-2 on both types. The plywood
wag mide of thres plies of one-sixteenth-ineh bireh
veneer, The glues were prepared and applisd in
nceordance with the manufacturer’s directions
The plywood after pressing was conditioned to
equilibrivm with a velative humidity of 65 percent
and 80° I, temperature and then cut into shear
specimens. A part of the specimens from each
panel were tested dry and a part wet after soaldng
in water at roor tempernture for 43 hones,  The
remaining specimens were divided into gronps,
aubjected to prolonged exposure at different con-
ditions, and tested at vanons intervils during ex-
pesure, The jeint strengths of the specimens,
tested dry after various exposure periods, are
shown as percentages of the original dry strength,
Specimens subjected to cyelic exposures involving
moisture were tested after the dry portion of
the cyele. The estimated percentages of wood
failure in the tested specimens sre shown as verti-
cal burs in ench graph,

Figure 4-1 shows the results obtained after ex-
posure of the plywood specimens (o o vepesting
eyele consisiing of 2 weeks at 97 percent velative
humidity and 80° F. and 3 weels at 30 percent
relative humidity and 80° F. The phenol-for-
maldehyde resine retoined most of their criginal
strength under prolonged expesure, and the uni-
formly high wood failure in the tested Joints
throughout the 30-month exposure ndicates that
ghies of this fype had not deteriorated move
rapidly than the wood.  The resorcine], melamine,
and melamine-fortified uren resins indicate a simi-
lar resistance to high humidity econditions. Ca-
sein gloe with preservative appeared to be some-
what less durakle.  The cold-setting urea, the hot-
press urea, and the resoreinol-fortified wren resing
failed to vetain original strength valoes, and the
declining wood failuve with exposure mdicates
that these glues deteriorated more popidly than the
wood under prolonged exposure to alternate high
and low homidity conditions.

Other specimens from the sume plywood panels
were tested after exposure to o repesting ovele
ronsisting of 2 days’ soaking in woter at room tem-
peraturs and 12 daye’ drying at 30 pareent relative
humidity and 80* F. (fig. +-2). The phenol,
melamine, and resoreinel glues showed a high de-
gree of resistance to water and to stresses asso-
ciated with shrinking and swelling, In this test,
ivolving alternate soaking and drying, the ply-
wood glued with hol-press urea, resorvinol-forti-
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fiecl uren, and the eold-setting nren resing deteri-
oratid less rapidly than in the alternating high
and low humidity eyele, and other tests have shown
that the resistonee of ures resin to continuous
soaking in water at voom fewpersture is much
better than its vesistanes to expostirves invalving
Ligh relative humidity (=17}, Casein glue with-
onk preservative lost strength vapidly under alter-
nate seaking and drying conditions ps o result of
the softening effect of absorbed moisture and hy-
drolyeis when subjected to immersion. Thers iz
no evidence to indicate thot the addition of pre-
gervative would Improve the performance of oa-
=ain glue under such exposore eonditions.

412, Errecr or Hisir ax¥o Low Texreraroees
on Gioes, Figure 43 shows the resnlts obtained
after exposure of plywood specimens glued with
eight types of glues to o repenting eyele consisting
of B hours at 158% . and 20 percent relutive hm.
midity and 16 hours at §0° . and 65 percent rela-
tive humidity.,  The plyweod was of the sume type
ol was prepared amd tested after exposure as
describeed in geetion 2,11, The joint strengths at
varions Lest periods are again shown as percent-
ages of the erigiual dry strength, and the estimuted
percentnges of wood fathoe in the tested specimens
are shown as vertical bars in the graph,
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Cold-setting nres resin showed the greatest de-
eline in strength and woed failure vider these cons
ditions. Joints made with cold-seiting  urea
resins lost nenvly half their opiginal doy strengih
during the first ® months and then continued fo
lose strength slowly throughont the remainder of
the 2l4-year exposure period. Wood  failure
values were negligible after & months of exposure,
Hot-pres= andl  resorcinol-fortified urea  resins
showed a mere moderate trend toward reduced
strength and woed failore values under these con-
ditiong. The phenol, melamine, melamine-forti-
fiedd uren, and resorcinol resing and casein glue, al-
though declining in strength, relained approxi-
mately the same percentoge of wood failore
throughout the exposure period. In mest in-
stances wood failure values were close to 100 pec-
cent, indicative of deterioration of wood rather
than wealkening of the glue joint s a resnlt of ex-
poenre Lo this elevated tempernturs,

Similar plywood specimens glued with the same
types of glues shown in fignre 4-3 were also ex-
posed to four other tempsvature conditionsz: (1)
continmous expesnre o 158° I, and 20 percent rel
ative hunadity, (2} continuons exposare to 1568° F,
pnd G0 percent relative hnmidity, (3) centinnous
exposure to 200° I, and 20 percent relative humid.
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farg plwng averoped.

by, and (4} a cyele of 2 hours at —67° F, over dry
ice and 16 hours at 507 ¥ and 05 percent relative
humddity {42 and §-17}. When sxposed con-
tinuoualy at 168% F., the wres resins {with the ex-
ception of melpmine-fortified urens) weakened
more rapidly than shoen in Ggure -3, The de-
eling in strength was much more promounced at
158% F. with 60 pereent velative humidity than at
158% 17, with 20 percent relative hamidity, At 200°
¥., deterioration of the urea resins was extremely
rapid, and practically no strength was shown by
the cold-setting ureas after & months or by the hot-
press or resarveinol-fortified ureas after 12 months
of  exposure. Melomine-fortified  urea  resing
showed considerably less  deterioration. Ply-
wood glusd with casein, phenol, melamine, and
resoreing! mhues showed s gradusl reduction in
strength under the continuous high temperature
exposures, pavtionlarly at 200° I bot the reten-
tion of high wood faihoe valnes on testing indi-
cates that deteriorntion of the wond was responsi.
ble for the decreasing joint strengths, Hxposure
to the gyele involving a temperatire of —87° F,
showed 1o wealening effect on any of the types of
glues tested.

£,18, Caserw Guoes wirn Presgevarivea. The

most frvpertant faetor eontributing to the deterio-
ration of casein glue under high relutive hamidity
conditions is its low resistapes to molds and other
microorganisms,  Comparieon of the results of
tasts on easein glues formulabed with and without
snitable preservatives shows a marked improve-
ment in dueability under exposure to high humid-
ity when smtable preservatives ave added., Re-
cently developed preservatives, such as the chiori-
nated phenols and their sodivm salts, are ellective
in preventing organie detericration of casein glues
under high homidity exposures, whicl are espe-
eially fovorable for the growih of molds (4,
A=E). The improvement in moll resistanes oh-
tanable with presevvatives sueh as pentachioro-
phenol is lusteated by the resulis shown in figure
44, After continuons exposure (o high howid-
ity conditions conducive to mold growth, casein
glue coutaining presevvative was superior to
casein ghie withont preservative n both dey and
wat gtrengths.  Further evidence of the efloctive-
s of pentachlovophencl as o csein glue presery.
ative is furnished by the results of tests on lami-
nated timbers (sec. 414), A comparison of wet
and dry strength valees in Agure 44 shows the
charneteristic softening eflect of water on both
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tvpes of cosein glue. The additien of preserva-
tives does not appear measurably to affect the
water resistance of casein glues, and casein glue
with or withont o preservative weakens rapidly
under gonditions that invelve wetting.

414, Exposvee Trste ox Lamiwaren Beanrs.
Results of tests on lominated timbevs exposed to
high humidity conditions and to the weather with-
ont protection confirm in general the order of
durability of phenol, resoreinol, melsmine, wren,
and casein glues as determined in plywood {sec
4117,

Teste involving the determination of jeint
strength snd measorerent of delamination in on-
puinted white oale, Donglus-fir, and southern vel-
low pine bears exposed to the weather have
established the fact that certain intermediate-tem-
perature phenel, melamine, and vesoreinol resins,
properly used and enred, are eapable of producing
glue joints ilat develop the full strength of the
wood, either wet or dry, awd maintain sufficlent
strength to avoid appreciable delamination under
prolonged periods of exposure to weather without
protection, Under similar conditions of exposure,
unpainted southern yellow pine and Douglas-fir
benms glued with casgein and with uren resin de-
creased in strength and wood failure upon testing
and showed considerable evidence of delaminntion.
In an accelerated sonking-drying test of short cross
gections of laminated beams that reflects perform-
ence unier the wetting and drying conditions of
outdoor service, ensein-gloed sections of Donglas-
fir showed delamination amounting to more than
30 pereent, uren resin more than 14 percent, and
intermedinte-temperatore phenol and resoreinol
resing less than § percent.

Under continnous expoesuve ot 97 percent rela-
tive humidity, glue joints made with casein {with-
et preservativi) and oren resin deteriorated
rapidly, and in timbers lpminated from Deonglas-
fir heartwood complete failure oceorred with
ensein glue in 4 years and with urea resin in 5
yenrs, Timbers gloed with cosein glne containing
10 pereent pentachlorophencl preseevative, how-
ever, continued to shew high joint strength in
Douglas-fir after 5 years of continuous eXposure
to high humidity conditions.

415, Bumacary or Proverries, The properties
of satisfactory glues of the varions types are sum-
marized below on the basis of existing information,

4,160, P henal-formaldebyds pluer The
strength of hot-press phenol-resin glues in joints
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is equal to or greater than the strength of normal
wood over wide ranges of moisture conditions and
temnperature.  Phenol-resin glues are resistant to
the attacks of micro-orgenisms and are highly dur-
able under adverse exposire conditions, In gen-
eral, well-made phenel-resin joints are very ddifi-
enlt to destroy without destroying the wood itself.

Phenol-reain glues woay be either acid ar olla-
line in venction, Hot-press phenel glues ave
wnally alkaline Intermediste-temperstore
phenols nre generally more nesrly neatral ov
slightly acidic and may consist of o mixtore of
phenol-formaldehyde and  resoveinel-formndde-
hyde vesing, Adhesives of thiz type commanly
set within a vange from 140% to 200° F. through
the addition of havdeners, which may contain
formalin or paraformaldelyde required te com-
plete the cure of the resin, or they may set through
the addition of acid catalyss,

Available date on the properties of inter-
mediate-tempersture-setting phenol glues indicate
that, when properly cored, they produce joints
high in strength and in resistance Lo moigture and
vorions temperatures (4-7). There are indiea-
tioms, however, that highly acid phenol resins
have sn injurions effect on woml, and neither
highly neid nor highly alkaline phenel glues are
considered suitable for airerafi gluing,

4.181. Resorcinol-formaldehyde glues, Hesor-
cinol-resin glues are availoble as ligoids consisting
of a suspension ef partially polymerized resin in
a mixture of aleohol and water.  Some adhesives
of this type ave mixtures of reaorcinol-formalde-
hyde and phenol-formaldehyde resins and thos
differ from some of the intermediste-temperature
phenols only in the proportion of phencl nnd
resoreine]l resins that they contsin, Besopcino
resing ave prepared for use by the addition of
paraformaldehyde or formalin hardener and set
al roomn temperature,  Although durability data
for resoreinol resing are nol 2o extensive as for
phenol-vesin gines, investigations to dute indicate
thit resoreinel resing are comparables in durability
to the phenol resins.

4152, Mefomine-formeldebyde  glues. Mela.
mine resing are apvailable in the form of film or
powder, and the type suitable Tor aireraft gluing
may be generally classified as hot-press and in-
termediate-temperature glues. Malaming resins
of the intermediate-lemperatore type seb between
140° and 200° F, When well-made and properly
cured, melamine-resin gloe joints ghow excellent
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resistance to molstire and to high and low tem-
peratures, and available exposure test data in-
dicate that the durability is similar to that of
phenal resine | 4=17).

£153. Ureo-formeldehyde  gluss, Urea-Tor.
maldehyde glues are acid in reaction. When pre-
prred for appheation, cold-setting urea resins am
maore acid than the hot-press urea resing, inasmuch
n& ndditional catalyst is added to produce o setting
reaction of normal room temperatures. Wood
joints well made with vrea-resin gloes ave high
in dey and wet strength of ordinary temperatures,
Urea-resin glue joints will net withstand pro-
longed expesurs Lo high temperatures ; pronounced
wealening of the joints occurs when expozed to
water above about 1507 F., and a move gracdaal
wenkening eecurs in dey air at 158° F. Joints
made with urea-rvesin glue decling in strengih
under long exposure to high humidities, to cycles
of high and low humidity, or to the weather and
are less dueable under these conditions than joints
made with phenol, malamine, or resoreinol-resin
rlues,

4,154, Cpsein glues. Casein glues are highly
alkaline in reaction. Tnlike the resin glues pre-
viously deseribed, cusein glues soften when soaked
in water and, althongh joints well made with ca-
sein glues are high in dry strength, their strength
when saturated with water is only.about half as
great,  Casein glues show good resistance to high
temperatures. Casein glues without preservis
tives are not durable when exposed to relative hu-
midities ahove 00 percent, but the addition of pre-
servatives of snitable kinds and amonnts increasee
their durability under such conditions.

4.2. Use Choracteristics of Aircraft Glues

480, Gewxeran. The wvarious operstions in-
wolved in the produetion of aireraft requive glies
of different use characteristics. Assembly gluing
operations may require o glue thet makes strong
joints under preasures obtainable by nail gluing
and fluld pressures. In nail gluing the skin to
the fuseloge or wing frame, this low-preseure re-
quirement may be combined with o requirerment
for a moderately long assembly time, In bag-
malding operations, o long aesembly life is often
required aml yet the glue must be comparatively
fluid at some time during the pressing period. A
glue with a high solids content may be required
to avoid exeessive penetration of gloe to the sur-

face of n panel made of thin veneers o to provent
blistering in the hot-pressing operation.  Many
operations with existing equiprent require room-
tempernture-setting glues, while others permit the
use of intermedinte-tempernture-setting or hot-
press plues, Fortunately, glues are available with
charactoristice that meet these variows requive-
mante reasonnbly well

Az an pid to the vser of aiveraft glues in the
solection of gloe types and brands of suitnble
chareteristies ond of those best adapted to spe-
cific operations, table 4-1 has been prepared
largely from the glue manufacturers’ direetions
and ingtroctions, the experience of the nsers of the
glues, and such test results as are available. The
list is perhaps inecomplete and is snbject to changs
a3 gome lrands of gloes are discontinued, others
are modified, and pew glues are developed and
marketed. The inclusion of any gloe in this list
toes not constitute an endorsement on Lhe part
of any Gevernment agency or assurpnee that it will
meet eurrent specificatione.

£.21. PueNoL-rorsantenyoe Tyre Gruoes. The
phenol-formaldehyde glues may be classified or
gronpad on the basis of o number of characteris-
Lice, such as hot-press and intermediate-tem pera-
ture types, film, powder, and Igoid forms, amd
kind of solvent,

Haot-press phenols are available in film, powdsr,
and Liguid form with varying degrees of stability,
bt many ef them ean be stored satisfactorily at
room temperature for periods varving from 6
months to a yepr or more. Hot-press phenols
normally require platen temperntures of 280% fo
410° B, to eomplete their cure.  The film form of
phenolic glue requires no preparation for use, and
a single shest is usually laid between the surlaces
to be joined, Since the film does not add moistore
to the wood, 1t 1= partienlarly well adapied to the
wluing of thin venseers, such a8 1, to 35, inch
When a film glue is used, the molstare content of
the stork must be elosely econtrolled, vaually be-
tween B and 12 percent. To obtain good joints
with film glue, the surface of the veneer should
be smooth, beeanse the amount of glue applied
canmot be Increased to accomunodate rough or
poorly aub stock.  For the film form, the assembly
period (the time between applying the glue amd
pressing) is not eritical and may vary over o wide
range, Once the panel has been placed on the
heated press platen, however, pressure must be
promptly applied to avoid precuring.
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The Yiquid forms of phenolic-resin gloes, sither
water suapensions or nonaqueons solutions, can be
advantageously applied to veneers hy means of
mechanical spreaders with rubber-covered rolls in
mneh the same way as casein glnes ave applied
with grooved stesl volle. With the liguoid-resin
glues, the quantity of spread can be vavied to suit
operating requirements better than it can with the
film type, and they are, therefore, prefereed for
some operations.  The control of moisture in the
wood iz somewhat less exscting with the liguid
forms of phenolic-resin glues than with the film
formg, but some trouble with steain blisters may be
expected in making hot-press plywood at high
temnperatnres if the total moisture pregent in the
pesembly at the time of pressing is too high.  Or-
dinarily, o motsture content of about 12 percent at
the time of pressing is the maximum, above which
a decided inerease in blistering may be sxpected.
For most hot-press, phenolic-resin glues, the
eoated veneers are allowed to dry wnder shop or
slightly elevated temperatuves until in approxi-
mate eqnilibrvium, The presging moy then be dene
immedintely or delayed for several days,

Iutermediate-temperative-satting phenol resing
are available in liguid and pewder form.  They
hove been developed to f11 the need for dor-
able glues that can be cwred at temperatures of
#18% F. or Jess. These glues are not so stable in
storage as the hot-press phenols, and some have o
storage life as short as 80 days at room temper-
ature (f-13), At lower temperatures, their stor-
age life is prolonged considerably,  Intermedinte-
termperature-seiting phenols are capable of pro-
ducing strong joints in wood over a wide range of
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meistare cottent {20y, Different glues of this
type vary in their coring requivenents, and, in ad-
dition, recommended curing cycles vary with the
gpecies of wood used and with the performonce
vequired of the glied prodoet,  In geperal, mlues
of thiz (ype cuve suffictently for many purposes in
severnl hours ot a femperature of 120" T ad
their core is rapidly accelerated at higher tem.
peratures (§-6). Complete curing of these glues
is accomplished at temperatares of 1507 Lo 200° F,
Most  intermedinte-temperature-setting  phenols
have a working life of 2 to 8 hours at 75° F,  He-
canse these ghies cure at relatively low tempera-
tures, nssembly perieds are shorter than those al-
fowed with hot-press phenols, but most of them
permit 1 to 2 hours or more of closed assembly ot
room ternperatinres (4-17, {-13).

4,22, Resorormor-Fomgarpennyoe  Guees. Be-
sovcinol-rosin glues ave Twrnished in waler-aloo-
hol mixtures that are stable throughont more than
a yenr of stornge al room temperature (73],
When mixed with a hasdener and ready for nse,
the zelids content of these glues ranges between 60
and 70 percent.  The resorcino] resing are classi-
fied as room-temperature-setting and require a
pressure period of 5 to T hours at 75° F., although
full joint strength is not vsnafly developed in this
pericd, Reswrvinol resine shonld not be nsed at
Tower temperatures, and their rate of eore s ae-
eelerated at higher temperstures (§4). The
worling life of resorcinol resing ranges froem 2 fo
% hours at V67 ¥, and 18 considerably shortened at
higher temperatures.  The disadvantage of short
working life in warm reoms can be overcome by
surrounding the glue eontainer with a water bath
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i which cool water is eiveulated to mointain the
temperatiure of the glue mixture ot from 70° to 757
F. or by keeping the mixed gloe under refrigera-
tion vntil vequired for use. Resorcinol glues are
similar to the ntermediate-temperature phenols
in their ability to produce strong joints in wood
over o wide range of moisture eontent (-1,
Assernbly periods for resoreinol glues vary some-
what with different glues, but they are, in general,
shorter than for intermediste-tempernture phe
melz, and maximum elosed assembly periods rangs
from 50 to 120 minutes at 765° B, {4-17, J-13).

491 Mrramive-ForMaroeayor Guoes,  Mela-
mine glues ave available in hot-press and intes-
mediate-temperature types and in film and powder
forms. With some exceptions, their use charac-
teristics pree similor to those of the phenal-formal-
deliyde glues of the same type and form (46,
f=I0 §-11, §-12). Melamine resins nve stoble
over long periods and commonly hove n storage
life of at lenst 1 year at room temperatare {§-15).
The temperatures required for euring the hot-
press melumines are nsually somewhat lower than
for hot-press phenols,

4,24, Unea-Forsavoeyoe Guors, Uren-resin
glues ave marketed either as dried powders or as
water suspensions ordinarily containing 60 to 70
percent of solida. Most of those marketed as
liquids may be used as received or ofter the addi-
tion of small amounts of eatalyst, which increases
the rate of setting. The dry-powder types are
mixed with water Lo produce suspensions having
concentiations approximately the sune as those
marketed as liguids. In general, uren-resin gloes
in powder form hove o longer storage life than
those in liguid form. Sone urea-resin gloes are
formulated for use al voom wmperntures and
others for hot-pressing operations.

Trea-resin glues appear to be maore evitical than
resoreinel resing with respect to the minirmnm
moisture content of the wood at which strong sloe

“joints can be made, althoogh the most desirable
meigture content will ordinavily be governed by
considerations other than s ellect on the guality
of the joint. When hot pressing with urea-resin
glues at high temperntures, the same limitations on
moisture eontents must be observed, in order to
avold blistering, as with phenol-resin glues, As-
seibly perieds nee not eritical with hot-press uren-
resin glues and may be varied over comparatively
wide limits, in some instances for more than 24
hours, Uren-resin gloes formulated for hot pres-

sing sat at temperatures somewhat below those re-
gquired for phenoelic-resin glues,

The rate of zeiting of cold-setting urea resins
at poorn temperatures is much slower than that in
hot presses and a minimnm pressare period of &
hours at 707 F, is pequired. At higher tempera-
tures shorter pressure periods may be used
Curing eontintes at room Lemperature Tollowing
the relense of pressuve. The nse of cold-setting
urez-resin gloes when the tempersture of the wood
or of the gluing roon is below 70° F. is prohibived
by Specifiention AN-G-20. The working 1ife of
cold-sefting uren-rvesin gloes may vary from 2 to
& hours at T0° F. but i3 considerably shortensd at
higher temperatures. In hot westher it may be
desirable to cool the misture by means of a water
both as deseribed in section 422 for resoveinal-
resin glues, Closed assembly periods for cold-
setting uren resins pre more limited than for moom-
temperature-setting resorcinols,  Closed assembly
periods should not exeeed 20 minutes af ordinary
room Lemperatures, Open assembly pericds are
renerally limited on the basis of the relationship
that 1 minute of open assembly is eqoivalent to 2
minutes of closed assembly,

425, “Forrrien” Uses-Resiw Goues. Other
ures-resin glues have been developed for special
purposes. Some of these glues, for exomple, have
bean developed primorily to improve the resst-
anee of urea-resin gloe joints to boiling water,
Other formulas hiave been developed primarily
for the gluing of curved plywood by the bag-
molding technigque, and these glues are character-
ized by the property of permitting very long as-
sembly periods, although some will set quickly at
temperatures at or near 212° ¥, Such glues are
somnetimes marlzeted wnder the term “fortified
uree-resin gies,” indicoting that through the ad-
dition of resorcinal or other fortifving ingredisnts
their resistance has been inereased in some par-
fienlar over that ordinavily associnted with wres-
resin glus,

4,26, Cuspiw Grues, The use charncteristios of
angein gloues have been reported in severn]l publics-
tioms (=74, 4-75). Their use over many years
has generally resulted in good shop practices. In
working life, assembly time, pressure, and rate
of satting at ordinary room temperatures they are
similar to cold-setting wrea resing and in gensral
are subject to the spme limitations and adapted to
the zame gluing operations. They do, however,
set ot Lemperatures lower than those at which the

14%
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cold-selling uren resing can be psed. The addi-
tion of preservatives to casein glues may affect
somewhat the consistency or viseosity of the mx-
tuve and the waking 1ife, but, in general, the use
claracteristics of cagein glues contaiming preserva-
tives are similar to those of casein glues without
preservatives {j=21,

4.3. Contrel of Glue Quality

4,80, Guseea, Glues for use in alroraft should
be systematically tested to insure that they con-
form to standard specifications and requirements
before they are put in prodoction.  Theveafter,
they should be checked sufliciently often to make
certain that they have not deteriovated during
glorage or for some other renson do not come up
i CIFEnE requl remenis,

The testing of high-temperature-setting phenal
prgl melamineg ghnes, intermediste-temperature-
setting phenol and melumine glues, vosm-tempera-
ture-setting resorcino] glue, eold-setting urea-resin
glue, and ecosein glue, and the vequirements for
their nse in aiveraft ave covered by apecifientions
s follows:

Glue s high-temperatore-setting vesin { phenol,
melamine, and resovcinol base) : Army Adr
Forees Specifieation No, 1413, June 20,
IHEL

Glue; low-temperature-setting resin (phencl,
melamine, piul resoreingl base) : Army Air
Forvees Specifieation No., 141844, May 19,
17435,

Glue: process for use of phenol aldehyde
vegin: Navy  Aesvonautical  Speeification
P2, Jannary 16, 1945,

Glue ; water- and mold-resistunt casein : Avmy
Air Forees Specification No. 14122, July
G0, 1948,

Glue; applieation of high-tempernture-set-
ting resin {phenol, melamine, and resor-
winol base) @ Avmy Air Forees Bpecification
Wo, 14160, September 4, 1944,

Gl ; application of low-temperature-setting
resin {phenol, melamine, and eesorcinol
basze): Avmy Air Forces Specifiention Neo.
141440, June 1, 1945,

Gloe; applicntion of cold-setting  resin:
Army-Navy Aeronautienl Specification No,
AN-(G-20, March 19, 19435,

Glue; application of water- and mold-resist-
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anb easein: Army Alr Forees Specification
No. 14148, Seplemier 4, 1045,

Glue ; resin-type liguid and powder: Federal
Specifiention No. C-G-206, September 14,
1044

Adhesives: thermosetting.resin, room-tem.
perature and intermediate-temperature sat-
ting, waterproof (phenolic, resoreinol, and
melamine base} (for weod) : Joint Army-
Navy Specification JAN-A-30T, Septem-
ber 20, 10486,

4,81, Jorwr Tesrs. It is not praction! for the
fabricator of aiveraft to test the glue used by the
plywood manufactuver in the predoction of ply-
woodl,  The quality and kind of glue used in the
praoduetion of plywood ean, however, be controlled
within safe limits by tests on the finished plywoodl,
The requirements for flat plywood for use in the
fubwieation of structoral or highly stressed parts
of aireraft ave covered by Army-Navy Aeronan
tical Specification No, AN-P-80A, February 7,
1040, pod for molded plywood by Army-Navy
Aevonantical Bpecifieation No. AN-P—3, March
20, 1048, These specifieations limit the glues
need to hot-press, thermosetting, synthetic-resin
types,

The requirements for aireraft plywood and for
synthetie-vesin and cosein glues n the foregoing
gpecifications are based in part on resnlls obtnined
in joint tests,  Infermation on preparing the Lo
material and making the tests is given in the pub-
lished litevature (4—25 and 4-36}, and 1= ample
and veadily available. Inusmuch as the block
ghear and plywood joint tests are corrently vsed
i Army-Navy Aeronwutical Specifications, and,
sinee most of the test data herein presented on glue
properties and uee ave bassd on thess tests, speci-
mens and testing equipment are shewn in fgures
45 pndl 4, and the more imporvtant peints of
procedire ave summarized below

4.52, Brock Snran Jorwt Trsr.

1. Usen wood of high density {hard maple of
nob less than 060 specific gravity iz cone
sidered standard), of straight grain, and
Iree from defect=.  Condition to a mois-
ture comtent of about T percent.

2. Cut the material inte pieces about 1 by 2.5
by 1% inches, or of such other width and
length ng to provide at least four spec.
mens of the dimensions shewn n figure
=i, Burface the pleces ameothly to a
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Fignre §=8, Block shorre foint festd TVesd speoimen and shoor dool  fealing siemehine,
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uniform thickness and glue promptly
after surfacing,

3. Glue ot least two joints for each test,

4. Follow the manufacturer’s directions
corefully i mizing the glue. Weigh
the component parts,

G, Spread the glue evenly on one of the two
pieces and apply pressure uniformly to
the joint within the assembly period Tim.
itations of the specification. The quan-
Lity of sloe gprend con be determined by
welghing the pleces immediately before
and after spreading.

B, Apply o pressuee of 200 to 250 pounds por
square inch for the period prescvibed in
the applicable specification and condi-
tion the joints for 6 additional days at
room temperatore before teating,

T. Cut the glued blocks into specimens of the
form and dimension shown in figure 4-0
and test on o universal testing machine
euipped with p shearing teol illustrated
infigive4-5. Apply the load to the spee-
imens at 0.015 inch per minute, plus or
minng 25 pereeil,

CUT E TREDUER (oW

g
C

Tty VA L O O

CUT G5 TREOWEN CORE

JPECTMEN 8

Figare 4-8, Flawood joint fegf: Test spocimons aud grips; foating sackbie,

& Record for each specimen tested the brenk-
ing load and the approzhmale pereentaze
of wood failure occurring over the glie.
line aren.  Compute the breaking load in
terms of pounds per square inch of glue-
line area.

4. 38, Porwoon JorsTt Tesr.

1. Glue three-ply panels with the grain of
the Lace plies at right angles Lo that of the
cove. The veneer chould be selected for
firmness, straightness of groin, and
freedom  from  deferts  (3gineh  yel-
low bireh 15 considered standard).

2. Each panel should be of o size sufficient to
produse ot Teast 10 2pecimens of the form
and dimensions shown in figure 4-6, A
panel measuring £ inches with the grain
and 12 inches aeross the grain of the faces
is a convenient size for entting the ve-
guired nunber of specimens.

5. Condition the venesr to o moisturve content
of about T percent.

4. Faollow the menufacturer’s divections care-
fully in mizing the glue,
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5, Glue the plywood under carefully con-
trolled conditions,

8, Condition the panels after gluing in ac-
coviunee  with provisions of corrent
gpecifications,

T. From each panel cot 10 specimens of the
form and dimensions shown as specimen
AorBinfigure 4-6.  Specimen A i3 used
when the face plies ave thicler than 0.047
inch anil specirmen IF when face plies nre
0T inch or less in thickness, Number
the specimens from each panel succes-
gively from 1 to 10,

8, Testin the dry eondition the add-numbered
specimens from each panel in o cement
briquette testing machine equipped with
special grips a8 shown in fgore 4-6,
Apply the load to the specimens ot o vate
hetween #00 and 1,000 poands per tninute.

9, For wel tests, sonk or otherwise expose Lhe
even-nombered specimens to moistnre as
specified and, while still wet, test in the
saane manner a5 deseribed in porngraph
& abowve.

10, Record for each specimen tested Lhe
breaking lomd and the approximate per-
centage of wood failure ccenering in the
List.

4,34 Ghoe Bererexoes.
(41} Beack, Jomw M., awp BEUCE, H. I,
1945, Durakifity  of Rosw-Tempeiabvre-Betding
and  Intermedicls-Temporeiure-Selling
Feegin Ginge Cared to Diffevent Degroes
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CHAPTER 5
PROCESSING AND FABRICATION

5.0. Seosoning and Storage of Lumber

501, Guxemar,  The quantity of water in wonod
cut from a living tree may have a weight that is
one-third to three times the oven-dry weight of the
wond ;o fveshly cut log 16 feet long and 18 inches
in diameter moy have a lguid content of mmore
than 100 gallons,

Sap, which is principally water, is the lifeblood
of a living tree; but alter the free is felled and
converted into lumber most of this moisture must
be removed before the material is snitable for use.
The meisture present in wood has an influence
upon s stremgth and  resistance to decay,
Changes in moisture eontent canse changes in di-
mension (sec, 2240}, In the seasoning process,
considerable ghrinkage takes place, and precan-
Hong must be token to prevent the nnequal shrink-
ami slresses from cansing defects, such as warp-
ing, checking, splitting, and ease-hardening,
The proper moistire content at the tine of manu-
facture is that which is best suited for the condi-
tions to which the magerial will be subjected
during manufactire and, later, during use. Spec-
ifications for airplane parts define limits thot are
intended o cover this range, so that subsequent
changes in moisture content will not be large
encugh to cause tronblesone swelling and shrink-
age.  The Anal avernge moisture content allowed
Tov propeller stoek 35 Jower than for otler sivplane
parts,  Propeller stock must be uniform in moie-
ture content, both as to molsture distribution
within each pisee and as between the various pieces
whicl make np the propeller.  This condition is
mist lilkely to be attained when stock s deied to
the moisture content speeified.

Details of how o determine the moisture con-
tent in weod are given in section 221

B.010. ke snoisture condent of wood iz depend-
el wporn the humddily and demperature af the s
ronding wir. When wood s subjected to o con-
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stonl tempernture and relative humidity it will
in time eome to o definite melsture content, which
is called the equilibrium moisture content {5-1),
This relationship betwesn the moisture content of
wood and the surrounding ntmospherie conditions
iz shiown in fioure 5-1 for Sitkn spruce, but 13 gen-
erally applicable to other species, Mote that un-
der constant banperatuve conditions the moisture
content inereazes az the velative humidity iu-
erenses, and that under constant relative inmidity
conditions the molsture content decrenses oz the
temperature inereases, In general, relative lw-
midities ave lower in the spring amd summer than
during the autvmn and winter, and senzoned
wondd exposed to these changes in humidity wiil
absorh or lese moisture secordimgly.

5011, Geographiesl varviafions én relative hu-
sdefity.  In addition to variations die o season,
thera iz alw a variation m relative hamidity in
different parts of the country as pfected by alti-
tude, proximity to the ocean, precipitation, o
some eomnparatively loeal condition. Table 5-1
shows the relative humidity for a number of
widely separated eities in the United States at
different times of the year. Similar seasonal
variations oceur in other parts of the world,  In
tropical and subbropieal avens, where long vainy
sensons are followed by long dey spells, the spread
of equilibrium moistare content betwesn seasons
my be considernble, Low equilibriom moistire
eomtent conditions may be expectsd in desert
aveas, while in Burope generally the averaga squi-
librinm moisture content would be as high as, or
higher than, that along the novthenstern coast of
the United Stoles

The approximate equilibrinm meisture sontent
for wood can be estimated for any section of the
country and for nny seasen by noting the velptive
hmidity given in table 5-1 and reading the cor
responding meisture content from figure -1 at the
particnlar temperature under congideration.  In
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this figure the solid ourved lines marked “RH”
denote relative humidity, and the intersecting
solid and dashed lines denote temperature.

Talle 6-4. Relative Humidilies ol Meren! Seasons in

Various Parte of the United Slotest

I Mesm ralative husidity in peroent based om
| dayilme roadrs

Citr | - ;

l W b | Bpring l Bammer | Autumn
Mew York, N.Y___, 78| 70 ™ 75
Clevelarnd, Ohia. | 72 T T4
Bpakane, Wash. . 82 | Gl 47 Gy
Bestthe, Wash_____ a3 73 GE a1
Fhaenix, Arls_.... 47 32 32 41
San Dviego, Calif___ ™, T8 &l 73
San  Frangisca,

Calif . T T4 A4 B
Demver, Cola. ... _ 54 51 49 i
Washington, I ., TE &% 4 T
El Paso, Tex__.__ . | 43 I 27 l il 4
Galveston, Tex_._.| 84 82 i 7B
Jacksonville, Fla.___i &0 T4 | &l I B

TThe molatve humidithes given ke are beeed o0 doytine radings mede
by the U. & Wogther Burtsa amil o mob alvo the mesn pnorsge bamidlsy
for 2o ur perisds,  Tho reletive himdd®iy during ke 2E2ht [=ammlly much
highor hon during theduy, s tho podibeiem medafors esatent wikl Jolkew
it Eein, averape humidicy for i 3-hoor perioed,

6013, Defermination of atmogpheric kenidity,
The amount of water vapor in the air, which is
termed “hunidity,” is nsually expressed either in
grains per cubie fool or a3 a pereentage of satura-

tion ; the first method of expression iz ealled abso-
lute hoomidity, and the seeond is called relative
humidity. Fertumately, the amount of water
vapor thet a given amount of alr can hold at a
given temperature is g fixed guantity; when this
(uantity iz present the aiv is spid to be sutnrated.
The amount of water vapor at the satnration point
of air increnses vaptdly with incrense in tempera-
tuve, At G0° I, 5.8 graing of water vapor per
cubic foot saturate the ordinery stmosphere,
whereas at 212° F. it will hold about 260 grains per
eubie foot. It iz generally more convenient Lo
conzider the amount of water vapor in the air in
terms of relative lumidity than as ahsolute
humidity. As olready, intimated, velative hn-
midity is always expressed as a percentage of
snturation.

The lower relative humiditiez represent dey air,
and the higher ones, moist aiv.  Abr ot o tempera-
ture of 126° I, for nstanee, can hold 2 maximam
of 40 grains of water vapor per cubic foot. Ifa
certain atmosphere at that temperature had only
U graing of water per cubic foot, it would have
only 1040 of the maximom amonnt it eonld lold,
which is o relative humidity of 25 percent.  Adr
with 28 percent relative humidity is comparatively
dry. At 125° F., the relative humidity of air
having 30 grains of water vapor would be 3040,
or T4 percent ; such air would be considersd moist,
The preceding example may be expressed by the
Iollowing formula:

amount of water vapor actnally present

in i given sphee

Relotive humidity percent=

maximnm amasnnt of wiler vapor possible

¥ 100

{the saturation volue) in the same
apace nuder the same temperaties

At any given temperatore dry air 1= heavier than
moist air. Hot air always is lighter than cold
air at the swme relative humidity and the same
pressurve, When water is evaporated Trom wood,
the heat required for evaporation is absorbed from
the air that earvies away the water vapor, with
resultant cooling of the air; the nel effect, in con-
epiienes, 1s to make the air heavier, since the gain
in weight brenght aboot by the eooling outweighs
the weight loss cnused by the increase in humidity.

The humidity of the surreanding aie not only
determines largely the rate st which materials will
dry, but it ales determines the extent to which
they can bedried.  The relation between lunmidity
in the air and moistore i the wood 15 an impoe-
Lant oive, sinee it is closely related to all drying

HIET§—31—11

schedules and, further, determines the extent to
which wepd for use nnder specified conditions of
tem perature and hemidity should be dried.  Sinea
humidity determines the deying charpeteristios of
air al any given temperature, the control of ho-
midity in the kiln is of prime impertance, Tt is
ezsentinl that the moisture be vemoved from the
wood surface at the maximum safe drying vate,
If the hounidity is too low, the woad w111 dry too
fast ad will be injured: if the homidity is tos
high, the deying will e slow anid expensive,
Relative homidity may be measured in o aom-
ber of different ways, but the wet- and dry-balb
thermometer is almost nniversally used for such
measurements in dry kilns (fig. 52}, This in-
strament is also kuown os @ hygrometer and as a
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Figere J-2. A ol- atd Jreb-budl biigromeler,
aindag

The ventesl reeereadi wmusl Do ghled ik acafer Ie Gocp Pe sedol: el gz
Avowrafs eemlings regedee belsk clronlafles of el pest Mo osd el this iz neialfy secoweod by foain,

I, slimg pepchvedrcler, The ade sirclaficn gegdod fo piacui's graporatlon Jeea Hhge seed wmielz b is soearod by
iehirling the leedroment around dhe baudde o § the glocve ¢ proteals Deth fhe digy WD o odal fho dect Dudlh,

pavehrometer.  The aille o muslin wicls for one of
the two thermometers of the nstrument, kept
inoist by the veservoir of water into which it dips,
iz eooled o certain amount by the evaporation of
water from its surface when it iz exposed to o
bireeze of nensaturated airv, and in turn it eools the
wit bulb it encloses, thus eaonsing the wet-bulb
temperature Indication to drop. The amount of
cooling is constant for any given tempersture and
humidity, provided that the reservoir contains
water enough to leep the wick moist and that the

velocity of the cooling air is sufficient. If the
aomount of the eooling, called wet-ballk depression,
and the temperature of the air are known, the
relative huwmidity can be determined by forumla
or by veference Lo a chart or table suclh as table
-2, In practice, the reading of the dry-bulb
thermometer gives the air tomperatore, sd the
difference between that reading and the reading of
the separate wet-bulb thermometer gives the wet-
bullb depression ; both thermometers ave monnted
o1 OnE PEanel
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Ta pazenre acenraey, it 1s essential that the wick
be clean and that there be o brizk civenlation of
air over the wet bulk. A velocity of at least 16
foat per second is desirable for acenvate readings
at atmospheric temperatuves, At ordinavy kil
temnperatures, however, sufficient pccuracy can be
secured with very mueh lower air velocities,

With certain fypes of wel- and dey-bull thee-
mometers, eirenlation past the wet bolb is pro-
doced by whirling the entive mstrmment.  Suel
instriments are koown s sling psyehrometers
(B, fie 52}, Other instroments wee provided
with maximmm-vending thermometers, so that they
cin be vemoved from the kiln and vead outside,
The mereury or other floid colomn in thess thee-
morneters must be shaken down before they nre
nsed pgain, They indiente only the maximm
wet- and dry-bulb temperatures gincee they were
last shaken down. If the temperature and hu-
midity vavintions have been reasonably great doe-
ing this time, the readings will be mislending.

Table §-2 is for wse with wet- and dev-bualb
thermometers. It iz based on the difference be-
tween the wet- and dey-bulb temperature, The
dry-bulb temperatures are in the left-hand column
and the differences batween wet- and drey-bulkb
termnperatores are in the top row.  Doth velative
hmidity and equilibrivm moisture content valoes
ave given af the intersection of the row and the
colnmn,  Suppese the dry bulb veads 140° F. ) oand
the wet bulb 150° F.1 the difference between them
is 10%, Dy reading acvoss the 140 row fo column
L0, the velative humidity of the air will be found
tobe T4 percent ond the equilibrinm moisture con-
tent of wood 12 pereent.

Instroments reeording humidity divestly ave not
commonly wsed i lomber dey Jilus, Usually, in-
struments adapied for this purpese record wet.
and dry-bolb tenperatures from which velative
humidities may be determined, Tt 15 obvions, of
eourse, that sucl o record ean be secured by the
use of Lwo sepavate recovding thermometers, ons
smitably eguipped with o wet wick over the bulb,
1t is just as obvions that a better arrpngement
would be to have both records on the sume chart,
il this is a very common type of recorder, These
instruments ure known also as wet- and dry-bulb
recording thevmomelers, vecording payehrometers,
and recording hygrometers, In principle, tem-
perature-humidity vecovders, usually degigned for
ordinary atmespheric tenperatures, are similar
to recording thermometers, theve being two eom-

140

plete components n a single case, one to record
ternperature and the ather homidity.

Two types of wet bulbs are used in dvy-kiln
work, the well-known wick-and-water-trough type
and the porong-sleave type. In the lntter, a porons
sleeve of alondum or other suitable material, which
aurrounds the wet bulb, is lept filled with water,
The water, gradually seeping throngh the poroos
wallg, is evaporated on the sleeve surface, produoe-
ing the neceszary depression of temperature in the
sleeve and the contained bulh.  DBoth types ame
theroughly reliable and satisfoctory under proper
operating conditions. Hard water soon elogs up
the porons slesves, jnst ag it encrusts the wicks,
but the glesves can be eleaned very ensily by im-
mersing them in muriatic {hydrochlorie) aeid,
nnd the wicks can be changed at slight trouble pnd
exXpenss,

D018, Malsturs confent of seossned lumber,
The trade terms “green,” “shipping dry,” “air
dry,” and “liln dried,” althongh widely veed, have
no apecific or agreed meaning with respect to
maoisture content except mn a few enses whers
Tumber association rules define moisture content
limits for kiln-dvied and aie-dried stoele.  The
wide limitations of these terme as ovdiparily used
nre coversd in the follewing statements, wlhich,
however, are uot to be construed as exact defi-
iLions

“Grreen Tomber™—lnmber (hat may be freshly
cnt or partially seasoued bot which lns not yet
reached a shipping-dry er air-dry condition, The
term may also be applied to moterial that has
a higher molsture content than is acceptable for
stock being monufactoved into fniched products

Aghipping-dey lember™—lumber thot has been
portially dried, either in a lkiln or by abe drying,
to reduee weight and freight chavges, and which
may have o molsture content of S0 percant ar more,

EAm-dry lomber"—lomber that hos been ex-
posed to the aie for any length of tme.  Tf ex
posed for o suflicient tine, it may hove o moisture
content, ranging from & peresnt, as in sSonmer in
the arid Seothwest, to 24 percent, as in winter in
the Pacifie Northwest, For the United States as
. whole, the minimum moistare content. range for
thoroughly sir-dry lumber iz 12 to 15 percent in
the snmmer, and the pveragre i3 somewlnt higher.
Sormetimes terms such as ®00 days on sticks™ or
“2 months in the yard” are used instead of “air-
dry™ to denote length of time in the yard piles,
Sinee stock seasons slowly in cold weather, less
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diwing would take place during the winter than
during the summer, and a given pericd in the yard
wonld not menpn the sume degree of seasoning in
cold or wet months ps wonld occur in sununer or
dry monthe {table 5-3).

“Tiln-dried lumber™—lumber that Tias been kiln
dried for any length of time. The terim applies
to stock dried to “shipping dry,” as defined above,
8z well ps to stock dried to a final molsture content
of B to 12 percent.  Specifieations covering liln-
dried lumber intended for immediate processing
into o finished product should state the average
moisture content, tolevance of individual pieces
pbove g befow the averame, mul moisture dis-
tribution hetween surface and center. For airv-
plane stock, whers maximum strength is a factor,
it is nlso necessary to speeify the maximum tem-
peratures permissible at various stages of season-
ing.  Suel limits apply, of course, even to stock
dried to o shipping-dry condition.

5,014, Coatings that prevent end eheoks.  Wood
dries morve rapidly from the end grain than from
the sice grain, and is apt to check and split during
sensoming unless end drying is petarded,  For this
reason it is advizable to nse a moisture-resistant
end conting on wood during air sensoning or lkiln
drying, especially on woodls which are dificull o
drvy and on short kiln sumples,  As end checks,
onca starvtad, are haed (o stop, such ecatings should
be applied as soon as poesible to the freshly cnt
ends,

The eoatings ovdinarily used are of two kinds.
Those of the fivst kind ave liguid at ordinary tem.
peratures and can be applied cold; the second are
solidl ot ordinary temperatnres and must be ap-
plied hot, Cold coatings have the sdvantage that
they may be nsed ns eazily on logs and lomber as
on kiln samples and dimension stock ; hat coatings,
becousze of the nzoal metlhed of application {end
dipping ), are net essy to use on lavge stock,

Tabiz 5-8. Approvimute Meisivre Canlent o Peveent of Thoronghly Airedry Iinck Stosk by Maouths for Differend Regions
| | l | ] | g
Fomet noglom ¢ : ]glrl;..:.- l l"ﬂ" I Afarcs | Apeld | May - Tuue l Taly l August l Bdgln:;lﬂ-l Ijﬁ:rﬂI ;hnﬁ_m-! Uﬁm-
——— ———i_ - l : - I
Californls pioe__ S - T [ 14 12 10 q l v 10 12 1t 15
Redwead - ______.___.____._ | 24 23| 22 il 1 i 10 15| 15 16 17 1 1
Intand Empire ® Mo oMW 18 L 14 1o 1m0 13| 0 )
Oregon and Washington_ . | M s I8 4%, 15 12 13| 1k 14 plrs i
Bouthern pine. .o ._______| ) | S T l ...... | ...... I 14 | 14 LN b | 20
| I |

LIn thearld Beutlwist during e deicst parilon of tlie yearair-dry Tumber
driis dowm be botweon § ad 10 persen| malslist caniens.

Either eold or hot contingz con be nsed in the
lkiln, but each tvpe lns s advantages and dis-
advantages.  Hot coatings should have o melting
point anfficiently high to prevent a brealidown
in their efficieney under the kiln temperatures usad.
In general, this requires o melting point approxi-
mately 30° to 40° I, above the Iiln temperptures,
Hot contings, a3 a type, are very water resistant
amdl, when properly used, pre more effective than
the eold coatitgs,

Exeessive shrinkage of the wood and rongh han-
dling often cause the end coatings to chip or
shear off, and o fresh application of the coating
shonld then be made. To reduce end drying suffi-
ciently, thers should be o thick unbroken copting
over the entive end surface. Hot coatings ars
nzually applied by dipping the wood approxi-
mately one-half inel inte the lquid or by firmly
pressing and volling the end surface over u [ree or,

: orthensteen Mantana, [dahe sreth of the Sibman River, Wosldngion
wied ol Ehe Coand Mountaing, snd the nooriboasgiss U of Dregos.

preferalily, o power-driven voller, the lowsr por-
tion of which extends into the hot coating.  Cold
contings should have about the coosistency of
heavy syrup, and are nsually applied by brosh.
They should be allowed te dey o fow hours before
being subjected to keiln temperatures,

The two beat eold coatings developed at the For-
est. Products Laboratory ave harvdened gloss oil
thickened with borvtes and magnesiom silicote
{very clieap), and o mixtore of phenelic-regin var-
nish and aluminwm powder or paste. The latber
Qmﬁug 13 expensive, but when two eoats are np-
plied it is very effective and has some advantage
over the Tormer,

The mannfacture of havdened gloss oil involves
techmieal operations and should net be attempted
by the novice. DBecause gloss oil is made commer-
einlly in o number of ways, and becauvse some of
the products ave unenited for end ecatings, o gles

([-1]
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ol should be specified thet is made in accordance
with the following formula

6t 8 parts by welght hydrated lme.
L0 parts by weight rosin,
57.06 parts by weight mineral spirits.

To 100 ports by weight of Lhis gloss oil add 25
parts barytes and 26 parts mapnesion siliente,
One or two parts of lomphblock may also be added
if o blaek conting is desired.  The magnesium sil-
ieate helps to keep the piygment in suspension.  In
tirne, lwowever, it will settle, and the spirits will
evaporabe.  As a vesolt of these two actions, the
filled hardened gloss oil tends to become pasty if
allowed to stand any considerable period, Tt is
suggestod, therefore, that the user protect his gloss
oil from evaporotion and mix relatively small
quantities of it with the baryvtes and magnesium
slicate ps needed.

Paraffin has proved very satisfactery as sn end
eoating for stoek duving wir ssagoning, but cannot
be used in the kiln because of itz low mefting
point.  The following hot contings are satisfac-
bory for all ordinary kiln temperatires:

(1) Coal-tar pitches or agphalts with melting
points between 195° and 213° F.

(2} Mixtures of such coal-tar pitches and as-
phalts, {For instunce, 100 parts hy
welght of 2137 and 40 parvis of 1567 F,
coal-tar pitch plus 28 ports of 280°
nsphalt. )

(3} Rosin and lanpblack (100 pevis by
winght of rosin te 7 parts of lampllack),

C(d) Any  mimture  of  ligh-melting-point
pitches wnd rosin.

6.02, Care awo Sprraest o Laostser Prion o
Spasoxivc. Under favorasle temperature con-
ditions, the smpwosd of green lumber is subject
to attack by mold- and strain-prodoucing organisms
if left in solid piles for several hours before siael-
ing for drying. Ewven the heartwood of some
gpecies may be affected. Protective measnres re-
guive quicl transfer from the mill to the kiln or
air-sensoning piles.  Some species (5-8) ave more
susceptible than others and require special meas-
ures of protection, such as end-vacking, for 2 or 3
duys before piling in the yord, o dipping in toxie
solutions ns the stock passes on the green chain
along the sorting table,

Stain and mold fungi vsually do not grow below
a temperature of 35°% F, and above o temperatnre
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of 100° 7., bt the most favorable conditions rangs
betweesn 75 and B5® I7.

Green stock piled in freight cars is subject to
the snme hazards as solid piles ol the mill, ag-
gravated, however, by the fact that the time el
ment is greatly extended, ond that there i proe-
tically mo ventilation around the piles.  Gresn
stoele might be safely shipped 1if it is ent during
eobcl weather and the temperatures during transit
temain low enongh to prevent the growth of fungi.
Stock having a maximom moisture content of 20
parcent will not support the growth of fongi ani
nsinlly may be shipped safely. The possibility
of stain developing in solid piles of lumber con-
taining sapwood is affected by three factors—tem-
persture, moisture content, and time. Tt i3 cus-
tomary trade practice to shap stock called “ship-
ping dry” both an ships and in freightears.  Such
stock may lave a moisture content of 20 percent or
more, and with Tavoerable temperatures may stain
end mold in transit.,

Stacking green lumber on stickers in o closed
freight car does nol prevent stain, ot dipping
such steck in a toxic selofion and then stacking
it in a closed car dees provide considerable pro-
tection even if the atocle is bullk-piled.

SBtacking lomber on flat cars, either solid or
on stickers, s many disndvantages. Unless it
is protected by cover boards or waterproof paper,
serious damage from checking usually vesulis,  If
go protectel, the problems ave muoch the same as
in closed cars,

If erergency conditions require the shipping of
green Inmber wnder conditions linble to canse stain
ar deeay, the stock ghould be dipped in an anti-
stnin solution and, after arvival at destination, the
lumber should be unleaded at ones and kiln dried
oF stncked for alr sensoning ne described in see-
tion 508, If atain or deeay alveady is present,
the Tumber should be placed in o kiln and steamed
as deseribed in section 5.04.

503, AowSeasnwise. Seazoning proctices differ
materially in the warions timber-producing re-
giong, nnd also as between hadwoods and soft-
wordle even in the same lecality (5-5), Generally
hardwaonds are atr dried belore shipment, wherens
often the upper grades of softwoods ave kiln dried
green from the saw. It may be necessary to carry
a anrplus stock of lumber to insure sgainst short-
pire at the time of manufacture, I the stock i
green, sdvantage may be talen of this intermedinte
period to reduce the moisture content, thereby re
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ducing the time required for lkiln drving, At sofi-
wood mills, the lower grades and dimension arve
naually air dried. Since most siv-dried stock nsed
in airplane products will be kiln dried, it follows
that the gquality of the finished prodoct depends
in o smoll mensnre upon the core taken in the
preliminary air sgasoning,

Piling that is eorrect for air seasoning must
accomplish o number of objectives: TE must pro-
vide proper air civenlation, it mist offer snitnble
protection Ffrom sun and rain, and it must keep
boards straight and flat while they are deying, If
these things are accomplighed, the best drying will
vesnlt and deying defeets will be at o minimuom.
Among such defects may be mentioned stain and
decny, end and surfuee cheeking, and warping.
¥o one rule will apply to all wenther conditions
and to all classes of stock; some species must be
apen piled to hasten deving and therely avert
stain, while others muat be clossd piled to prevent
too rapid deying, which may canse checking. The
following genernl prineiples will apply to most
genEoning vards,

5030, Stein prevention. If dain iz likely to
ceenr, freshly eut lumber containing sapwood
should be dipped in or sprayed with on antistain
solution for protection against fungi attacls dar-
ing the air-seasoning pevisd (5-5).

5001, Fowsdoations, The pile fonndations (pile
bottoms) should be construeted as follows:

{2} The foundetions should be rigid and
properly leveled.

(& The fomdations should be high enough
from the ground to allow good cireuln-
tion. The minimum distonee from the
ground to the underside of the lumber ot
the vear of the pile should be 13 inches,

(¢] Foundaiions should slope from front to

vear about 1 ineh to the foot.

Material for pierz is listed in order of
durability and should be so selected when-
ever nvailable:

Concrate or masonry.

Pressure-creosoted blocks of any spe-

cies or the heartwood of baldeypress,

redwood, or cedar,  (When un-
freated woods ave uged, all points of
contact shonld be siven two conts
of hot eresote. )

{£) Deamz and stringers should preferably
be of steel, or pressure-crecsnted timbers,

Untreated durable woods with twe coats

[

e
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of hot creosote at points of contaet may
be need when either of the first two are
not available

{f1 If existing pile bottoms are to be nsed,
they should be inspected to see that they
coply with the requirements given as
to height levels ond drainage conditions,
All weeds, debris, and desayed wood and
vegetation must be cleared away. Any
part of the pile bottom containing decay
should be removed or the decayec aren
ent out.  All wood parts should be
puinted with two coats of hot ercosote.

6082 Aér fues. The following minimum re-
quirements shonld be followed ;

(o) Even-width stock should have space bs-
tween the hoards or planks net less than
M) percent of the width of the board.
The bonidds in esch sueceeding  layer
should be placed divectly over those balow
so that the spaces between boprds will
form uninterrupted vertical fAnes.

The lateral spacing between the edges of
boards or of gronps of boards totaling 12
to 14 inches in width should be at lenst
four inches, so arranged a3 to Torm
strmight vertical Mues in the pile: or in
mneven-width material one tapering flue
not less than 12 inches at the bottom
shonld be used for a 6-foot pile, and two
such flues in wider piles. With the
tapering Hue, the space betwom acdjacent
tiers of hoards shonld be nob less than
1 mich.

B.0AR. Sfickers, The following minimum re-
quirements shonld b followed :

{a) All sticlers must be sound, thorenghly
dry, free from stain, and of uniform
thickness.

(%) Each tier of stickers should be aligned
and rest cnoa benm,

{o) Stickers for 4/4-inch lumber should ba
of nominal inch stoek or thicker and wot
mare Lthan 4 inches wide, For thicker
lumber of ramlun length, stickers shonlid
b at least 134-duches thick for greater
stiffness and strength and not more than
4 mches widse,

Stickers shonld overlop the ends of the
boards at least one-half inch to reduoce
end checking,

(5

—

(d

P
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(e} Stickers shonld net be more than 2 feet
apart for hardwoods up to 674 inch in
thickness, For thicker hardwoods and
all softwoods, the equivalent of five rows
of stickers for 16-foot stock should be
used,

() Adrernft stock should never be =self-
stickered, _

B3 Placing of Tember. The following mini-
mnm vequirements shonld be followed

{a) Pilesshould be erected of boards of equal
length wheyever practicable,

{B) Box piling shonld be wsed for mixed
lemgilis, With this system, the longest
atock is piled in the outer rows and short
lengths within the pile, with one end of
& bopred ot one end of the pile and one
el of the adjacent board at the opposite
endl.  In eneh snecesding laver, the out-
side endls of boards ehonld be kept im-
mediately over the ends of thoss balow,

(o) Each layer shoubd ke conposed of boards
of the sume thiclmess.

(@} The pile should have a forward piteh to
the extent of 1 inch forr each foot of
height wid a slope frou front to rear of 1

- ineh for each foot of length.

{e) Narrow piles are desivable for stock that
will withstand rapid drying and wide
Piles for stock that is liable to checls and
honeyeomb,  Common pile widtha eunge
from 6 to 14 feet.

(f¥ The latern] space between piles shoulid be
at least 4 feet, and the distance betwenn
the renr ends of the piles ehould be at
least & feet,

8085, End coatings. End coatings should be
applied in all cases where end checking is objec.
tienable.  Several satisfactory end contings are
tistedd under section 5014

B3, Coverdng, AL waterinl shonld be nnder
cover either in an open ghed or with roofs over
individual piles. One satisfactory type of pile
reof conzists of Lwo layers of lew-grade boarda,
those in the wpper layer being siogrored with re-
spect to those in the lower layer.

(a) A minimumn front height of & inches
above the lomber, with a slope of at least
1 inel to the foot, should be required,

(&) The ends and the sides should project
sufficiently to prevent snow and min from
benting mto the lumber piles,

Thd

{2 The voof shonld be securely fostened,

8,087, 8ite. The yard should be well drained
and leept free of weeds and debris,

0. Kmw Dmviwe of Lostoee. Lumber i=
kiln dried, first, to reduce moisture move guickly
than in air drying, and, second, to reduce the
moisture content to o lewer point thay can ordi
narily be attained in air drying,  In additien, &f
stain, decay organisins, or woel-boring inseets are
present, the lumber will nsually be sterilized and
the borers killed.

H000, Essentialy of Good iln Drying,  Lan-
ber intended for aivpline parts vequiring maxi-
tm strength and mintmom dimensional elinngres
after manofoeture must be free from sarfoce or
end checks, honeyeomb, casshardening, and warp,
pnd the moisture content and moisture distribs-
tiom toust be within the range best suited for con-
ditions of service.  Properly designed kilns have
Lot temperatore and humidity woder antomatic
eontrol g that the optimum conditions of drying
ean be maintained during the sensoning period.
Civeulation of wir, adequate in both uniformicy
and volume, iz necessary for goml control of tem-
peratire  and  baovmidity. The  initial - drying
period, during which the stocl: is green, is the
most eritieal stage or time that the stool is most
likely to be damesed. Tt is during this peried
that the lowest temnperatnres and highest homidi-
ties are needed and wniformity of control can be
obiained best with the aid of faus, blowers, ar
other mechanieal means of stimulating eiveuletion.
After stoclk has been dried fo a moisture content
of 26 percent or lower, less cirenlation is required
to obtain seenrate control of the drying.

In double-troek kilus in which air enters ot one
side wall, passes throngh the piles on both trachks
und thenee into the space betwesn the lond wnd
the opposite wall, a smonll heating coil is sometimey
located i the space between the two londs. The
abject is to male up the heat loss that develops ns
the air passes thveugh the fivst load, These booster
coils, while acceptabls in standard commeveinl
drying, are not desirable as a rule for the deving
of airplane stoek.  Their use shonld be permitted
only after examination to determine if they cnuse
excessive bemperatures,

S.0400, Madericl.

{1} Species of the same drying characteristios
may be included in the same charge,
(2) Pieees should be deied n the smallest
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sizes to be used and which ave practical
to handle, rather than i large dimen-
2hons,

Reasonable varations of thickness may
e tolernted if dirping conditions ave regu-
lated for the wettest, thickest, ond slow-
est diving stock and enve bs taken Lo give
ench thickness its proper finel condition-
ing treatment.

8041, Temparatire and relative Rawidity, The
gpecifications define maximom temperatures Lor
warious species of Tomber at different stages of
drwing and the bulbs of the recording hyzrometer
and centrol bulbs of the thevmostats should be
located, if practical, where they will measurve the
st severe drying conditions,  Im reversible-

(2

circulation kilns, dual dry bulbs or other aceept-
able means of controlling the temperature of enter-
ing air shonld be used,

Maximum temperatires ave tabulated in the
specification beeause temperatures in excess of the
valnes allowed for different degrees of drynes
ave likely to reduce the strength of the wood, Rel-
ative humidities at permissible kils temperatures
have no deleterions effects on the strength of the
woodl as long as they are high enough to prevent
checking and honeyeombing; hence, the humidity
schedule iz left to the diseretion of the kiln opera-
tor. For the kiln operator who has had no ex-
perienee in drying o given itemn of aireraft Tumber,
the relative humidity schedules in tables B4 to
i-8 are offered a5 a guide. In general, they are

Tabie 5-4. Suggested Belutive Hawidities  for Temperatures Specified in Schedule 2 af A N- 120

l 'Per:rnlrutl:lllr: eanbens ot wlidch ehasdcs are mode—
Apovias Thkhn‘.ﬂ —
l Aboredn | 4o | BN l e l].nl.u-nna'l
T — _—

|
| oder | 3¢ R I' 2 F‘ , r4s° wrr | s p l WEE ) e

Mk fir e 1| 05 % 50 45 | sall 35
Feesl pitvan. .. S 1| i | M & 45 | an; as | s
Rerch BOFUEO oo I | T&, fill 0 45 | 10 35 %5
Sitka spruee. . R ""---"II 1 Th ] a0 14 40 | a5 | 5
Wit spruct. ... __. B i 75 1) 50 i | 40 | i ! 25
Poré Orfard white-vedsr. ... _....| 1 T 60 5 15 | 40 | 35 | 35
_ ! - - | ' _
¥ In Ai-inch and wiler fal-gralo smive iy, rotad ive hrmbdltles spgrasimataly 10 peecend bighee should bo nsed dardisg Dhe Best 2 sehedulo perlods,  [n drying

nirernlc [mter in n netnenl-drelt Ciln, Ve eelacioe gt fes Sagpeaiod B ihix table gy B cedyood phoad § perosd.

ToMe 5-8,  Suggeated Relwive Humadities for, Temperadures Specified in Schedule 5§ of AN-1T-22

Toreent webdire ropfosit at which ehonpss sne moade—

|| Thickness

Species i - 1 —

| Abow s | isEn | M l 25 1o B ! o s L5 mw_:n_j ¥ Lo fAinal
S I — } B SRR, —

| Inphis [ F. ™ = F, 1 F, | rse FL g g 150 P,
Dhirglnstir ... .. __. e 1 b A3 B | 40 35 35
B G- . oo e 1 65 50 My ai | 4 as 3
LTS R | 1 1) 0 40 A a8 | 33 i
Silver maple. .. ____ e 1 80 ™ 70 60 [ s0( 40 a3
Bugar maple. ..o oo e oL i A0 75 i o | A 40 an
Yellow-poplar. . ... _. F ! 1 i A Th il ;':Cl; k) b5
L U B L 65 60 55 Ol 4B 83 25
Ted plne. oo e e e ] 1% 75 70 ol 40 41 an a5
T T S, | 1% 73 T a0 45 a0 | 35 a3
Bed sprace ... 1% 75 w5 | 40| 3 8
White sproce_____ I b 73 T 1] i | 40 15 35
Port, Orfond white-edar ... _..__| 14 i 85 50| 45| 0| 35 35
Bilwer maple_ ... T 7, 70| 6| a0 40 35
Bugar maple. .o o] 1% 0 T | Ti ' o | !ml 0 | ]

1 | ] ] 1
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conservative, and experience with a partienlor
kiln should afford o basis for improving them.
The relative humidities in the Inst stase of dey-
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Table 5-t. Swppesied Holative Mumiditiss for Temperatures Specifed &0 Schedule § of AN-W-2a

Toreent meisture oviton ot which chages are mals—

|
Thinkniss T
Atovodd | 40 w0 l Wl 7

ing ean be lowered with safety as fur 03 checking
is eoncerngd, but speh o veduction will tond o
increass the range in fnal moisture content volues,

Bpunkes ———————
L"'_:Ih:.ﬁl ! ) e 18 1500 10 L0 L final
Inzhed e R, | M F | B F wEE | fge R P F. 154 R
Boldeypross . o cnn e 1 T i 45 40 a5 35 15
Babdewproas. o oo 1% 75 50) 45 4n 35 85 a5
Western hamlosk- .. oo 1 5 o a5 50 45 36 35
Epztern white pine ... oL . 1 [i] 55 50 45 40 35 &5
Panderosa pine. - .ol men 1 ¥ il B 45 40 a4 HES
Wostern whike pine_ o, ... ... i Gl 55 A0 45 44y s as
Blaek walaot. . 1 &0 T4 T ] 55 415 k]
Black walnl . oo e e ecm e e 14 A 75 Ti 05 | 5 45 a5
Dougins-fr. .o e 11 ] as Ll A A a5 35
Red v e 1% k(] G0 it 40 34 k] 45
BUEAL DML o o e e e 1K 5] 58 Sl ) 40 35 30
Yellow-poplnr. oo . oo 14 &0 T T Bl | 0 14 35
Mabbt G5 e 2 75 0 55 T 45 ] G
B PANE - oo e e 3 a0 T a8 50 | 45 25 25
Bed spruee. oo e b4 i 75 55 i) 4% kL 35
BIAA SQEBRC . oo ae 2 )] 7 55 Bl | 45 45 )
White spruee. . ._____ 2 50 5 55 50 || 45 s 45
Fart Ocford white-sesdnr_ __ .. _____..__. z k1] 5 it ] bl 465 33 a8
| | ] | | |
Talle 5-F, Kuggesled Relabive Muwidities for Temperaiuras Specified 1o Schedule 5 of AN<W—-2a
I Forgett mstistpre conteni ok which chenze am made—
i Thickmoss T - T =
Avovedt | wtem | @uws l_iimm | B1s | temw | 196 fined
fohes | smEE | saer | R | e R | weE R | LR | R
Comunereial white ash, .. ___.____. L £il) 748 T i G0 15 35
Commereial white nsh. .. __.__. 14 A 75 T i1} 50 B 45
Yellow Bivete o oo e e 1 &0 75 T (k] i a5 Ab
Wallow Dired . oo e 1% b=l Th 0 i A0 35 25
Biack oherry_ .o ... JR 1 B0 5 ] i ah 45 i
Blapk eherry oo oo e 1% A0 5 T il 55 43 a5
Hhays {African mahogany) o .. U i &0 75 70 £ 50 0 35
Ehava {Afrfoun maboganyy ... ... __. 14 Bi) T4 T e Al 4l Ak
West Indies mahowany .o .. _ ... 1 B0 75 0 Gl 50 an 45
West Indies mabogany . ..o .oooo.. 134 S0 75 T & S0 Hy B
Baldaypras. oo o e e 2 =) T A0 45 40 35 25
TDhourglaa-fir, oo oo oo R o Th 0 il i) AT 34 35
Panderesa plese, . oo 14 s 5l 30 45 40 b5 an
Bad 6ir. o e e 2 ki) i i B 45 a4 ES
BUEAr i . e P e m 2 kil o0 43 3 3k ] 4t
Yollomwepoplas. oo oo 2 RS Th Tl il 5 15 a5
Red spruee. oo . 3 ) 75 T 50 48 a6 35
T T A T - 3 B Th 70 50 45 4 a6
B s T S 3 40 T5 T 1 45 e 35
Puort Orford white-cedar. . __ .. _____ ... 3 bl Ta 70 3 45 40 as
Enpstarn wlite g, oo oo o 154 (it 35 A0 45 40 a8 as
Western white piee_ - ... ___._... l}él 5 55 50 ik 4 is 35
| |
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Table 5-8, Suggested Relotive Humidiliea for Temperatures Specifed in Scheduls 6 of AN-W-2u

[ Perecat medstore motent ot whish chanms are mads—
S e Thickpms (—— -

' Abeve §) | 40 to 30 | Mt ! o i ' ok 15 , 13 10 I:nmﬂud
Tnches 18 P in® F, ,_m- F. & F. raf F. 14 F, l 156" ¥,
Best i v o e P &y 75 T il v 35 a5
Weatern hemlbock . _ . oo ool 2 a0 0 50 50 EL a5 as
Wastern hemboek. ool 3 BS 0 [ 56 45 5 ah
Eastern white pine_. oo ..o . 2 &0 70 5l 50 40 33 35
Ponderoes pioe. oo ool Las 2 T £ 50 45 A a6 a8
Pomderasn pine_ . Lo 3 RO Eill &b ] 40 HE] 15
T a &5 0 55 50 40 3 25
Sugar pine. ..o ... e 3 T ) 08 i A ki a5
Western white pine_ . . oo 2 0 a0 45 4 ab BE a5
Yellaw-poplar. oo e 3 Bh i) T8 05 55 44 ab
Ted BRPTUWOE_ oo oo S a4+ 35 B} 56 45 40 35 35
Bitka SPruoe. . . ..o e i+ B 50 50 45 40 &h a5
B | a4 B 20 50 , 45 | 40 l 35 , 35
G042, Piling, The method of piling should be (1} Nominal 1-<inch stickers should be used

suited to the cirenlation system of the kiln in
which the stork will be dried. Two general
methods of piling are need: edge stacking, with
the stoclk standing edgewise in the kiln truck with
the edges touching, the faces of the board sepa-
rated with vertical stickers, and the cireulation
intended to be up or down through the open
spaces hetween the fuces of the boards; amd flat
stacking, with the stock lnid flat in the load, spaces
provided between boards, and stickers Iaid hori-
gontally, The latter method is preferved, becanse
it tends to hold the lumber move nearly flaty cir-
eulation may be vertical, horizontal, or a combina-
tion of both directions,

These two methods of piling arve applicable to
gither patural- or forced-cireulution types of kilns,

In natural-cirenlntion lilns the air movement is
gpenerally downward threugh the load when the
stocl ia relatively rreen and npward when nearly
dry.  In edge stacking, the pile provides the wee-
tieal flues suited to this air mevement.  For flat
stacking in natnral-cirenlation kilns, the lateral
gpacing between the edges of bonvds or of groups
of boprds totaling 12 Lo 14 inehes in width should
bie it lenst 4 inches, so aranged as to form straight
verticn! flues in the pile, In piles 5 feet o more
in width n vertical flue may be provided also in
the midile of the load at least 8 inches wide from
the bottom of the pila

In {orced-cireulation Kilus, the degign of the
lzilu vanally determines the method of piling best
adapted to the cireulation system,

for all edge-paled stock and for fat-piled
stock wp to 674 inch in thickness, and 144-
mneh stickers for random length stock
thicker than §/4 In flat piling, the
sticlors must be in vertical alinerent, not
more than 2 feet apart for ¢/4-inch stock
and not moere than 4 feet apoart for stock
thicker than G/4,  All ericler tiers must
bear on beams or cross ties,

Each layer should consizt of boards of
the same thickness.

Filing should be se done ag to avoid over-
hanging ends of boards. AL least 24
inches should be allowed between the
loads and the side walls,

{4} Bex piling sheuld be used for flat-piled
stock of mized lengths. With this sys-
tormn, the longest stock is piled in the oater
rows and short lengths within the pile,
with one end of o board at e exd of e
pile and one end of the adjacent board at
the opposite end, In each sunceseding
TInyer, the outside ends of boamls should
be kept imuedintely over the ends of
thozs balow,

5043, Steaming,  Auy opersting condition, at
or above eparating temperatures, nsing humidities
high encugh to prevent drying, or that wonld add
meisture to the stock, may be defined as steaming.
It i= not good practiee to zive air-dried wood an
initial stenming treatment. When necessary to
sterilize wood to kill ‘mold ov stain, an initial

{2)
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sleaming treatment may be given ; otherwise, hoth
green and sir-dvied wood shoubd be started off
at the initial tempersture and relative humidity of
the drying schedule. Duving the period while
the kil and the load are being heated to operating
eonditions, the wet-bull depression established by
the schedule should be maintained as closely as
possible.

Throughout the drying period the surface of
the stoek is consistently at & lower moisture con-
tent than the center. Warly in the deving opara-
tion thire may be a wide difference, hul neay the
end of the drying period the difference decreases.
Btock dried to 6-percent moisture content would
hnve less variption between outer portion and core
than exists when the moisture content averages 12
percant,  Sinee the specifieations limit the accapt-
able difference in moisture distribution, the opera-
tor must plan his final aperating conditions to suit
the final avernge moistire content of the charge.
In principle, it will be neceszory flest to determine
the average moisture content at which the charge
is to be undoaded, then to earry the avernge meis-
ture content of the load below that value to bring
the moisture content of the core within the allew-
able Timits, and finally, throngh the vse of higher
humidities, to bnild np the surface molsture eon-
tent slightly to establish the desived aversge, This
final steaming {conditioning) treatment will also
be valnable in reducing easshardening strisses,
The liniting conditions doring final -:nml:imumg
periods are specified in AN-W-2a,

A conditioning treatioent at or nesy the end
of the run will wsually be necessary to bring about
uniformity of moistuve content distribution in
ench bowrd and to velieve =evere costhamdening
atresser,  Casehardened stock ghould be condi-
tioned at o temperature not over 747 O, (163° T)
and at bomidities that will permit the stock to
pick up net more than 2 pereent of moisture, based
on the average moistere content of the kiln sam-
pleg; but in ne esse should the humidity be zuch
ne to prodoce stock hoaving o meoisiure content
value less than 8 percent op mere than 12 pereent.
The sonditioning treatment should continve long
enongh Lo religve the stresses and bring about the
specified degres of meistore uniformity in each
piece,  The nsual time neecssary is approximately
5 hours per inch of thickness for softweods and
from 18 to 24 hours per inch for hardwoeds, In
order that these comditioning freatments ot or
near the end of the run may be most effective, it
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iz necessary that the range of molsture content in
the boards making np the kiln charge ba as small
a5 possilie.

5044, Seleation of semples, The kiln operator
should use great care and judgment in salecting
material for use as kiln samples and in locating
the samples in the kiln chavge so that they will
fully represent the conditions of the charge daring
the drving operaticrn,  The specifications require
that there shall be at lenst 12 samples, six from
ench of two honrds, for ench kiln chavge and that
they represent the wettest and slowest deying class
of materinl. Tn mixed thicknessea or mixed spe-
cies, adiditicnal samples of the fastar-drying stock
may prove of value as well ag additional random
samples representing the heavy beards. When
samples are propared, the ends showld be conted az
soon as possible pfter cotting to prevent end dey-
ing. Moveover they should he protected against
rapid drying before they are placed in the pile or
kiln charge.

DO, Tests ot end of deylng period.  Regard-
less of the care used in preparing samples, ervom
wire sometimes made; at the end of the run, thers-
fore, the samples should be rechecked by eubting
new molzture sontent sections At the sime time,
moisture distribution and cose hardening tests can
be made, Where necessary to moke disteibution
tests before final steaming, enly part of the sam-
ples should be cot up and the others vasd to puide
the steaming operstion and to check the resulis
pfter atenming.

A easehnrdening test indieates (1) the presence
and degres of stresses within the piece at the time
of sawing and (2) the infloenece of onegual mois-
tore distribution (6-8). Methods of preparing
hoth thick and thin stoclt for easehardening tests
ave shown in figure -3, These sections are to b
roori-cdried for 24 hours or uniil meisture content
is uniform, in evder that the stresses present be.
eome discernible in the prongs. Al cassharden-
ing test sections should be numbered with an indel-
ible peneil to correzpond to the nunber of the kiln
run.  Casehardening is indicated when the prongs
turn in or cup toward the saw when being ent. Re-
verse easehardening is eausad by over-condition-
img at too high & velative homidity and is indi-
cated when the prengs turn awny from the aaw.
Baoth eepresent the tendency of the same stock to
cup if resawed.  Planing, ronting, or working up
of easalinrdened stoek moy unbalance the stresses
and result in warping, Unequal moisture distri-
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Figure 5-5, Kiln somple ond lest sectiomns for moizturs confent oad cosehardening,
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bution is indicated when the prongs turn in afrer
voom-drying, The effects are similar to casehard-
ening, except that the distortion does not occur at
the time of machining but afterward, when the
moisture content has become equalized., Both
casehardening and medsture distribution tests are
required before the stock 15 talen from the kiln ao
that the proper treatment can be given before the
stock s unloaded,

Another casehardening test may be made in the
following manner when the purpose to which the
stoclt will be put is known :

Cut the test section on a band saw to simulate
the finished eross seetion ov profils the piece woulid
have after manufacture. Place the section in a
factory workroom for 24 hours, or until the mois-
ture content s uniform.  Any distortion is evi-
denes of casehardening or lack of uniformity of
moisture distribution and mdieative of the ehangm
in shape which wounld have seenrred hod the stock
heen worked np while in the condition represented
by the gection. I the distortion exceeds that al-
lowed for the member or part, the stock should be
sibjected toa relative humidity suffiviently high to
velieve the stresses,

b6, Fegmpls,  Stocl intended for propeller
wse is too thick, nnd after jointing one face the ex-
vees Will be dressed off the other. As the depth
of the cut on opposite faves would not be equal,
the easehardening stresses would become unbal-
anced and, if of sufficient intensity, would canse
the plece to onp Loward the fuee having the deeser
ent,  This condition way be simulated in a onse-
hardening test by removing wood from one side nf
the section, equal to the jeinting operation, and a
greater amount from the opposite face. The
amount of distortion which would follew after
room-drying wonld indieate whether the stoek
wonld be acceptable for the purpose,

5047, Kiln-drying defecte. The following is a
brief description of the prineipal defects in kiln-
dried lumber,

5O4TD, Surface checks.  Surface checks wealen
the member and canmot be peemitted in finished
parts, Surfoce checks in rough stock which can
be dressed out or will not appear in the finished
piece will net be canse for rejection. Burfuce
checks may be cloged and invisible, To test for
closed checks, cut a 1-inch seetion out of the board
angl then cut prongs one-sighth inch in thicknes
parallel to the wide face of the board. If checks
wre present, the prongs will fall off wheve cheelied.

50471, Honeyeomb. Thiz defect may be con-
sidered as an internal check, usually developing
nlong the rays. It mey be preceded by a surfacs
checls which closes as drying progresses because of
tension from within, Honeyeomb may also de-
velop in stocls mot previcusly snrface cheeled,
Too high temperatures and severs ensehardening
are the mest common eanses. I may also oecnr
if severely cosehardened stock is steamed at 100
percent relative humidity, The moisture pick-up
on the surface will canse inevenzed internal ten-
glen stresses; awd when the stress excesds the
atrength of the wood eubstance, honeyeomb de-
velops, Honeyeomb is canse for rejection.  Fig-
ure -4 shows severe honeveombing in an oak
plank,

85.0472, Pallopse.  This iz abnormal shrinliage,
causing grooves to appear in the sueface of the
lomber, It sometines ceonrs when wet lnmber is
dried at toe high a temperature. Woods which
nre especially subject to ollapse ave western rad
cedar, redwond, sweetrum, and white oals.  All
collapaed stock shonld be rejected. Collapse in
western redeedar is shown in figure 5-5.

S.0478, Heashness. When lumber s subjected
bo very savers femperatures, whether in dry or

Figuie J-5. Bwid of ek plonk akewine denegoenpbing.
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Filygwee 55 Collepse tw weeslorn ved oodor.

moist air, the wood will be davkensd in color and
become brash. This weskening effect increases
with an increase in either temperature or time.
If the schedules given ure not exeeeded, no diffi-
culties will be encountered insofar as seasoning
iz comeerned. Al brash stock shonld be vejected.

50474, Casehardening., Casehardened [umber
iz that which contains internal stresses caused hy
unequal shrinkage within the piece. The ounter
portion is in compression, and the inside is in ten-
gion, though these astresses are balanced in the
rough piece, Should these stresses become un-
balanced, as will coour if the stock 1= resawed or
more dyvessed off one side than the other, the piece
will eupy, the nmount of cupping depending npon
the severity of the siresses.  Tests for cageharden-
ing are deseribad in section 5045 Acceptancs or
rejection of mazchardened stock will depend npon
the degree of cosehardening permissible as ont-
lingd thersin,

5,08, Frwarn Coxpmmowmie of Am-Deres Srocs.

B0, Prepaving air-dried stock for monfeo-
dure, Tlanally air-dried stock is not in satisfuetory
condition for vse in aireraft, and the common pro-
cedure 15 to place it in o kiln for final drying and
relief of coselordening stresses.  If o kiln s nos

available or if sufficient BHorgee spoee in sheds ©

ar voois, heated to or slightly above ordinary
factory temperature, is available and time not
important, it might prove practical to store
pir-dried lumber in such rooms until the moisture
content eomplics with the requirements of Speab-
eation AN-W-Za., Before use, however, nny exist.
ing easelmrdening stresses mnst he removed by o
ponditioning treatment, either in 2 kiln or in a
storage room I which it 5 pogsible to raise the
relative humidity by temperature adjustments or
humadifiention, similar to the kiln method de-
seribed in section 5045, Low-temperature con-
ditioning can be accomplished similavly, exeept
that more time will be needed. Stock so dried
comld then be used without kiln dvving, the fol-
Irwing rules should be obzerved in room drying,

5061 Piing. Pile fonnlations should be de-
signed 1o permit cirenlation below the pile.  The
lowest layer of Inmber should be 15 inches above
the foor, Piles ehould be 2 feet apart, not nearer
than 2 feet to outside walls, and not more than 6
foet wide. Btocl not over 672 inch thick should
be placed on i-inch stickers, For thicker ma-
terial of random length, 134-Ineh stekers shonld
be pzed for greater stifness and atrength.  Stick-
ers should be evenly alined and not wore than 2
feet apart for atock up toand incloding €74 inch
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in thickness and not more than 4 feel apart for
stoels thicker than 64,

5052, Cirenlation, Small fans moy be used
whent necessary to bring about a eireulation of
air suflivient to keep temperatures velatively uni-
form.

5068, Temperpfure, humidity, ond moisturs
velations, DBy veferring to the equilibrimm mols-
ture content corves (fig. 50} one can veadily de-
termine the necessary temperatire and homidity
eonditions reguived to maintain o desired constant
moistuyre content. To hasten the final drving
process, the humidity may be 156 percent below
thut vequired to maintain the final moistore con-
tent specified.  In most coses it should be possible
to stcure the desived temperature and humidity
eonditions by controlling only the femperature
(6-41. For eonditioning treatments, however,
slepmn o water sprays may be pequived.

BOG, Sromsee oF Kiex-Deiep axp Am-Dreieo
Hrock.

OG0, Storage. Adveraft lomber should be
dried to meet moisture content and easelardening

gpecificntions, and subsequent atorape should be
velied npon merely to obtain additional benefits in
the form of more nearvly unilorm transverse mois-
ture distribution and further relief of casehoarden-
i slresses, For liln-deied stock, at Tenst @ weeks'
storage is desirable for this porpose, but to main-
tain the stock in 2atisfactory condition vntil ueed
in the shop, the storage conditions should be con-
trolled within the moistnre-content range specified,
In sueh coses, the stock can be either left on stick-
wra ok golid piled.

Stocls stored inder uncontrolled conditions may
become unsatisfactory vegardless of the method
of piling, beesuse o longidutinal moisture gradent
my cevelop in agolid pile and a general moistove
piek-up may cecur inoan open pile,

Stornme of all material before manunfactore
shonld be mnder conditions that will deliver the
atocl sound, free Trom sesoning defects, and at a
sustable moistore content. In ovder o reduoes
moisture changes or to secure wood at o given
moasture eontent, it moy be necessary to equip the
storage shed, or factory, with homidity-conbrol
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equipment =o that the range of moisture changs
may be controlled, The humidity should be so
controllad that the moisturve content of stocl other
than propeller material cannot fall below & per-
cent or vise ahove 12 percent.  Propeller stock
ghould be stored under conditions that maintain
the moisture content at between § and 7 percent.

Btock that las been dried to the aceeptable mois-
ture content, if kept dry, mny be held forr an in-
definite period without detevioration from segson-
ing defects, suel ag checking, honeyeombing,
atain, nnd deeay.

S, Efect of sterage on insecd attack, Cer-
tain woors ave subject o inseet attacl even after
dryving, The Lipetus powder-post beetle attacks es-
pecinlly e sensoned sapwoad of hickory, nsh, anid
oule, ald it also domages other hardwoods sueh as
black waluut, maple, black cherry, elim, yellow-
poplur, and syeamore.  Other powder-post bee-
tles attack both luartwood and sapwond, and both
Liardvwoods and sofiwonds. Stored stock that is
subijort to borer attacl should be moved in rofa
tion, a0 that none of it will remain exposed to an
infestation for an excessively long tie, Tn addi-
tion, such stork shioulid be examined vegularly nwl
cavefnlly. and bover-infested stock shoubl be either
hent-sterilized ov destroved.  Infestation of ad-
jaeent stock s merely o matter of time 1f peoper
preventive  messties ave not observed.  The
larvae of the Lyctus beetles bove invard, giving
litthe or no early indication of rheir presence ol
thus making prompt recognition of infestation
highly difieult. Dovers eat holes from ope-siz-
teenth to one-Tourth inch in diameter and leave
word] powder in them,  When a hole penetrates an
pxterior surface, the powder enn be javeed out,
Badly tomneled weod can easily be broken,

S.062, Efact of heal on sfresgth propeeties of
wood.  The effect of temperatures above norinol
atmaspheric on the strength propevties of wood
has not been flly explored. Dhariog and imme-
dintely after World War L, extensive studies wors

made wl the Forest Products Lobovatory of the

effects of kiln deyving (=71, These demonstrated
that with such temperatures as ave specified in
AN-W-i2g (1052 F. to 155 F. at the beginning
pndl 185° F. to 165° T, at the end of the run an-
eording to the species and the thickness) and with
proper eontrol of relative lmmidicy ane other
factors, wood could be kiln dried without any de-
Aeciency in strength properties ns compared to the
most cavefully atr-dried stock. It was nlso indi-

catad that higher temperatures, if applied for the
length of time vequiveld for laln deying, were
likely to e dumaged, pacticnlarly is shock 1e-
sistance.

The time involverd in kiln deyving is vsually a
matier of days or even weeks, It is obviously to
be expected that considerably higher temperature
may be applied safely when the peried of exposure
is only o fewe minutes or a fraction of on Towr as in
the deying of vemeers,  In recent tests on Donglus-
fir widl Bitlea spruce, green wood in o thickness of
one-eightl ineh heated €0 320% F. between hot
plates for 20 minutes was not deficient in strength
propertivs as compared to matched material that
wins cpvefolly nir deied.  Considevebly  longer
heating periods (upr to 4 or & hours) at this ten-
perature eoused praction v no decrease womaodulng
of elusticity (stiffness) or o modules of rapiore
{bBending strength), bot the periods of onelolf
hour or longer cansed o delinite deficiency in
alorly resistance which inorensed progressively
with prolongation of the lieating period.  The tests
linve wlso shown that heating in stenm af 3200 7,
for 4 hows peodnces definite decresses i all
strength properties and have demonstrpbed (et
heating in steamn is more deleterions than heating
between hot plates.

Veneer for use in plywood is imosome instances
made frow logs that have been soaked for some
homrs in hot woter to facilitate cofting and is
often dried ot temperniores of approximately 5000
Foin order to expedite procuction.  Tempera-
tures up 1o sbont 320° F. oave used subsequently
in gluing plywood with thermesetting  resing,
Glued wirplane parts ave often suljected during
azmembly to temperatures well above the novmel
atmospherie value,  Althengh tles heating pe-
rinds are ordinarily brief, the available dato indi-
eate that there may be some deleterions effect on
strength properties.  Forthermore effects may
be muore pronouneed o some species than on those
on which tests have been made.  Congequently i
iz desirable thet in geveral teperatures applied
in processing or preparing wood for vse anoaie
eraft should be kept as low amd e asrregats
Juration of elevated temperatuves as hrvief as
possible.  Subsequent to the aviginal drying, ele-
valed temperatores ave ovdinarvily applied only
to wooil that is low in moisture content o which
it &5 believerd sueh temperatures ave less hiarmdul
than to green ov wet wosd, although theve s
little specific information on this point.
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There are few specific datn on the strength of
wood at temperatures other than the usual sum-
mer and winter reom values (&=5). Wood at
comparatively high moisture content i= made
wenker and more flexible when the temperatura
is raised and such information as i3 available in-
dicates that it is made stronger and stiffer and
pemsibly less shock-resistant when the tempers-
ture is lowered. It is probable that the tempera-
ture within the range to swhich aireralt is suob-
jeeted has no lorge effect on the strength of weod
in the novmally dry state in which it is uzed.

5063 Spazovtng BEFERENCES,
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5.1. Control of Humidity in Factories

.10, Gesexan.  In the construction of aircraft
under assembly line production methods, dimen-
siomal changes in partly worked units mean waste
of materials, loss of time, and upsstting of the
produsction schedule ; henee, dimensional stability
of wood parts is important as a factor of produoe-
tigm,

Sinee dimensional changes in wood arve caused
principally by changes in moisture content, it fol-
lows that eonditions should be maintained in the
wood shop that will prevent meisture changes,
T minimize such changes, the moisture content
of the wood at the time of manufscture should
b as nearly as possible that which it would attain
in serviee, The specifientions establish limits of
meisture content. for wood parts at time of nasem-
bly ot 5 Lo 7 percent for propellers and 8 to 12
pereent. for other parts, During Weeld War I
some data wers collected by the Forest Produocts
Laboratory on the meistuve content of wood in
Army and Navy airplanes (table 507,

Throughent o large part of the United States,
the moeisture content of wood stored or used out
of doors and protected from rain, averages abaut
12 percent. In the drier areas of the Southwest-
ern States the average moisture content of wood
is about 8 or ¥ percent. Constal zones in the
Southenstern States, along the Gulf of Mexico, and
in the Southwest, average slightly higher than 12

0, §0 pr, 1ins, percent, as do also tropicn] reoions,
Takle §=8,  Moistiore Comiend of Weoad Afrplane Parts Usder Service Condittons
Blnlsture canicsd
E»‘.n_‘l.c'p:u —— & —
- " wa mos £ i -
Fined ol emstruet o Sarvicy wnLEJ;r:f:r: wools lested | - ested | Avens for Muxdmnm "
ni Ny
e statieis and statioe and
N Number Namber Nambir Fercend Pereeit Fercomt
Solid and lomnoted wood . _ Army. 10 4 Lrl| 11. 5 © 14,0
Propeilers . oo E PR B B 75 10, 2 1.3 8 4
Plywood - oo e T A 39 15 5 16, 7 1L 7
Solidd and Inminnted wead 3, _| Mavv________ 1 n 410 127 153 5 5
Plywoesd - L aaaio do_. ... 4 bk 158 17,8 0.1

VaArmy end Mavy Slationg aee omdedoid separitely, altbgogh thoy ame
Trocscryily Joacnilod clesa 1o epah Sther.
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In most Btates, cutdoor velative homidities dur-
ing the summer are nsually sufficiently high so that
sutisfactory equilibrinm moisture content condi-
tions eon be maintained by adequate ventilofion,
However, when cool weather comes in the fall and
buildings are heated, an important change toloes
place whersin lower hnmidities and equilibrinm
moisture content values are encountered.  As the
outside temperature decrenses it can hold less and
lesz woter vapor per cubie fool thoan it conld at
higher temperatures, but when heated to novmal
temperatures, withont changing its water content,
this outside air has a greater capacity for moisture
aned sinee Che relative humidity is the ratio of the
quantity of moisture present in air to thot which
eould be held at o given temperature, it is corre-
spondingly lowered.  This canzes drying of mate-
rinls stored or housed in heated boildings and
worlerpoms,  An illustration of the aperation of
this principle will be found by o study of table
B-10, In thie table an average relative hmidity
of 7o percent for ount-of-door conditions i3 as-
snmed for illustrative porpoeses, Tt i alo assomed
that mo water iz added to the inside spaes.  This
lutter assnmption, althongh not strictly true where

Table f=10.  Effae! of oideide leavperalures on tiedde haomidis
ter amd ppiilibrini morslvre comtent mlueg when dke oiwd-
siede rolmdioe kwmidily {8 7F percant

Crerreaponsdting: imwmide ureditions as 72° F,
dmizkls temperatone | -
Relutivn Bamidisy E““”‘Ti::n::m
"L Percenl Pereenl
i . 1 110
i:h Sk O 1k G
£ 40 5 oo
&4 41, 3 Y
540 4.4 i)
45 23. 8 58
41 4.5 50
35 I 3 i 3
) 15, 4 4.6
25 12 4 2o
0 9.8 2.8
15 7.7 1.0
10 @10 (I
] 4 6 1.1
0 368 m
— 29 m
1 21 i
— 15 L& m
- ) 1.2 m
—2h . 9 m
! Less than 1,4,

pecple are working and mannfacturing operations
are in progress, is nevertheless suffeiently acenrate
to ghow appreximately how conditions inside o
bnilding may chonge a3 ont-of-decr conditions
vary and why wond dries ont doring the winter in
i heated building.

Some manufacturers of wood anrplanes mauin-
tain a relatively humidity of about 53 percent in
the wood zhop,  This relative humidity leeps the
wond ot 1 moisture content of about 10 percent.
Btocl is brought into the shop from the lkilns or
gtorage rocwns ab or uenr this meisture content
value and held in stickered stoek piles for o wesk
arr more before being oot up. Sines cold-gluing
processes add moisture to the wood, the larger
zizedl laminated pavis aee sent fo o concditioning
room after gluing By, -7 as dizenzsed 1n @e-
tion 528,

To prevent the moisture content of material
being processed from becoming too low it is de-
sirpble to maintain a relative humidity of abont
44 percent during the winter when ingicde humadi-
ties nree odherwize [kely to drop to very low levels,
Thiz conditieon would prevent moisture content
values from falling below about & percent and
wonld not introcluce =0 serious a condensation
problem oz if o higher humudity were maintaimd,
Condensation on windows and sloylisghts may e
minimized by double glaging, by heating the ploss
with stenm coils, or by cireulating warm air across
the glazz surfaces, Drip from eondensing sor-
faces shonld be prevented wherever it is lilkely to
damage materinls heing processed,

Preventive measnres can e incorporatecd in new
buildings at very little added expense. This 1=
particularly true in the “bluckont® type where no
windows are used, az auitable vapor barriers in the
gidde wolls and ceilings ave all that is needed,
Where windows are used, they shomld he either
double glazed or of the insulated block type.

Sinee humidification 1= not a requirement in the
entire plant but primorily in the wood shop, it
may be proctical in buildings alveady erected to
install protection Tor some or all of the valnerabla
places as described.

511, Mernon: oF Hranmity Coxrzon. Where
the storage of wood at o definite moedsture content
iz desived, a room buill inside a boilding, prefer-
ably with no exterior exposure and equipped with

air-conditioning apparatns, makes an arrange-

ment that can be nsed at any time during the year
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with satisfactory reaults, The apporatus sd
controls may be desigmed to meet the pocticular
naedls,

A definite moisture content in lumber awaiting
use in sorage buildings may alse he maintained by
contrglling the tempernture of the space within
the building by means of o hygroseopic element
ptiached to leaters. This can be done only so
long as the prevailing relative humidities ae
high; they may be reduced by ineressing the tem-
perature of the space surreunding the lomber
above that of outside tempecaturves. However,
simple devices are available for humidifying =so
that moistore can be added if necessayy,

For the conditiening of a large wood-using
plant any one of several rmethods may be enployed.
A ecentreal plant may be designed to condition the
air completely and may be equipped with refrig-
ernticn or ahsorption apparates as well os heating
and hvmnidilying facilities.
by means of a systewm of ducts throughout the
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building,  Such equipment 1= expensive and prob-
ahly not justifisd for most wood airplane factories,

Ancther method of pecomplishing the same ve-
ault ns with the large central-station gir-conditicen-
ing plant is to install a suflicient number of small
pir-conditioning units throughout the plant and
use no distvibuting system.  This methed, if
fully equipped for yearaomd contral, is likewise
expensive and perhaps nonessentinl in mest cases,

Az o orule, high humidities are not a problent in
wood mannfactnring plunts in the northern part of
the TTnited States, and conssquently conditionming
equipment is needed only to merease the hunddity
during the heating seazon when Iow humidities
prevail, On the other hand, in menofactoring
plants situated in very damp elimates, suel os
prevail along the Gulf Cooet, dehumidificption
may e vequired.

To aceomplish humidifieation, only relatively
simple apparatus is needed,  Steam jets may be
digtributed throughout the plant pod may be con-
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trolled automaetically by o meisture-sensitive in-
girmment,  The ehiel objection to the use of stearn
jets is that water is lost from the stewm-generating
plant and heat 2 added to the space. In winter
this would probably not be objectionable, but it
might be if humidification were required during
a dry swaner senson, The simplieity of the
gteain jet system and the reanltant fresdom from
dust vegidues cormend it. SBimilar results can
bie obtained by the use of cold water and com-
pressad air sprays.  This iz a very simple methiod
by which water iz dischavged inte the air by an
wiv jet as o finely divided mist,  The main objec-
tions to Lhis method ave a shght ameunt of noise,
and—if the water nsed for evaporation contpins
minerale or organie wmaterial—a depesit of fine
fdust on materiels in the reom,  Provision must be
mde to take core of drip from sprays of this kind,
Na haat, however, is added to the air from such
apruys and a small amonnt of cooling resunlts from
the evaporation. -

Target sprays ave also a possibility Tov this pur-
pose,  They dischavge s very fine stream of wter
agninst o plate. The bulk of the waler striking

the target 15 broken up into o fine mist which

floats ont into the rosm.  Unless water free from
minerale iz vsed, fine dust ig also seatierad by this
methed, Adeguate filters to prevent plugzing of
Lhe fine openings amd o drain to remove deip st
L provided.

There are o number of mechanical devices on the
rinrlet which have a votating disk upon which
water is allowed to flow, This dizsk rotates at
high speed, 20 that the water is driven to the edge
of the disk by centrifogal foree and thrown against
the edges of a series of shest-metn]l vanes, The
water is thus broken up into a fine mist and blown
ont into the room by a fan logated belimd the disk,
This apparatus hins disadvantages similar to those
mentioned above, Residues resulting from evap-
oration of the water accumulute on the apparatns
and  form dust which flaats about the room,
Usnally these evaporators ave contvolled by a
hygroscopie element which opens or closes a
water valve on the humidifier, A number of them
copld, hewever, be controlled from a sangle liomidi-
stat.

The control of the humidity near woold surfaces
being heated is w probless which frequently eon-
cerns fabwicators of pivplane parts. This prob-
lemn arizes beeause of desicability of speading op
the seiting of glues in order to male more fre-

quent nse of presses o jige. Strip heaters, infro-
veil lampes, tobes Tieated by steam, and warm air
procduce loeal conditions requiving attention.

When a wood surface is heated in the open the
humidity of the space immedintely adjacent to the
surface is lowered and some drying is likely to
oeenr—the higher the temperatvre, the lower the
lroadiby, and the mreater the motsture loss.  Strip
heaters, when tightly pressed aguninst the woaorl
anrface, greatly vetard the eseape of moisture, and
preseint no problem.  Open surfaces heated with
infraved lamops resch such high surface ternpera-
tores that humidifisation of the workroom is of
little value in preventing exeessive surface deying,
Under such conditions and when practical the
beated area shonld be tightly coveved with o thin
lnyer of steip alvminom in order to prevent the
ezcape of moisture and maintain as near the de-
sived pquilibvinm condition at the surface of the
wood as possible.  The outer surface of the shest
metal shonld be painted o doll black in order that
it receive and transmit a3 muoch heat 2z possible
Loy the material behind it.

Where heat 5 applied by worm aiv, snch os ina
kiln or oven, the motsture content of the object
being heated may be controlled by properiy adjust-
ing the relative homidity to that which would
represent the eguilibrivm condition for desired
moisture content. In certain cases it 15 advan-
tageous to drop o canvasg-covered frame over the
work and to heat and homidify the limited space
thus encleged rother than the entive room.

Sling peychrometears and tables or curves for
conversion of the messurements into velative
lmidity should be provided (sec. 5012). Haiv
hysrometers or inexpensive humidity gnides are
unealinble nnless they are cnrefully calibrated and
cheeked from thme to time.  The equilibeiom
msture eontent of wood, in prevailing atmes-
pheric eonditions, may also be determined by thin
sactions of wood exposed in the werlteooms which
ean be weighed for determination of their moisture
eontent, If a sample is designed to contain 100
grams when oven dry, the number of grams over
100 will be mumerically equivalent to the per-
centage of moisture in the zample.  In preparing
auch a sample, select aiv-seasonsd materinl of
known moisture content and worl it down nntil ita
weight in grams iz equal to 100, plug a nomber of
grams egual to the percentage of wolstuee.  For
exnmple, 1 sample containing 10 percent modstmre
content should weigh 1100 grams, of which 100
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grams is dry wood substance and 10 grams s
moisture.  Suech samples should not be oven dried.

5.2, Gluing

Satisfactory glue joints in aireraft should de-

velop the full strength of the wood under all”

eomdlitions of sfress. To produce this result, the
conditions invalved in the gliing operation must
be carefully controlled 20 as to obtain a continnous,
thin, uniform film of solid slue in the joint with
adequate adhesion to both surfaces of the wond.
These conditions invalve:

L. Proper moisture content of the wood.

2. Properly prepaved wood surfaces,

4. Glue of rood quality, propecly prepared.
4. Good ghiing technigue.

A satisfactory joint and two types of unsatis-
factory joints, vesulting from improperly con-
trolled glning conditions, are shown in figure 5-8.

820, Momroes Cowtexr rog Grorse. The dev-
ing and eonditioning of wood to the proper mois-
fnre content for aireraft nse are deseribed in
seotions 505 to 6.04.  The moisture content of the
woorl affects the results ebtained iz gluing and, in
turn, iz affected by the gluing process, It may ba
vither inevensed or decvensed, depending an (1)
the gluing process yeed, (2} the form and com-
position of the glue, (3) the amount of zlue
sprad, and (4) the dimensions of the weod parts
glued,  In genernl, hot-press methods redoes the

moisture content and eold-press processes increass
it.  Glues of high water content add more nois-
ture to the wood than glues of low water con-
tent, and heavy speeads add more than Tight
spreads.  More water is added by the glue to s
eonstrietion made of thin plies than to one made
of thick plies, The percentange inerease in maois-
ture content from a given amonnt of glue spread
will be geeater in woods of low specific gravity
than in woods of high specific gravity,

Table 5-11 iMusteates approximate percentage
of meisture added to wood in cold-pressing opera-
tions for cevtain types of alveeaft members, Most
hot-press operations, however, reduce rather than
inceease the moisture content of the wood in glu-
ing, The moisture content of panals, when re-
moved from hot presses, i3 novmally well below
thi & to 19 percent vongre that iz required for air
cvaft plrwond  |Specifiontions AN-P-00a and
AN-P—3), and the manufacturvers of the plywood
must fntrodoce moisture into the panels by o con-
ditioning procesa in arder (o bring {hem within
the range vequirved (sec. 5281, The molstnre con-
tent of veueer novmally shows little or no change
dnring bag-molding provesses of making plywood
feec. Gaidl].

Changes in moigture content of the wood after
the glue has set develop stresses in the glue line
and veduce the load that the member will with-
stand in service, To minimize the sfresses in o
glued stroeture that develop from moistore con-
tent changes, the member should have n motsture

Tuble 5=711. COnfenlated Percenfopes ' of Modshore Added o Wood fn Glwing Fiss-Ply Construciten Wik Cald- Prozs Glhes
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Figwre 58, Blrongy mied weak joints pesulling Feom differont plaing cowditiong. A, welbgloed foinl etk o Digh gor-
eeitoge of erocel feilivee mede weder prepor ghiiag eonditlons; B, stavced jfedal, which reaxlis froase the applios-
tivn of ercession prosemcd okl thin paocs €, ddpied joinf, resniting frome deo oy an aesciediy povind or dedufciont
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eontent, when the glie sets, that is approximately
equal to its avernge moistuve content in serviece,
Moisture eontent determinations on wood nireralt
parts have been mads ot the following loentions
in the Thuted States; New Yorl, N, Y,: Garden
City, N, V.: Quantica, Va.; Philadelphio, Pa.;
Hampton Roads, Va.; Aberdesn, Md.; Washing-
ton, 1. C.; Cleveland, Ohio: Dayton, Ohis; Pen-
sncola, Fla.; Little Roek, Avk. ; San Antonio, Tex, ;
Tuocson, Atz San Diege, Calif.; Santa Moniea,
Culif.; Bacramento, Calif.; Sun Francisee, Calif,;
amd Seqttle, Wash, There was considerable vap-
iation i meistore content of similar wood air-
craft parts ot the same station during different
sensans and among stations.  The nwisture con-
tent velationships at different stations duving the
same sengon or at o single station during different
seasons were found to be in equilibrinm with the
relative numidity relationships miven in talle 5-1,
This lowest moisture content values were found in
wood parts sampled at Toeson during early sum-
wer and the highest at constal stations during
winter, The moisture content of solid and lami-
nated wood parts varied from 5.8 to 155 percent,
of plywood from 5.0 to 175 percent, and of pro-
pellers from &4 10 10,8 perepnt.  No moisture coun-
tent measurements, however, were made on pro-
pellers ot Tueson,

Moisture content measnrements on wood in
dwellings and on spruce test panels, exposed at
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governl stationsg in the arid Southwest, indieats
that the moisture content of wood often drops to
abont 6 percent during the apring and summer
(511, 6-14). TFrom all available information it
appents that the normal wotztore content of dif-
ferent wond parts of aireraft in serviee in the
continental Tnited States may range from oz low
as G to as high as 18 percent.

Thi effect of moisture conlent of veneer ol the
time of cuing on the strength of jointz in ply-
wod glued with various rocm-temperniure-set-
ting, intermediate-tamperature-setting, and high-
temperatore-setting glues is illusirated in figore
S0 These vesults ave based upon dry strength
tests made on % g-inch yallow bireh plywood at 6
to 1¥-percent mojsture content.  In fizone 3-8 the
pereentage of maximum jeint strength s shown
by the eneve for each tvpe of glue, and the per-
centoge of wool failure on testing of plywood
glued at variouws moisture content values iz indi-
ented by the vertical bars

Maximum joint strength is not developed at the
grme maisture content for all types of glue, and
different glues also vary with vespect to the range
of moisture content throughont which strong
joints can be obtained. Phenol film glue is the
most, evitical and ean be vsed satisfactorily only
within narrow limits of moisture content, whereas
the intermediate-tamperature-getting phenol gloes
preduce strong joints throughont g wide vange of
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moisture content. Sinee ply thickness, species,
glues, und gloing processes affect the percentage
of modsture added to the wood, the optimum mois-
ture content for maximuarn strengths varies some-
what with different stimetures and processes
Considering all factors, hewaver, 1t is vecom-
mended that, in cold-press gluing, veneers and
thin laminations wp to one-eighth inch in thick-
ness linve ot the time of gluing & moisture content
of 5 to 8 percent and that steck thicker than one-
eighth ineh have from 8 to about 12 pereent
Fov intermediste-temperature-getting ov  high-
temypwinture-setting glies using aqueous Suspen-
slons of vesing an thin plies, o meistore content of
B to 8 percent is applieable, and for dry film and
nonaquects resin glues, or for agueons glues on
thicle plies, the moistuee content shonld range be-
tween 8 and 12 percent.

621 Macsmvose Woop wouw Guome, Wouod
should be machined for gloing only after it has
been uniformily conditionad Lo the desived maois-
ture content.  Dieving and  conditioning  stock
alter it has boen machined prodouces distortion and
aurface frregularities, which are objectionable
from the glhiing standpoint. It is vecommended
that no more than & heors be permitted to alapss
between final surfacing and gining (Specifieations
AN-G-20, 14140, aml 14148) . Specilication AN-
P-15a (Propellers and Test Clubs; Fixed-Pitch
Ward) vequires o lapse not to excesd 4 hours be-
tereen sicfacing and ghiing,  The gluing surfaces
should be machined smooth and troe. Ploger
marks, chipped ov loosened grain, and other sor-
face ivregulavities should not be permitted,

5. Methods, With novmnl wond, smooth,
even surfaces produced on planers and joints with
aharp knives and correct feed adjostment nre best
for gluing, Surfaces that arve aafisfactory for
gluing enn be produesd with special types of saws,
bat the opeation musl be cavefully controlled.
Eatisfactory sawn swrfaces should approach well-
planed snviaees in uniformity, smoothness, and
freedom Trom crnshed fbers,  Glue joints made
on surfaces that are covered with crushed fibers do
not develop the novmal full strength of the woad,
When glue joints that hove boen ninde on surfaces
vovered with ernshed fbers are broken, they usn-
ally show a thin but complete coverage of wool
fibars on the gine line, These phnormal and un-
desirable wood failures are the result of erushing
wnd wepkening of the surfaee layers of fibers Ty

poor machining technigus,  Crushing ean be de-
tected by examining the sawn or planed sorfaces
with a linnd lens that megnifies about 10 times and
compnring them with snrfaces prepaved by split-
ting,  On wndamagzed wood surfaces the eutline
of the wond elements is quite distinet, whereas an
erushel wood surfaces the elernents ave indistinet
il distorted. Beeause of the difficalties in main-
tnining the degree of control necessary to ingure
unifemly satisfactory surfaces, the use of sawn
surfaces Tor pluing has been disconvaged for an.
craft purposes.

5211, Mechindng jeints, The moehining of
joints of irregular shapes, such as the fongue-and-
mroave, for the purpose of presenting lavger gining
areas i nol usually advisable, Tvregnlaly shaped
surfoces are more difficnlt to machine for perfect
fitting parts than are plein, straight surfaces.
Lack of contact may make the effective holding
avea smaller in the shoped joint than in the
straight, flat joint, and this may sctually reducs
the strength.  Furthermore, if proper ghuing prac-
tives sre need, the planed side-grain sfaces of the
wonds nsed in aiveraft can be gloed insuch a man-
ner as to develop the full strength of the wosd
{=ee, BEV), amd the extra contact swrface becones
superflusns as far as strength is coneerned.

The faces of well-manufactured veneer are wso-
ally snitable for eluing withouot forther machining
or preporation (sec, L3201, but, whers two or more
pieces of venear ave joined ot the eldges to form o
targer plece or assembly, the edges must be jointed
straight ond square. Thizis nsaally accomplishad
satisfactorily om vegulay veneer Jonters.

5.21% Furface frectmends, Sanding, tooth plan-
ing, ov other means of vonghening smoocth, well-
planed surfaces of normal wood before gluing arve
not recommended.  Sech trentment of well-planed
wood surfaees may resnlt in lecal ivregnlarities and
objectionable rounding of edges. While sanding
of planed, normal wood soviaces 5 not recom-
mended, sanding s a valuable aid in improving
the gluing charactevistics of some ply wood swr-
faees: wood that has been eomprssed through ex-
posure to high pressures and temperatares ; wesin-
impregnated wood [(impreg and compreg) (sec.
3978} ; and laminated paper plastie (papreg)
(ser, .57, Sanding alse finds useful applicntion
in eutting seart joints en thin venesvs and plywood
{sec. 5.63) and in floating or contouring the sur-
faoes of certain assemblies {soc. 5.058).

Wood surfaces for gluing shonld be free from
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nil, finishing rmaterials, dust, dive, ald glue, srayon
marks, and other extraneous materials. Where
siging of joint surfaces is practiced, care must be
taken thit the size dees not interfere with the ad-
hesion of the glue. In such cnses, it is safest to
prepare the size by diluting glue of the same kind
that 15 to be used Inter to make the joints {sec,
o271}

Wood surfaces that are “glazed™ from dull tools
or by being pressed excessively against smooth,
hord auwrfaces ave somewhat more difficult to glye
than normal wood surfaces,  Glazing results fram
crushing or compressing the surface fibers so that

they appear glossy, The gluing of glazed sur-

faces can be improved by preliminary treatments,
A light sanding to vemove the crushed fibers, or
the application of waler, which tends to restore the
surface fibers to their original condition, is helpful,

Plywood surfaces may present more diffienlt

. gluing problems than do freshly planed wond sur-
faces, During the manufacture of plywood, un-
favorable surface conditions occasionally develop
that interfere with adhesion of glue in secondary
glning operations. SBome of the surface chinnges
that ocenr in plywoosd menufaciurs and that may
interfere with the adhesion of the gloe in second-
ary gluing, such as gluzing and heavy *bleed-
through™ of glue, are vendily recognized, In con-
trast to these readily recognized surface conditions,
wax deposits from epuls during hot pressing pro-
duce unfavorable ghning sorfaces that are not
eagily detectid,

In addition to these nnfavorabls surface condi-
tions of plywooml, the causes of which are known,
thera ave others for which the cases have not been
cstoblished, Wetting tests are vseful ps o means
of detecting the pressnce of wax.  Divops of water
placed on the surfaces of the wax-coated plywood
do not spread or wet the wood.  Wetting tests
may give some indication of the presence of other
mufavorable conditions, but they eannot be relisd
upon completely to evaluate the glning propeciies
and, at present, preliminary zluing tests appear
te be the only pesitive means of actnally determin-
ing the gluing characteristics of the plywood sur-
frees,

Muony of these unfavorable surface conditions of
plywood can be avoided by changes in manufac-
turing proctices, Glazing frequentiy results when
plywond is hot pressed at high temperatnres and
pressutes between metal platens, metal cauls, op
hard comprezsed wood eanks. The manufacturer
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of the plywoeod can conventently remove much of
the glaze by properly processing or eonditioning
the panels after rernovul from the hot press, Sinee
plywond from the hot press is abnovmally dry, the
addition of moisture is necessary to bring it within
the vequired meisture content vange for aiveraft
nse. Dy applying the proper mnount of water o
the faces and then stacking the panels solidly for
equalizntion, the plywond is brought to the proper
maisture content, and at the same fime the jglaze
of the faces i8 lorgely removed, The moisturae
may be conventently applied by passing the panels
betwesn water-covere] rolls, such as those in o
glue spreader, by sprayiing, or by & short period
of exprgure to o high humidity (sec, 5,281),

Bleed-throngh of glue is most often encountered
an thin-faced plywood and is usually but not en-
tively limited to havdwoods, such as birch and
mahogany. The porous nature of these woods
permits the flow of glue from the joint to the faces
during hot pressing,  Bleed-through is common]y
asspeiated with ton high moisture content of the
veneel ot the time of glung,  Although il is dif-
fieult to eliminate cowpletely, blead-throngh of
glue an thin-faced plywood con be mreptly mini-
mized by o eareful contrel of meisture content of
veneer before hot pressing (sec, 5.19):

The presence of even simall quantities of wax on
the faces of plywood sreatly interferes with ad-
hesion of glue in seeondary gluing,  Sueh wax
deposits vsually result from the nse of woxed
metal or wood canls during hot pressing and can
b easily avoided.

These unfavoroble surface conditions of ply-
wool can usually be corrected and their effects
minimized by lightly sanding the surfaces with
No, 8- or 40 garnet paper before gluing.  Re-
moving as little as 0001 inch feom the surfaces
appeare to be just as effective as heavier spnding in
correcting the gluing chavecteristios of plywood
otherwise difficult to glue (5=17), The dinger of
over-sading and resultant impairment of strength
of the plywoeod can be minimized by specifying
the uae of sandpaper no coavser than No, 5-0 gar-
net on gpecies of high density and no coarser than
Nou 40 on species of low dengity.  Freguent thick-
ness megsurenents are advisable when sanding is
practiced.  Inne case should thickness reduetions
exceed 10 percent of the face ply thickuess,

522, Pureanarms or Groes vor Use, The drey-
film types of gloe ave bought ready for use, Mon-
uwfncturers’ divections shonld be followed for the
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preparation of other glues. Tnless othervise
apecificd by the gloe manofacturer, clear, cool
vater should be used with glues that veqguirve mix-
ing with water. The proportions of glue, hard-
enar, and water or other solvent shonld be deter-
mined by weight rather than by measure or guess.
Manufucturers ngually recormmnend the proportions
to be used with a partienlar brand of glue, and
these vecommendations should be followed unless
other proportions are known to give better resolts,

The mixed glue should be free from air bubbles,
foam, and lumps of undissolved material,  Ma-
ching stirring normally produces o more thoe-
oughly mived glue than hued stireing, bot small
batches of one-half pound or less of dry glue
may be prepaved satisfactorily by hand stirring,
Liquid resin glues ave readily mixzed with hard-

eiers and nsually the dry resin glues are easily
mixed; cosein glues poemally requive o lenzer
mixing peried and more stivring,  Various types
of mixers hove beon vsed suecessfully, but the
dough type (fig. 5-10), equipped with o mechan-
ism for tuniog the paddle in a donble-votary
motion gt two or three different speeds, hag been
used with excellent results for both casein and
vesin glues.

The chief requisites of a mixer for casein and
synthetic-resin glues are (1) thorough but not

‘violent agitation, preferably with different speeds

of the paddle, and (2) » bowl that can be rendily
removed from the machine for eleaning and made
of some metal that will not corvede rapidly from
the action of acid o alkali, Bowls and paddles
of copper and brass ave unsnitable,

Figare 510, Throeapeod, dongh-tppe, clechric  migor cqulpped wiih & and Sguaet bowly end foe sizes af
padddes for aisieg givos,
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Mixers, spreaders, and other equipment used
with all glues should be thoroughly cleuned at
regular intervale. A thorough cleaning every
working day before the glie hurdens ia highly
desipable.

3820, Rogin glues, Liguid resin gloes may come
reacly for use o in a form that requires only the
addition of a hardener, Resovcinol-vesin and
liquid urea-resin glues ave furnished with the
hardener in o separate container, in which cose
the hardensr and the resin inust be thorowghly
mixed together before use. Al liquid-resin glues
and liguid hardeners shonld be thoronghly stivred
hefore uze to assure wniformity, inagmuch as any
filler or other materials added during mannfae-
ture moy settle out dueing shipment,  Resoreinol-
resin glues ave prepared for use simply by mixing
the proper mmeount of havdensr with the liguid
resin until the mixed glue is smooth amd free
from lumps and entrapped adr.

A number of the resin glues are sold in powder
form. Binee some segregntion of the dry mate-
vials may ocour during shipment, it is advisable
to mix the contents of each container thoreughly
before ecomhining with the solvent, Havdeners
for some of the dry vesin glues are shipped sep-
arately and combined with the resin at the time
of mixing with water,

Probably the most generally applicalile proce-
dure for mixing cold-seliing, wrea-resin glues
that are delivered in powder form is to place
about pwo-thirds of the required water in the
mixing bowl, add the powder slowly with constant
stivring, allow the mass to mix until smeoth and
free from lumps, and then add the vemnainder of
the water. Continwe the stirving for a few
minutes therenfter until the mixture & of uni.
form consistency thronghent.  Variations in pro-
cedure are advisable for certain prepared glues
of both liquid and powdered forms, and in such
glues the glie-water proportions and other details
should be snpplied by the munufacinrer.

Resoreinol and cold-setting  wren-pesin glues
when prepared for use are wsually shavply lim-
ited in working life, and care should be taken to
diseard the glue and clean the eguipment before
thie end of the working-life peried. 1t may be
found advizable, especinlly during warn weatlier,
to leep the glue comtainer in o bath of cold water
af approximately 70° ¥, to prolong the working
life of the gloe mixer. Resorcinol-resin glue
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should not be used after the expiration of 50
pereent of its working life.

G821, Cassin glues. In mixing oasein glues,
the water should first be placed in the bowl of
the mixer and the ghe powder added slowly with
the paddls in wetion. The glna should be added
slowly to avaid the formation of lumps and the
picldles should not be rotated so rapidiy that fhe
mixture fonme

For most commercial cosein glues it is recom.
mended that the mixing be continued only for
5 bo 5 ominntes after the powder is added to the
water.  The glues ave they allowed to stand with-
out agitation for 15 to 30 ninntes and agaein
mixed for 3 io & minutes before using, Many of
the ensain glues thicken and set to stiff paste dor-
ing or soon after the original mixing but return
to worlable consistencies during the rest period.
This aviginal thickening is normal for these glues
and i not an indication that too little water was
used.  Most comnercial caseine have working
fives, at 70° 1o 74° F., of at least 5 Toors, but
they thicken noticeably townrd the end of this
period,  Casein glue shonld not be need after the
expivation of 30 percent of its worling life.

523 Sereamwe o Groe. To make a satise
factory jeint, it is necessary to spresd evenly the
sinonnt of gloe veeded, and for certain clpsses
of worl: this should be done within as short o time
as possible,  These requirements can often bs most
easily miet by machine spreading, but in the con-
steaction of aiveraft parts from many small and
irvegularly shaped pieces it is frequently neces-
sary. to apread by hand,  Thick glues ave difficult
to spread by had, and it is therefore best to
use a maching spreader Tor them whenever pos-
sible (fig, 5-11).

The strength of o gloe joint depends vpon thae
spreading of o sufficient quantity of ghoe to bond
the two surfaces firmly together. Figpre 5-12
shows the effect of spreading different amounts
of severa] types of gloe on the strength of yellow
birch plywood gloed wider aptimom eonditions in
other respects, It 18 evident that, below a criti-
cal minimowm spreed, strength valnes ave consid-
erably redueed. Under le= favorable gliing
eonditions heavier spreads are required to obtpin
maximum  strength, HRecommended  vatzs  of
spread for each type of gloe are cloge to the min-
imur amounts below  which o peduction in
strengtl may be anticipated,
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For most airernft gloing operations in which
the gloe is spread on but one of the two contact
surfuces, the following spreads of wet-glue mix-
tures mre recomumended :

Houads por I,000
Aghdne feck siple

ey Qg ling

Hesorcingl aod rosip-temperatare-seiiing  nrea

=TT . | &1 |
'i].lll']':ll'-[‘ljtlltl.'-tP.I‘.'Iill'l':"I.':l.l.'I'IIL'-HL'[‘['IIIl:' pheasl and

meelnmive resins__________________________ 40 to 40
Higli-temperatare-zetiing pheaol, malaining, anel

nren, regles o . 3 lo 30
Coseiw .. i - G o TD

Figare 531, Tppieal plue sproodor acith rebdov-coverad rolls vead for spresding resin ofnes.

The smount of gloe sprend can be veadily ealen-
lated by welghing a small snmple of veneer or lum-
ber o o gram seale before and after spreading with
glue. The difference in weight (@mrams) per
equare foot of snrfaee multiplied by 22 is equiva-
lewt to the spread m pounds per 100 squnre feet.

The foregoing vecommendations are eguivalent
to about 22 to S0 pounds of dry gloe per 1,000
gquare feet of single glue T, I8 13 desirable
to use the maximum amounts recommended for
cach type of glue amd even to increase tlem if
the wood surfaces nre rouglh, end or sloping gmin
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is exposed on the contact surfnces, or sssembly
times appronch the recommended limits,

Under certain conditions of gluing, such as long
assembly periods, rongh wood surfaces, scarf joint
surfaces, o exeessively eloping or end-grain sur-
faces double spreading should be nsed.  When bath
contact snrfaces ave sprend with glue, the totel
amount gpplied should be approximately 25 per-
cent move than is vecommended for single spread-
ing, Under faverable glung conditions, the gl
need be apread on bot one of the two contact sur-
foces (single spreading). Tests on bath plywead
and laminated constructions indieate that no sig-
nificant differenee in strength of joints vesults
from single or double gpreading 1f other conditions
are satisfactory.

The weight of dry film glnes, of which approxi-
mataly two-thivds is glue and one-third is paper,
iz about 12 to 13 pounds per L0600 square feet.
O voughly cub and thick veneers the nse of twa
gheets of the flm per joint improves the quality
of the bonds,

524, Asspaory Truwe s Gromse, Where ploces
of woed ave coated with gloe and exposed freely
to the air, el more rapid change in consisteney
of glue coonrs then where the pleces ave laid to
gether as goon as the spreading (single or double)
hns been done,  The condition of free exposnre is
conveniently referred to as “open nssembly™ and
the other as “clesed nesambly.”

Assembly time limitations vary widely with dif-
forent, glues,  In general, the rosm-temperature-
zetting glues ave chavacterized by velatively short
maxinmnm assembly periods, nnd gloes that set at

intermediate and high temperatures permit longer
assembly times,

When room-temperature-getting ures-resin and
cosein glues are used under open sesembly condi-
tiong, the allowable maxinwnn assembly time is
reduced by approximately one-half as compared
with eclozed assembly periods.  With room-tem-
preratuve-setting resovcingl gloes the vatio of open
toclosed a=sembly time 15 less than with voon-temn-
perature-setting nren gnd cosein glues,  Approzi-
mate ranges in assembly time recommended as a
guide in using voom-temperature-setting  oloes
wder open and elosed assemblies and for certain
ranges of femperature and gluing pressure are
given in table 5-12,

Since most gluing operations involve both epen
and elased assembly, the allowable interval be-
tween Lhe start of spreading and the time finpl
pressure i3 resched will vsuelly fall between the
limits for closed and open assembly (table 5-12),
In suck cases the permissible closed assembly
pieriod can be determined as follows: calculate the
percentage of permissible open assembly time that
hus elapsed Lefore the surfuces of the joint are
brought together, subtract this percentage from
100, and multiply the remainder by the maximom
cloged nesembly time parmitted at the particalur
teraperutore. The prodoet represents the maxi.
mum period of elosed assembly that may be used.
Permizsible assemnbly times for intermediate-tem.
perature und hot-press glues of different types
ranme from appreximately 20 minutes to many
days. Munufneturers’ instruetions should be fol-
lowed, if relinble shop experience or fest data are

Tuble 5-12. Rewrge 1a Revommended Assemdy Time for Roome-Temparoture-Selting Glmest
Kind of glup !ET'I';"—";“‘I:';;"Tl Glning pressairn | Jﬂﬁlﬁ[_ !";;mgulﬁm
= =, A, T . iR _'|f.lr| MIEF

Tnsorcio] resfis_ o - . | Ta | 1M L 250 ; Claged .. U de 50
S SR Ta | 100 o BAO__ .. | Cpen____ | Up tol2

T e e Th | Taes dban 1000, .| Closed_ ... T 1o 40
e oo e B R 75 | Lesms than 100____ . | Dpam I Up taln
Rovmetempoeati re-geling wrea resing oL ... TO-00 | 100 1o 2RO o Clesed o) Upoto 20
PR R TO-00 | 100 e 2 _____ ) Open_.,. .. Up ta 10
T J B TO-00 | Less than 100, Clesed____ ) Tip to 15

Do. ... e e TO-00 | Less thoe 100_____| Open. - TUp o 8
Casnin. .. R S TO-M) | IO Lo 250, Closed ____ T to 20
DM e e e e TO=M | 100 b 230, TR T— Up to 10
ThiC e [ TO-00 | Loss than 100_____ Clased Up to 16
N TO-00 | Lesa than 100 LLTTES . Up to B

1T ressmmecndod asscrmbly times for the sesditisns Epacified are apyilizable for zloes that mest carrant speeificsdions; chaugk it js reoognized thar seme
rpecie: hrands and formulablons will gorsit somew hed longes eEseenbly times thes 1hoss ropommended heredn; also, il & wsumad Ehet custoeory mixtioes al
Ehis glnze and recommendod speseds will be used,  Whes donbli sgewding i practieed., the pormbsibl kombly perbeds may be incressed by 33 peroent.
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not avoilable, for any epecific adhesive, Table
£-1, however, shows the estimated assembly time
at 76 F, for a number of commercial brands of
mine.

.26, Use or Preszone, The application of ade-
quate and well-distributed gluing pressure is one
of the most important facters in producing con-
sistently good joints.  Pressure omthe joint during
the sarly stages of setting is required for best re-
gults in practically all types and forms of gluing.
The functions of pressure include spreading of the
glue to form a continnons film between wood lay-
ers, Toreing air from the joint, bringing the wood
surfaces inte intimate contact with the glue, and
holding them in this position while the glue sets,

The best reaults in gluing arve obtained when the
pressure is distributed uniformly over the entire
joint prea,  Fluid pressures, such as are nsed in
bag-molding processes with thin veneers, most
nenrly secomplish this result, The application of
similar pmounts of pressure at numerons and regu-
larly spaced points over the joint ares, as in nail-
gluing, approaches Lthis condition, but with thin
layers the pressure at and hetween the points of
applieation may vary considerably,  Coulds, bloclks,
and strips are frequently used between the pres-
gure memnbers and to other parts not divectly under
lond. This is particularly necessory where thin
layers arve glued and the points of pressure appli-
eation are some distancs apart.  Obvioosly, such
pressure distributing members must be true and
even o they do not fulfill their purpose. Non-
uniform gluing pressure commonly resufts in weak
and strong areas in the sume joint,  The principal
eanges of an unequal pressure on joints ave: {1)
irregular surfaees of the pieces being ghued, (2)
urtequel dimensions of stoclt, (3) warped stocls,
{4) improper spacing of the pressure-bearing
memwbers, and (5) deformation, deflection, and
other imperfections in press, clamps, or other
pressing equipment.

6200, Amound of presswrs. The amount of
Pressure vequired to prodice slvong joints varies
over 4 wide range. This iz Nlustrated by the ap-
plication of pressure by soch methods as nail glu-
ing, where the pressures obtained are usually low,
pid, ot the other extreme, the use of jack screws
and hydraulic presses by means of which very high
pressures may be obtained. The range of pres-
sures invalved in aireralt assembly operations may
vary from about 10 to 250 pounds per squars inch.
Bpecies of high crushing strength rvequire amd

withatand higher gluing pressures than woods of
low strength.

It is very difficult to measure the viscosity of a
glue mixture after it is spread on wood surfaces,
At the time of pressing, however, a glue of the
proper consistency will flow sulficiently under the
gluing pressure to show a line of glue af the joint
edge. The absence of “squeeze-out™ at the joint
eilge uswally indicates a dry joint (€, fig. 5-8).
If, on the other hand, there is excessive rlue flow
from the joints, stwrved jointe may result (B,
fig. 5-8)., The resin film gles constitute an ex-
ception to these gengral considerations. The resin
film glues undoubtedly flow within the joints bot
rarely show o line of squesze-out at the edges, The
absance of squeaze-out with film glues is probably
aceounted for by the small amount of glue present
(s, 3230,

In wddition to the viscosity of the glue ot Lhe
time of pressing, the pressure required to bring the
wood surfaces into intimate contact and the erush-
ing strength of the species affect the amount of
gluing pressure that should be applied. Recom-
mended pressures for gluing thick laminations er
for gluing between metal platens, thick eauls, and
other rigid surfnees are substantially higher than
where fluld pressure or thin members ore nsed.

Recommended pressures for specific aireraft
glning operations are given in section 5.4,

5401, Methods of applyping  pressure. The
metheds employved in applying pressure to joints
in mirersft gluing operations ranged from the in-
sortion of brads, nails, and screws to the use of
ligdranlic and electric power presses. Most flat
pireraft plywood 15 gloed on power  presees
equipped with gages, so that the amoant of pres-
sure applied eon be accurately determinecd and
eontrolled (fie. 5-13), Likewise, in fluid pressure
operations the amonnt of pressure can be con-
tredled, The amount of pressure applied by hand
devices, however, iz not-so readily determined.

In figure 5-14 are illustrated some of the com-
mon means of applying pressure to glue joints
by hand. Nail gluing {4, fig. 5-14) is 2till used
rather extensively in the gluing of ribs and in the
application of plywood sking to the wing, contrel
surfaces, and fuselage frames, although it is being
replaced with pressure jigs designed for specific
parts and operations (sec. 5.4). The spring clamp
(B, fig. 5-14) has been used for the gluing of
smnll, npvrow joints and the secentric elamnp, when
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gluing reinforcing blocks in place, but the use of
these two clamps 15 net recommended for steng-
tura] parts becnuse the pressures obtainable are
generally below those regquived for joints of uni-
formly high gquality. Wood clanips and C-clamps
(0 and &, fig. §-14) are extenzively used to gloe
smaller spars, spar flanges, reinforcing blocks, and
bow ends.  The lnrger laminated members, such ns
larger epara and propellers, are usanlly pressed
under jack serews (F, fiz. 5=14) mounted on

frames whers several are nsed on the same joint.
The bay elamp (&, fig. 5-14) is useful when gluing
pieces edge to edze, “Fized distance™ clamps of
the pincher and throw types have been wsed foe
applying gluing pressure to small parte,  Their
ige iz mot recommended, however, for purposes
where strength of joint is important becansa of tha
difficnlty in consistently controlling the thickness
of stock within limits sufficiently exact to Insuro
adequate and uniform pressure.
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The amount of pressure that enn be applied
with the diferent devicss illustrated in lgore
S-14 vavies greatly. The ameont applied by a
single brad may be only a matter of pounds,
whereas several tons ean be applied by jackscrews,
The spring and eccentrie types of elnnps of the
nznal siges likawise are limited €0 relatively smoll
loads,  Calenlations of the approximate amounts
of pressure applied by them may be made, sinee
the load and fovee ppplied ave related to the dis-
tanees from the fulevirm of the elamp to the points
of application. Tests made on deviees 0, £, F,
and & of figure 5-14 have provided the data
ghowm in table 5-13, which may serva az o guids
in the use of similar pressure equipment.

The approximate loads applied by scvews of

squars  threads may be ealewlated from the
formula:

_ (~fD+K) WD (sf0+K)
FL=WR G =8  [«D—fi)
where & iz the force applied fo the lever in

powmds.

£ 1= the length of the lever arm in inches,
W ig the total load in pounds.
47 1= the menn vadivg of the serew in inches.
g the mean dmmeter of the sorew in
inches=14 (dinmetar at root + outside
diameter).
I is the piteh of thread in inches
f i the coefficient of friction (may be as-
ammed as L2075,
w18 A L41G=20,/T approximately.
In usivg serews, the control of the amount of
pressure involves a determination of the force
applied.  This will vory with individuals and,

VEryspec.com

therefore, the use of a torque-indicating wrench
or & lever arm that shows the foree applied is
recommended  (F, fig. 6-15). In experimental
rluing, the amonnt of pressure applied by serews
can be mensurad by the hydraulie device illus-
trated in wee and plan in 4, figure 5-15 and fig-
ure 516, The snme deviees ean be used for checl-
ing pressures in industrinl operptions, but it is
not =0 well guited Tor eontinuous use in produe-
tion, and Ehe torgue-indicating wrenels is poref-
erable where adayrted.

Another simple means of measuring pressures
in gluing operastions consists of a thin envelope
of sheet metal containing oil and divectly con
netted Lo o pressure game,  This envelope o pres-
sure pad iz placed sbove or balow the lond in the
press (F, fig. 5-17), When the pressure is ap-
plied to the blocl: to be glued, the work iz sup-
ported by the il eonfined in the pad.  The fluid
pressiure s measured by o pressure gage.  The
pad may be placed over the load, or under it, o
between eauls below the worle  If the pad is
made to be used diveetly below the lond, it should
extend about one-half inch bevond it on all sides.
Tf the extension is made too great, however, bulg.
ing of the sheet metal will acenr avound the load.
Thiz may be avoided by placing the pad between
eouls =0 that the faces of the pad are entirely
supported. If the bearing surface (in eontaet
with the eanls) is greater or less than the area
of thi lead, corrections to the gage veadings should
be applied in proportion to the differences in areq,
The pada may be made in any size or shape desiped.
If filled with a suitable oil, they may be uszed
in a hot press to transmit heat and pressore to

Tible 5—15.  Fregeare Dala on Serew Clomps and Mher Devicey Uhed &0 @ladng

Ennipmient beste Foreo applisd | i'u'ﬁ‘:':_'hrﬁ{ Pitek of serew n“;".‘t’r"?‘ | Total Toail | Cocmient of
Friiads Tiiches Tk Frcker Foxnds
Jaskserpw e T0. 0 a | L 154a 33, 2834 | 2 1078
Do E— R LI 1= % 1¥s 10, 350 | = 1097
D . PR - L al L 2%a ik, T30 2, 300
B N ET 7 5| # 7, 504 2 B0
Coplatnp. .. R 700 | 1% % Ha | 1. 584 £ 2
Do S a5 3 " Ma 2700 | > 20
Do ... Y 2 K i 1, a7 | 3, 20
Bar elamp B B o F Y i & 810 % 2
Wond clamp *. ... *YLaE Y Y % 17m LR [

" Mlereraned In WA,
£ Deleniatial froun 400 lenoeia plven In s 5381
T Assumed from Tesuls of pruyheius LSl

apernskmaie,
with the work s cppeosimateiy the peiton show i Apeee 3-04,

4 Mipdnl sevews il Y by Lhincubs; henoe yilomlsdion frem Feosaio isanly
The premen doveloped by (e wosd damp W Eeasied
Witk el

wiell el Lo (haeesies & sonabkerably gresior loml way e deeeloped.
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the lond. They have been used suceessfully in
applying pressure to searf joints in a hot press.
Sines the pressure pads arve not available eom-
mereially, a deseription of the method of making
then is given here (A, B, &, and D, fig, 5-17).
Twa shests of No. 26 black iron are cub Lo the size
desived, and two heavy stiel bars prve elomped one-
fourth ineh awny frem the edge to be welded.
These heavy meial bars arve essentinl beenuse they
absorb the heat from the welding operation, hold
the metal in line, and prevent buckling of the

thin metal. A coating of brass iz applied by the
brazing process on both sides of the pad st the
Place the connection is to be made, A smnll notch
is filed at the center of the brazed area at the
edge and o small opening forced between the
plates. At piece of Ig-inch copper tubing is
elotted at the end, fattened =0 as to fit closly
over the surfpce of the brazed aves, and then
soldered in place.  When the pad iz completed, o
pressurve goge should ba connected to 3t throogh
a Lot Another lne connected fo Chiz same tee
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may be uged to introduce the oil. The il enn be
forced into the pad by o emall amount of pressare
with a pump or by geevity. Enongh ol should
b need to give the pad the desived thickness, and
all air should be purged from the pad and con-
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nections,  The branch supplying the ofl shonld e
crushed together, ent off, and sealed with solder.
Tl ]J:td s far will ot hove taken ahupe. By
placing it between rigid boards and applying
aullicient presanve the pad will become flat aned the
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edges foroed.  The pad may b2 made in any con-
venient thickness, but there is no advantase in
malting the pad moch ever one-sighth or thres-
gixtaenth ineh thiel

Vovjouns jigs have besn developed for the as-
gemnbly of vavicus parts of aiveraft and the appli-
cation of pressure i glning by either screws or
Lrdeanlic and air methods. A common fault in
the design of jigs i= that they are too lght to
caryy the loads invelved. It is recommended that
the jiga be designed to covry ot least 500 pounds
per square inch over the entire gluing area in
order to provide p veasonable factor of safety for
the possille gloing of high density species where
& minimum pressare of 200 pounds per sguare
inch will be vequired, Where finid pessire 1=
employed, by liguid ov aiv applied to the platen
aren, the loads are relatively easily determined
frome the onit pressuve andd the affective aven bo
whieh the fluid pressure 15 applied. Move de-
tailed information om the applieation of pres-
aares in speeilic operationg is given  nunder
section 5.4

5.052, Pyretion ef prassure.  Joints should be
retnined nnder presure ab least nntil they have
sufficient  strength Lo withstand the inlernal
slresses tending to sepavate Lhe wonod pieces. I
ig =afe to assqwe that, ander favorable zhung
comelitions, this stage will be reached in from 2
te T lhours with room-temperainre-setting glnes
aceoriling to the thickness and abserptive power
of the wood,  Tn hot-pressing operntions, the do-
eation of pressoe may range Feom o few minutes
o one-liall owr or more, depending on thiclkness
af material, temperature, and kind of wood and
gloe, A pressing period beyond the winimun is
ndvizable and ig usnally provided for in divectives
and gluing specificatione

The eate ot which joints guin initial steength
ig the principal factor in determining the length
of time in the presz. Joints made with the eold-
sotting glues increase in strength mainly a3 the
vesult of chemical action and the drving of the
glue loyer, and deying, in torn, 15 affected by zov-
eral factors, The quickest relense of pressnrve is
possilile when o fast-setting glue, a thin spread,
and warm, drey, thick layers of weod are glned
in a warm voom,  The rate at which glues sel is
lnateated and disenssed nnder section 59062,

g Groms Tesvercroee. Temperatures in
the gluing eperation shonld be contralled within
recogniged limits, which are governed Inrgely by

BHEAT - =Gl

the characteristies of the glues. Tempernture af.
fects the working life of the glue solution, the per-
missible pemembly period, the rate of seiting of
the glue, and the conditioning of the glned stock,
5260, Efcet on werling e of wized glies.
An increase in temperstire sharply enrtails the
working life of resorcinel, intermediate-tempera-
tuve phenel, ad room-tempernture nres-rezin
glnes,  These gloes el and =et as 0 veznlt of chem-
teal petion wned loss of water, and the chemical
action partieularly 35 accelerated when the tem-
perntire 15 inerensed.  Figure 5-15 illuelrotes the
effect of temnperature on working life for plees
of several diffevent types. These curves merely
mdigate general relationships and do not apply
to all glues of each type vepresented.  As a rough
approximation. however, ni incrense of 10° F
in the temperature of the glue solution vedows
the working life by one-half for intermediate-
temperntare phenol, vesorcinal, and voom-temper-
plore urea resing, When any gloe of these types
is to Le wsed, the nser shoulil obtain infornation
om the worling Tife at different temperatures from
the wenwfaeturer of the alue, or develnpy this in-
Formation for himeelf.  As mentioned elzewlers,
it may be fonnd advizable to leep the glue con-
iainer in o bath of eold water at about 70° T, to
vetain a reasonably long working Tife during ot
wentler, Resin glues shonld not be used wlhen
more Chan 70 pereent and casein glues when more
than &80 peveent of the working life has elapsed,
Tlhe effeet of temperature on e working |ife
of cazein glues is somewhat less mavked than for
the vesin glues, as indicated in feore 5-18. Asae
general rule, o vize of some 207 F, is requived to
veduee the worliing [ife by one-half.  In the avey-
age operption, where the glue is mixed nt least
twica each day, the user will ovdinavily hosve no
troulle with the casein glies (hat meet current
specifieations.  In Dot weather, however, 1L may
b adlvigable to obssrve some precavtions, sneh ps
arvanging to mix three or four batches of gloe
instead of two for each S-hour shift.  Tamitations
ort the use of casein glues at low lewmperatures
are not very inportant, and the lower Timit of
thie temperature of the gloe voomn will probably
be governed more by the comfort of the workers
thun by the characteristics of the casein glue,
The temperature changes involved nnder aver-
ngre operating conditions do not materially affect
the workivg life of meet hot-setting glues,  These
gloes, however, will thicken apprecinbly in the ghe
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Figird §-18. Reprogentalive working-life eavecy for reporcivel, intermodinte-tomperatere glcuel, eold-pefting urea-
ragin, and caeeim gines.

pot and on mechianical spreaders Beeanse of evap-
oration of solvent, which is noeelerated somewhat
at higher temperatures. The working life of the
resin-film glues s & matter of months onder aver-
age operation conditions, but it is advisable to
store them in cool dry places,

5261, Bt on assonbly period,  The effect of
the temparature of the glning room and stocl on
the permizsible elogsed and apen assembly periods
for resorcinol-resin glues is shown in figore 5-19.
When the surfaces ave laid together immediately
after aprending | closed assembly), evaporation of
the aleohol-water selvent is limited and diffusion
of golvent into the wood and chemien] action con-
trol the initial thickening of the glue, Both of
these Fnctors are affected by temperabore and the
permissible assenbly time decreases with an in-
crease in temperature.  Althongh several vesor-
cinol glues develop strong joints after closed ds-
sembly perviods as long as 130 minutes at 75° F.
andl 0 rninutes nt 105% F., a5 shown by cutve A for
closed assenbly in figue 5-19, others are consider-
ably more limited in the maxivanm elosed assem-
bly periods thot con be permitted (earve B, fig
5-19). For pesorcinol-resin glues, o maximum
closed pssembly peried of 50 minutes at 76° T,

decrensed ot higher temperatures aceording Lo the
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relationghip shown by curve B for closed nssembly
in fignre 5-19, is o practica]l working limit.

Open assembly time is forther limited by the
lozs of solvent throngh evaporation, as shown by
eurve A for open assembly in figure 2-18, While
maxinium epen ngsembly may be more than 60 min-
utes at T4® F.and 10 minotes ot 105° I, with some
resoreinols, others ave limited to somewhat shorter
pericds (enrve I fig. 5180, Resoveinol-resin
glues can be nsed safely within the open assembly
tine of 12 minutes at 78° F., decreased at higher
temnperatures a5 shown by corve B lor open as
sembly in figure 5-18, When both anfaces are
gpresd with glue {(double spreading), open and
closed nssembly periods may e incressed by 25
percent, When longer assembly pericds are re-
quived for the completion of a specific gluing
operation, inereased nssembly times for certain
resoreingl zlies may he permitted 1f recommended
by the glue manufactorer and approved by the
procuring amEne,

Aszembly time for intermediste-temperature
phlenal vesings is affected by temperature in muoch
the sproe woy ns for resorcinol resins. Although
gonerally permitting longer perieds than resor-
cinols, individoal olues vary greatly in permissible
assembly time at a particular temperature, and

s
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speeille recommendations for the ghee used =hould
be obtained from the glue manufacturer,

The effect of temperature within the range com-
monly encountered n factories on permissible as-
sembly perods for casein and eold-setting vrea-
resin glues s not s0 pronounced.  Moximom e
sambly periods for glues of these types are limited
Tnrgely by the initial thickening and drying that
reault from dilfusion of water into the wood or
from evaporation, If the assembly period is ad-
justed within conservative limitz up Lo 20 minutes
for cloged nzsembly and up to 10 minutes for open
nzsembly (table 512}, it iz vsually unnecessarvy
to make adjustments in assembly periods to com-
pensate for changes in the temperatire of the
gluing room.

Limitations en muximum assembly periods for
haot-presa glues are nznally not so evitieal,  Aszam-
bly pevieds for these glues vary from as little ns
one-half honre to severn] doys or longer.  For the
hot-press phenal, uren, and melamine rezin glues it
iz usnally reconnmended that safficient tive be paer-
mitted to elapse between spreading and hot press-
ing to permit evaporation of the solvent,

5262, ffFect on vate of sefting dn jeints, Tem-
perntnre has o pronounced effect on the eate of
setfing of the glue and the mte of increase of joint
strength, The setting and  development  of
gtrength of vesin glues and casein glues depend
upon chemicen] changes that are aceelerated by -
ereasing temperature,  Fagure 520 illustrates the
rate of increase in the strength of joints made with
resoreinnl, room-temperature-satting wren resin,
pne ensen glnes on 34-inch thick laminations of
hard maple with temperatuves of the reom and
stock maintained at 76° and DO°F. At 75° F.,
easein glue is shown to develop joint strengths
faster than room-temperature-setting urea vesin,
which, in turn, is =omewhat faster than resoreinal
regin, Forty percent of the finnl strength of the
joints was attained with easein gloe in abont 114
hours, with room-temperature-setting urea resin
in approximataly & hours, and with resoreing]
vesin in about 7 honrs. These strengths ave ap-
proximutely equivalent to the full shesring
strength of such aireraft woods ps Sitka sproce and
Waestern hemlock,

The effect of temperatnre on rate of setting is
evident when the rate of inerease of joint strength
with the sama glues at 80° T, is compared with the
results obtained at 76° F, At 80° T, the rate of
setting of the resoreinel and nrea resing was greatly
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aceelerated, while that of casein was affectad toa
lesser degree.  Forty pereent of final strengtl was
renched with casein in slightly more thon 1 hour,
with uren resin in abool 2 heurs, and with resor-
cinal in slightly more than 2 heurs,

When vsed in gluing flat enrfaces of light con-
struction snch that the glue joints ame not appre-
einbly stressed upon the release of glning pressure,
n pressing peried of b hours at 75° F. 15 consid-
ered suitable for reserving] glue,  Resoreinol resin
sheald not be used an wood or in rooms below 75°
F. For similar gluing operations, o pressore
pericd of £ hours at 70° F. i3 reguived for either
room-temperature-setting urea oF casein.  Casein
glues moy be nged ab temperatures as low as 40°
T., but cold-zetiing nren regin zhonld not be used
an wond or in rooms below 70° F. When cagein
glues ave used at temperatores lower than 70° F,
their rate of setting 1= greatly decransed, and the
joints should be kept under pressure for longer
periods than are reconvmendcled for T0° I,

When glue surfaces must be foreed into contact,
as in ghning envved members or in heavy construe-
tion, o longer pressnre period i3 needec,  With
vegorcinel resin a minimum period of 7 hours at
75% F. = vequirved ; with nres regin and casein, &
hours at 70° F.

Bimilar trends in rate of inereaze in dry strength
in resoveinol, nren-resin, and cnsein plue joints
hinve been shown by teste on hivelr plywood.  Ply
wackl joint tests liave also shown that wet strength,
as mensured by Lesting after soaking in water for
45 hours, inerenses much more slowly than drey
strength. Thizs fact enphasizes the necessity for
an extended conditioning period ot erdinary room
temperatures before testing for woter vesistance
and is of imporianee to those who have gecasion
to test oloes rather than to these who nse glnes
as a regular part of commereial production,

DR Wee of higher femperaturas, In many
gluing operations, temperatires in exeess of veom
conditions are required to set the gloe or employed
to reduce the time required for setting the usnal
cold-setting glues.  Elevated temperatures are
utilized in hot-pressing fat plywoed, in bag maold-
g, anl in various assembly gloing operaticns to
effect the oire or set of the glue in the shoviest
practical time,  In these operations, the glues ave
apread and the assemblies laid up ot cedinary room
tempeatures but later heated by beine placed in
heated vooms, Lot presses, autoclaves, or specinl
assembly jigs hentad by steam, hot air, eloctricity,

ol
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or other means,  All such operatione invelve the
problem of heat transfer through the wood to the
elue Tine oz well as the temperatore and time re-
quired to cure the glue propecly.  In all assembly
gluing operations carried on at elevated tempern-
tures, provisions should be made to prevent ex-
eeasive drving of the wood during the heating
period. Proper humidificotien of rooms is essen-
tinl if assemblies are ploced in heoted reoms or
chambers to aceelerate or effect the core of glues,
If lamp-banks are used as a source of heat, the
lamps and assemblies should be encloged in o com-
partment and the comportment humidilied to n
degree sufficient to prevent excessive loss of mols-
ture from the wood.

Determination of the temperature and time of
henating required to obiain » satisfactory cure of
the glue in joints is complicated because of the
number of foctors involved. In addition to the
factora affecting the rate of penetration of heat
through the wood (§-1§), the problem s further
complicated by the fact that the curing of
synthetic-resin and casein gloes does not take place
at one exact temperature but rather over a range
of temperatures that differ for the different glues
and for varione formulations of the same type of
glue, One resin glue, for example, may cure in 3
minutes st 3007 F., in ¢ minotes at 230° F_, or in
20 minutes at 260° F, (Mher resins of the samsa
bosie type may core oz rapidly at the higher tem-
peratures but fail to give satisfactory bonds when

cured more slowly at low temperatures or may
even have an entively different range of curing
temperatures,

Im view of the complications involved, the
manufacturers’ recommendations should be ob-
toined on the time-temperature curing relation-
ships of the glue nnder consideration. These rec-
ommendations  shonld then be checked by
themoeouple messurenwnts of the femperatures
actually obtained in each glue joint and by joint
testz on each glue ling in the nssembly to see that
all joints ame receiving sufficient heating to core
them effectively. The recommendations may be
checked further against ihe fundamental data on
heat transfer (5-14) to see that the temperature
conditions at the glue lines are those expected.

5.2630. Iime-temperature curing rvelations of
Mirh-temperature  weain  glues.  Approximats
pressing periods for the glues classified in tabls 4-1
as high-temperpture-zetting phenol, when used in
conventional hot presses without eauls, are given
in table 5-14, The use of cold canls with the
veneer assembly will increase the regnired pressing
period. This information iz intended to serve as
o reugl goide and should be checked with manu-
facturers’ recommendations, by thermoeouple
measnrements of gloeline temperature, and by
tests of joint strength. It is recognized that the
reecmimended pressing periods Lend to be slightly
longer than the minimum time requived to core
the majority of ghies belonging to this elass, but

Table =14, Approcimeals proesing fome for the glieleg of posels wilh phenolic-reatn glises
when the platen temgporalures are 007 lo 3105 F,
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the table ig intended as a general guide and not as
a fixed minimom recommendation, The schedules
suggested in table 614 will not prodoce tempera-
tures s the centers of thick panels equal to thoss
ot the centers of thin panels.  Conssqnently, the
snggested periods will not correspond exactly to
data derived directly from fundamental heat
transfer equations, It is believed, however, thet
the wae of the schedoles will lead to the production
of good jeints, provided other gluing conditions
are properly controlled.

When vsed in hot presses with platen tempera-
tures of 255% to 285 F., other glues thoat set at
high temperatures, such as melamine formalde-
hyde, hot-setting uren formaldehyde, and fortified
uren fovimaldehyde, which can be cored at tem-
peratures of about 240° or slightly above, will et
in spproximately the same periods given for the
vespective assemblies in table 5-14.  Inevery case,
however, the recommendations of the manfacturer
should be obtained, checked by thermocoupls
measarement of gloe-line temperature, and the
zloe-joint quality determnined by test,

5651, Tima-temperatuyre relations for inler-
medinte-tomperaiire phenol and melaming-resin
glues, Intermediate-temperatore phenols vary in
their time-temperature curing requirements, and
no figed schedule applicable to all glues of this
type can be established. Complete cure of these

Elues is obtained at temperatures betwean 150° and
200° ., and a number of them develop high joint
strength in several howrs at 120° ¥, The effect, of
ternperature on the rate of setting of glues of this
Lype iz illnstrated by the heating period required
to develop approximately the full stremngth of
three-ply, 3 g-inch yellow hirch plywood with one
intermediate-temperature phencl: 10 hours at a
temperature of 110° F.; 214 hours at 120° F.; 45
minnutes at 140° F.; 2 minutes at 160* F.; 10
minutes at 120% I.; and § minutes ot 200* T,

Intermediate-temperature melamine resing are
characterized by similar variations in enring re-
quirements. The effect of termperature on the rate
of setting of Intermediate-temperature melamines
is shown by the data obtained from tests of ply-
wood as described in the preceding pavagraph,
Six hours at 140° F,, 214 hours at 1507 T, 114
hours at 160° F., 40 minutes at 170° F., 20 minutes
at 150 F., and 10 minutes at 180° F. were found
to be approximately squivalent in their effect on
plywood joint strength.

52032, Bate of satting of resoreinol-vestn ghees
ird elovated tomperatures, The rate of setting of
resorcinol-resin glues in laminated hard maple
blocks af 75% and 90° F. iz shown in figore 5-20,

At higher temperatures, joint gtrength develops
at n Taster rate, as shown in figure 5-21, which

L TMATE JONWT STRENWGTM (PERGENT)
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Figure 5-21. Timedempevaliurg coring relationships for redoroinel glivee.  Percentapes of ullimale foind strenpih developed
in Phrarply, Hodeck pelloawr brek plicoed ofter different perieds of cure 8@ vorions fempernfmres,
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i5 bnzed on avernge resulis of tests of several resor-
cinol #lues in three-ply, 3g-inch vellow birel
plywood,  Joint strengths comparable to that de-
veloped n 5 hours et 75° F. (see. 5.262) were ob-
tained in %34 hours al o glee line temperature of
90° I, 114 howrs at 100° F., 43 manutes at 110° T,
23 minutes at 120° F. 16 minutes at 130° F,, 10
minntes af 140° F., end § minutes ot 150* F. Foe-
ther curing will ecear slowly at room temperature
aftor auch periods of heating, or more complete
oure can e effected by prolonging the heating
perind.

The rapid rate of setting at higher tempera-
tures emphasizes the danger of precuring that
exists when rescreinol-vesin glues sre used in hot
presses and heated assembly jige.  Hot-press
pquipmment used with rosm-temperatore-setting
regin gines shonld be limited 1o the quick-closing,
single-opening type, and oiher pressure deviees
shoulel be such that the vequirgd pressare can be
attained in o few seconds,

BOESS. Rute of setfing of room-temperdurd-
seffing wreg-resin glies of slovaded demperatures,
The rate of seiting of yoom-temperature-setting,
nrea-resin glues can be inerensed over that shown
in figure 5-20 by the use of higher trnperatures,

‘Tests on cold-setting urea-resin glue in three-ply,
% p-ineh yellow birch plywood indicated that the
titne required to set the glue sufficienily to give
a dry joint strength of 500 pounds per square
ineh decrenzes by approximately one-hall for ench
10 degrees b vise fu temperature at the glue Tine
The same geners] relationship held for the heat-
ing periods required to develop 30 pereent wood
failuve in the shear specimens.  This degres of
euring represents some G0 to 80 percent of the
final joint strength, but with cold-sstting uren-
vesin glues fual curing would ultimaiely oceur
at ordinary rodn temperatures,  To achieve thia
state of cure, it was necessary that the gloe line
be ot 12307 I, for 32 minutes, at 180° F. for 4
minutes, or at 180° T, for 13 seeonds after allovw-
ing u peviod of approximately 134 minutes for
the glue line to peach the plalen ftemperature,
The time vequired for e glue line to veach 2007
and 220° T, was soflicient to st the gloe fully.

I pubilition to the danger of precuring, there
i gome question coneerning the effect of tampera-
tures abwove 2007 I, an the ween-resin glue. From
the evidence available, it appeavs thot the zlie-
line temperatures should not exeeed 200° F,
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Whensver the cold-setting nrea resins are usad
ai, elevatad temperatures, the mannfacturer shonld
be consulted and recommendations obtnined on
the maximum permissible heating temperatures,
The vapid rate of setting at higher temperatures
emphasizes ngain the necessity of precautions Lo
avoid precuring.

52684, The rate of seiting of casein gluss af ale-
vated fomperatures,  The vate of setting of casein
ghues is likewise accelerated at elevated tempera-
tures but to o lesser extent than in the case of the
vesoreinol or cold-setting urea-resin gines, Tests
on a commercial easein glue indicated that o joint
strength of 300 pounds per square inch wis ohe
tined in three-ply, f-inch yellow hiveh plywood
with the glne line at 120° F, for abont 45 minutes,
at 1607 ¥, Tor 30 minutes, at 180° F, for 11 minutes,
at 200° T, for T4 minutes, and ot 220° T, for 4
minutes, These times, of covrse, do not inclode
the period of sbout 114 minutes needed to heat the
glue line to the desived temperature. The time
refuived to reach n shear strength of about 300
ponnds per square inch was approximately halved
for each 267 to 30° F. rise in temperaturs within
the rangre of 1207 to 220° F,

5261 Electrostatiz heating, T wood i= placed
inan elecirical field that nseillates at the frequen-
cies used in the short-wave broadeasting mngre or
higher, heating oeenrs threnghout the mass, thus
making it possible to introduee heat at o rate de-
pendent on the matevial to be heated and the
capacity of the equipment available.  The advan-
tage 0f this method in contrast to heating by con-
idunetion is obvious,

Although this method has been introduced only
recently into the woedworling industry of the
United States, it iz now gaining favor in the air-
craft indostry for the vapid setbing of adlesives
known gz “eold-getting™ and in the euring of ther-
mesetting glues, It appenrs to be especially well
adapted to the gluing of thick laminated or ply-
wooil members, such as propellers, spars, or bear-
ing blocks, especially where the usnal lot-plate
methods are tine consuming or impractical, The
process hag alveady been demeonstvated on o preae-
tical seale and is in lnited conmmercinl use for the
mumudactore of plywond. Tt is now used ju the
gluing of airplane spars and other airplane paris,
boat keels, and compreg, and in the prebeating of
treated material that is to be compresacd,

The electrostatic heating apparvatus iz similar
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to that used in short-wave broadeasting, except
that, instead of radiating the energy into space,
the equipment is so desipned that the energy is
eonverted into heat within the mass of wosd ocou-
pring the high-frequency feld. Units having an
ontput of less than 7 or 8 kilowatts can be mounted
an easters to serve eeveral presses or jigs. A unit
af T kilowatts output is shown in A, figoes 528,
aud in &, figure 523, Smaller units ave shown to
the right in & snd & igure 5-22, and in A, fguee
528 for lower heating loads, The machines are
connectad by fexible cable to electrodes suitably
Tocated in the press,

Several methoda of applying the electric fisld for
the gluing of wood have been emnploved (fig, 5-24).

If o metal press is used snd there 1= enficient
epening to permit, the arrngement shown in A,
figure §-24, may be used, but there must be auf-
ficient voom for bloeking between the pres platens
to prevent excessive energy losses to the press,
When the opening of the press 1s limited, the ar-
ramgement shown in B, Apove 524 moy be nsed |
i this caze twe bloeks are glued at o time, In
the foregoing methods, the high-frequency field iz
applied perpendicalarly to the plane of the zlue
joints, und the entive mass of the material is heated.

In ertain enzes, glue lines may be set selectively
and very vapidly by applying the electrical feld
parallel to the gloe lines,  An electrode covering
the entite pieee is shown in F, foore 5-24, which
illustrates the gluing of an edge joint in o single
lamination. The use of o relatively narrow elec-
trode for the sune gluing operation is illustrated
in I, figure 524, Another applieation 13 illus-
trated in &, fgore 524, in which the Geld is ap-
plied pavallel te the glue joints in a member nwde
up of several laminations,  Sinee it is diffienlt to
measure and to eonitrol the temperatore of the gloe
lines when selectively lLeated, s high degree of
care is vequired when the procedure is employed in
fabwieating structural joints in aireroft. When
used, it is necessary that 1he operator work ont the
electrode spacing, heating time, and field strengtl
earefully before starting on the production of
jointe in guantities in order to conform te the
stondards for contral of high-frequency gluing
established by Avmny Air Forces Specification
20041 {Gloe; Curing Process, High-Frequency
Dielectric Heating, 1 March 1845), Shear tests
of the gloe joints should be made thronghout the
length of the jeint, and the slue line should be

carefully examined to be sure that the setting hos
been nniform and that ne local overheating hos
ovenrred,  Such overheating shows up in the glue
ling as a light brown discoloration, or scorched
appearanee.  Ifsuch aveas occur, the field strength
or the heating time should be reduced until they
no longer appear.  If glue-line temperatures must
be vaised above approximately 215° F. to cure the
glue, selective heating introduces the dunger of
excessive arcing through the plue line. Conse-
quently, the procadure is not well adapted for the
ewring of high-temperature-setting resin glues.
With proper eore it can be used to cure vesin orlues
of the intermedinte-temperature-setting type, but
in aivernft fabrication it is most frequently used
to accelerate the cure of room-temperatnrve-setting
rlues,

Temperatures may be measured by placing ther-
mocouples in the material under test, The lends
outside of the lond should be short and brought out
parallel to the electrodes. The potentiometer
shonld be disconnected while the electriea] field is
being applied.  Ordinary thermometers may also
be used, but they are probably subject to oroater
srrors and are not so convenieut to se as thermo-
oo ples.

Insulation or spacers are desivable while lieat-
ing in some instances in ovder to reduce heat losses
and to maintain surface temperatures,  Auxiliary
devices mnay be necessary to prevent the develop-
ment of standing waves.  Where veneers are heing
glued, it is necessary to interpose & layer of Ply-
wooi betwesn the electrode and the work, Thus
it i= possible to cause the last glue line to be heated ;
otherwise, it wonld be eooled by less of heat to
the slectrode. Insulation along the sides of the
wood being heated will greatly reduce radiation as
well ns egualize the heat througheut the work,
For example, if the material in the pres receives
more heat at the central sone than at the edges,
the thermal expansion will be greater at the center
than alomg the edges, thus canging open jeints and
inndequate pressure, The insulation should he
ineluded in the high-froquency field and moy be
made of a low-density material or of & vim of the
material being heated. Another methed of ac-
complishing the same result is to hent the space
surronnding the wood in erder Lo reduce heat [osses
from the werk, ITeated electrodes, of cowrse, make
insulation unnesessary.
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Figare §-22. High-frequency keading,

A, ewreed frome port being pressed and heated ;) B, figs aeilh elactrodes

for phidag glider deal, (o) exterior fig, (¥) inderior jig; O, (@) ghider fead Deld da jigs wkile belag ghied, (&)

Anfshed soaf,

204

Ei



Downloaded from http://www.everyspec.com

Figure 533 Highk-feroguency hooding of iving ofb perds, A, singfe picoe @ffer vemaral fram elomp preae; B, sl
fj.l.ll!' proseiig aud Soaling of wing wib port axleg lerge ooilaredor,
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Figwreg 6-24, TPppical cioctrode orreagomoals for g
freeguensy koo ling.

AT, Gumye DirperesT SrRCIES AND SURFACES
or Woon—The strength of glue joints obtained
with various species depends, in general, upon the
specific gravity of the wood (680 and 5-10).

When glued between 8 and 12 pereent moisties
eontent, there is no consistent diffsrence in the
dry strength of joints made with resorcinel, ine
termediste-teniperature pliencl, cold-selting uren-
vegin, and casein glues, Approximately the full
gtrength of the wosd was developed in tests in.
volving o large number of woods used in aiveraft.

Iy general, the low-denzity species are more
ensily gloed with all woodworking glues than are
the high-density species.  With high-density spe-
cies sich as yellew bireh, havd maple, and
hickory, the prodoction of gloe jeints that de-
velop the full strength of the wood and that are
durable under severe exposures meguire more
carefnl control of the gling conditions than with
low-density species, such as sproce and yellow-
poplar.

Adthongh freshly planad surfuces of most woods
uged for aiveraft present no special gluing prob-
lems, diffienlty may be experienced with plywosd
of different apecies and densities.  The nature of
these unfpvorable surface conditicns, most of
whieh develop during plywood manufacture, and
the corvective measures are discussed  under
section 5212,

8.270. Becommendations Jor glwing side-grain
surfoces of differend specizs. Certain  recoms
mended gluing conditions are similar for all spe-
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cies, lut wvariations in other conditions pre
necesaary for best results, The ameount of gloe
sprénd and the moisture content of the wood ol
the time of gluing need not be varied. The per-
mizsible assembly periods are lilewise similar for
most species and gre within the limits given in
table =12, Maisture diffuses more rapidly into the
sipwood than into the heartwood of most species,
and, while there s considerable difference hetween
apecies in this respect, thess differences are not
important if the assembly periods ove kept within
the recommended limits.  Some change in viscos-
ity of glue, particularly for cosein, i= advisable
when gluing high-density species, such as hirch,
beech, maple, and hickory. A 5§ to 10 percent
decrense in water content overr Lhnt recommended
forr loow- ol medinm-density woods is nsually suf-
ficient and aids in preventing stavved joints for

Groor 1

S do 350 pavngy per synare inek

Ash, white. Fweot gum.
Hickory and peean. Byenmare.
Kaple, hard, Walnut, hlack,
Bireh, vellow. Elm, Anseriean.
Beech, Iranglas-fir,
Dak, white, Mahogany.

Muognalin, sautlsrn,

Magple, soit.
Tupele, watar.

The crushing strength of wood decreases rapidly
with inerense in temperatore and moisture con-
tent, At room temperatures and moisture eon-
tenis of & to 12 pereent, the erushing strength of
pireraft woods i3 considerably higler than the
fovegoing reconunended gluing pressures, which
have been found satisfactory for the production
of ligh-guality glue joints. At the temperatures
nsed in mannfacturing hot-press plywood and ot
high moisture contemts, however, the erishing
strength of woeod iz much lower.  These congid-
erptions are mmportant and wmnst be talken mto
account in the wanufacture of aiveraft plywood.
Seme of the low-density speeies in particular,
which will withetand 150 to 200 pounds per square
ineh in cold-pressing operations, will be ecom-
pressed considerably at pressupres of 125 to 150
pounds per square jnch in hot presses operated
at temnperatures of 510° I,

Whenever species of widely varyving densities
are glued together, the conditions recommended
for the heavier species should be approached as
closely as possible, but the pressure should be ad-
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Grove 11

Bt N paveds ner rpueTe (et

species with which high pressures are normally
nsed,

The pressures recommended for gluing varigus
aireraft woods vary considerably. Pressures
should be sufficient Lo produce joints of high qual-
ity but should never exceed the erushing strength
of the least dense species in the assembly,  With
fluid pressure and nail gloing, there arve definite
lirnitations on the pressures that ean be uzed, and
adjustment for species differences is rarely pos-
sible. With other pressure devices, such as jack-
sevew and hydraulie presses, however, the species
consideration is important.  From the standpoint
of the pressures that produce the best glne joints,
the aireraft woods can be divided ronghly into
three proups, with recommended sloingr pressices
s follows:

Caougr LT

100 Fo 5 paumdE et Hpaeer fuck

Dazawond,

Cottomnogd,

Tle, molalie,

Hemloek, westorm,

Fine pomderosa, sugir, and white,
Part Orlord white-codar,
TRedwaad,

Eproce, red, EEt.ku:_-unr] whita,
Yellaw-poplar,

justed =0 a5 to avoid erushing of the least dense
wood in the assembly.

Aside from any effect of density and slrength
of weod on the shear strength of joints, the species
of wood hos au effect on the vate at which resor-
cinel and mtermediate-temperature-setting  phe-
nol gloes harden or cure. The effect was demon-
sirated by experiments in which g-inch veneer
of several aireraft species wos gloed with thiee
resoreino] olnes and one intermediate-temperature.
sefting phenol glue, using curing temperatures
of B0° F, and 120° F. {5-15), The effect of spe-
vies on the developient of joint stmmgthe was
revenled in the data for both the phenal and the
resoreinol glues,  With the two resorcinol glues,
the species fell in aboul the same order in respect
to the rute of development of joint strengil
With the phenol glues, the order wos not the
aame a5 for the vesorcinol glues.  The effect was
apparent at both the 807 F.oand the 120° F, cur-
ing temperatures, From the data, the species
commonly used in aireeaft may be arvanged in
an Approximate order progressing from those on
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which a glue cured most vapidly fo those om
which a gloe eured mest slowly, For the resor-
einol glues, the order was sweetgum, hord maple,
yellow birch, noble fir, Western hemlock, ma-
hogany, Sitka sproee, and Donglas-lir, The or-
der was consistent for both curing temperatures.
For the mtermediate-temperature-setting phenol
glue, the order waz not so consistent for the Lwo
temperatures, probably becanse the intermediate-
temperature-setting oloe may have dried at the
lower tempsratures with little chemieal euring.
For the 120° F. curing temperatures, however,
the order was noble fivr, Western hemlock, mo-
hogany, Donglas-fir, Sitka spruce;, vellow biveh,
havd maple, and sweetgnm.  The difference be-
toeen the species was sullicient to indieate that,
in the gluing with resorcinol resins of Western
hemlock, mahogany, Sitka spruce, and in par-
tienlor Donglos-fiv, the time under pressare shonld
be extended beyond the minimun vequired by the
application of Specifiention AAF No, 14184,

G071 Glwing endegrain surfoces. The meth-
ods, proctices, resulte of tests on joints, and ree-
crnmendations that have thus far besn presented
velate move speeifically to the gluing of side-grain
swifuees of woold.  Suel surfaces ave involved
exclusively in plywood and lominated constroe-
tions,  Joints between side-grain surfaces in most
gpecies can be made a8 gtrong n shear parallel to
the grain, tenston across the grain, ov cleavage,
as the wood itself. The highest stresses deval-
oped In these jonls do not exeeed 3,000 or, at
the moest, 4000 pounds per sguare inch.

The gluing of end-grain sucfoces, on the other
hand, is not aceomplished with the sane degree
of snccess.  Straight end-grain bott joints are
vavely attenpted in any type of construction, and,
whete the weod is sabjected to tension sivesses
parallel to the grain, joints of this type cannct
be depended upon to develop more than a small
part of the stymgth of the woad,

Most North American species of wood are eapa-
ble of withstanding G000 to 20000 pownds per
sepnare inel in tenston paraliel 1o the groin, Tests
made in ploing straight end-grain sovfaces have
shon that such joints ave eveatic and rarely ex-
eoag] about 3,000 or 4,000 pounds per square meh
in strength,.  Their streugth is limited by several
factors, including (1) structure of the wood, (2)
penetration of Lhe glue, (8] air bubbles in the
opemnrs of the wood, (4) guality of glue, (3)
comsistency of glue, (6] applieation of glie, (T)

amount and duration of pressure, and (8) shrink-
age of glue  Since factors (1), (3), and (8) are
largely beyond operative controel, any improve
ment in strength must be brought about primosily
thraugh the oither factors.

With even the most careful gluing of straight
butt joints, not more than about 20 percent of
the tensile strength of the wood parvallel to the
orain has been obtained in tests. It is evident,
therefore, that in order to obtain a tensile strength
of the various species that is greater than 25 per-
coant of the tensile strength of the wood, w searf
or other form of joint must be used instead of
plain end gluing, Where it is necessary to elon-
ente members, such as ]m:;;e.runs O SIS, Some
gieh form of joint b8 vecornmended, The plain
searf (A, fig. 5-84) is perhaps the easiest to glue
and involves fewer machining difficulties than the
many-angle forms of joints.

Excessive penetration of gloe may ovenr when
wluing end-grain surfaces, such as searf joints,
This iz more likely for hardwonds with Inrge
vegsels o poves than for conifers or softwomds
Excessive penctration ig more of o problem with
thin glwes than with thick glues aml with high
pressures than with low pressuves, I i vecom-
mended that, for zluing seavf joints and othe
end-grain surfoces, both surfaces shonlid be conted
with olne amd other condition: Favarable to the
production of strong joints should be observed,

Im zome eages, partieulacly with the dense, por-
ous hardwoaods, sizing the end-grain surfoces may
prove benefictal,  The size should be mads by di-
Inting the snme glue to be nsed in the final gluing
operation so that it contains ahout 50 percent maore
salvent than when prepared for gide-grain glning.
It i3 not necessary to allow the size eont to drey
completely belore final glung, In pluing sized
soarf joints with wrea rvesin or casein wlus, the
erlpe mintnre should eontain abont 10 pereent less
water than for side-grain gluing,

Withoot reinforeement of some type, glue joints
between end-groin and side-grain pieces connot
be velied upon whers strength requivensents arve
important. Suach joints arve commenly wuwde in
atveraft production, but whersver they are to be
subjected to considerable stress they ave rein-
foreed with covier blocks, plywood angles, or ply-
wooil pussels,

5ave Gheing anodifed awesd products, The
gluing of modified wood products, sueh ns resin-
impraguated  wood  (see. 381} heat-stabilized
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wood {see, 3.4), resin-impregnated and coms
pressed wood (sec. 3.42), resin-tmpregnated lom-
inated paper (sec. 3.5}, and acetylated wood {smec.
370}, involves several considerations in addition
to these deseribed for the gluing of normal wood.
Particular attention must be given to the prepara-
tion of surfaces and some consideration to the se-
lection of glues,

BATE0. Fampreg and heat-stabilized wood. Re-
sin-impregnated, uneompressad wood, such 1z im-
preg, can be readily glued with acceptable aireraft
ghes under the conditions described for the denser
aireraft species (see. 5.27).  Preliminary testz on
heat-stabilized wood indicate that it, likewise, can
be glued satisfactorily under conditions desoribed
for high-density species.  Thick laminations of
either type that do net deformm readily under
pressure should be carefully machined before glu-
ing to insuve smooth, true surfaces. Thin lam-
inations that connot he planed or otherwise ma-
chined should be machine sanded with No. 1-0 or
hand sanded with No. 340 garnet paper or its
equivalent before gluing,

52781, Comprey. Resin-impregnated com-
pressed wood products, such as compreg, are more
diffieult o glue than ave impreg produocts, and it
is essential to the preduction of high-quality glue
jeints that special precautions be talken in the prep-
aration of surfaces and selection of glues, At the
time of mannfacture, the surfaces of these prod-
nets are glazed and eonted with resin. Wood-
working glues do not adhere satisfactorily to such
glazed and resinous surfaces. The surfaces of thin
laminntions, which deform readily under pres-
sure, ean be brought to a satisfactory gluing condi-
tion by thorough hand or machine sanding, For
handl sanding, the equivalent of No. 2-0 garnet
and, for machine sancling, the equivalent of No, 24
or No. 1-0 garnet paper lave been found to give
good  vesults. Lominations thicker than one-
fourth ineh, which do not deform readily under
pressire, muost be surfaced on planers, jointers, or
metal milling machines to produce surfaces that
are true, smooth, and free from glaze. Variations
of more than 0003 ineh showld not eceur on the
surfaces. When heavy members of such modified
wood products ave glied together, as in propellar
mannfacture, the necessity of having uniform and
well-fitted surfaces caunct be oversmplasized.
Serrated side-grain joints have been nsed in glu-
ing Twavy compreg laminations,

208

In operations permitting their use, the high-
lemperalure-setting resin glues have been found
to grive satisfactory joints between compreg mem-
bers. The uze of these glues, however, i limited
tothin lnminations that can be gloed in hot presses
and o thick luninations glued by special processes
(sec. 5.264), Compreg-to-compreg joints ean like-
wizge be mode with intermediate-tamperatore
phencl-resin glues under the proper curving condi-
tions {sec. 5.265). For reom-temperature gloing,
the rescreimol and cold-setting weea resing have
been found to bond compreg members satisfactor-
ily and to be superior to casein gloe for this pur-
pose (H-11),

Lighter gloe spreads are permissible, but assem-
bly periods are abont the zame as these for normal
woodds, Pressures of 200 to 300 pounds per square
inch sheuld be used to insure adequate contact,
particulorly on thick laminations. Becaunse the
diffusion of meisture into compreg is slower than
into normal wood, it s advizsable to leave the ns-
samblieg under pressure longer than is recom-
mended for normal wood [(zec, 35,2507, In eontrast
tothe gluing of compreg laminations to each other,
the gluing of normal wood to compreg presents
fewer diffienlties, In making compreg-to-normal
wood jeints, the compreg shonld be earefolly ma-
chined or lightly sanded depending npon the
thickness of lnminations, Gloe spreads and as-
gemnbly periods should be normal, and the maxi
nm pressire permitted by the normal woed with-
ont erushing should be applied. The resorcino
and cold-setting uren vesing appear to be some-
what better adapted to the ghiing of normal wood
to eompreg than are the casein glues. Resin gloes,
which requive the applicstion of higher tempera-
ture to ellect their seiting, have been succesafully
nsed in aking normal wood-to-compreg glone
jointz,

s.ovee, Peprey., Papreg can be satisfactorily
glued te papreg and to wood with all acceptable
aivernft glues if precautions arve talen first to
lightly sand the surfaces of the papreg. This can
be aceomplished hy maching sanding with the
equivalent of No. 1-0 gornet or hand sanding with
No, 2-0 garpet paper, For the lignid hot-press
plues iu partionlar, the assambly peried shonld be
soinewhat Jonger than for weod in ovder that the
solvent may fully evaperate and blistering during
hot pressing may be avoided. Good goality jeints
betwaen papres and papreg and between papreg
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and normal wood hove bean made with pressures
of from 25 to 2530 pounds in the case of Lguid
glues meeting aiveraft specifications. The thick-
nesa of the members largely determines the pres-
sure required to insure pood contact, It hos been
difficult o obtain good bonds in nail gluing of
papreg to normal wood because of the formation
of & bur when the nail pagses throngh the papreg,
which appesrs to prevent good gluing contact.
Preboring of nail heles may be necessary to obtain
satisfactory bonding of papreg by nail gluing.

52728, Acetylated wepd, In preliminary glu-
ing studies made on acetylated wood veneers, snc-
cessful bonding was ohtained with room-tempera-
ture-setting vesoreinol adhesives under normal
gluing conditions,  When het-setting phenol film
nrlhesive was vged undar normal procedures, how-
aver, the joints were not of good quality.

5.28, CoxprmoNmye Guoes Sroce.  Cold gluing
operations add moisture to the wood in varying
percentages (tables 5-11}. Glue that has set in
jointz containg only o port of the water added at
the time of mixing, the remainder having lLeen
absprbed by the wood or removed by evaporation.
The absorbed meisture must be allowed to dey out
or to distribute itsalf throngh the wood in order
to ingurs the full strength of the joint and to re-
diree the tendeney of the glued member to warp.

In gluwing thiclk laminations, the meistnre from
the glue need not be eliminated but may simply be
allowed to distribute itself thronghont the con-
struction. Complete equalization wonld vegquive a
very long time,  For bloek waluot and white salk
in laminations about three-foorths ineh thick, and
under average room temperatures, a conditicning
period of Tto 10 days is sufficient,  For woods that
permit o more vapid distribution of moistore, such
03 spruee, 4 8- to S-day peried shonld suffice nnder
most eonditions,  Specification AN-G-20a ro.
auites o conditioning period of not less than 48
hours at 120% F, with the furiher provision that
for every degres drop in temperature below 1207
F. the conditioning peried shall be extended by
4 hours. Where heavy constructions are glued
from laminntions one-eighth inch or less in thick-
nees, however, they will normally contain teo much
molsture after gluing and should be dried for 1
to & weeks o longer, depending npon theiv thicl-
ness and width and the conditions of deying,

The dvying of plywood panels and gther thin
structures after they have been olned with room-

tempernbore-setbing aloes is o prablam in which
gimplicity of control and operation are important.
Although sueh panels can be dried soccessfully
nndler widely varying conditions of terperatore
and humidity, the effect of the deying sehedole
wpon the jomt strength may well be congidered.
Tt haa heen found possible to dry panel stock satis-
factorily at a constant temperature and a constant
humidity corresponding to o moistare content
ahbont 2 percent below that which the panels are
to reach. Thns, if the ponels ave to come cdown
to 10 percent, o humidity eorvesponding to about
8 percent motsture content would be vsed {table
G-2y. The time vequived may range from o few
hours with thin materinl to 2 to & days with thick-
panel material. At o temperature of 120° F, the
humidity corresponding to 8 percent moisture con-
tent is about 50 percent. A lemperatore of 120°
F. anad a humidity of 50 pereent will dry o pansl
one-half inch thick to 10 percent moisture content
evernight, and noe pavticnlar domage will result
if the stock iz left in the kiln appreciably longer
since the deying rate below the desired 10 percent
will be increasingly slow,

Talble 5-16 chows several combinations of fem-
perature and relative humidities with which a
muoistie content of 8 to 12 percent may be obtained
in freshly glued plywood within o reasonalle die-
ing period, when stickered to obtain free cirenla-
tion of air.

Tolie =18, Combinalions of Temperatices and Relulive
Humiditiss Sudlabie far Drafng Cold-FPressid Plyseood ond
Assemlivs fo Variowe Desired Moielion Comdend Vol

! Toekazlve Tnmhd bies for use with the

A nistane pnpwt | brurferatiies nilivaged |
izl | [ peroead) - .
| ae 7. e F, 14 F, IE F. i
e — | -
| | |
| | Ferwd | Pereewt | Pergen | Fereent |

| ] I - - 1) 41
1 [ 26 | 48 | o0 | 38 |

12 | B3 ] Gl i1

| ! i

¢ Relailve humtidites ol bemgortunes gl ven porss sl 10 6 cguilibem
mHEtare edibairt aboat T pereent belew Lhat whiols the pescls aoe Lo resh,

5,281, Hotpressed  plywsad. Plywood  and
other members ghned on hot presges commonly have
giuly & or & percent moislure content when removed
from the press.  Bucl materinl shonld be condi-
tigned to# to 19 pereent before it 5 asseubled nto
aiveraft parts and stroetuves.  This may be done
in conditioning reoms in which a relative humid-
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ity is maintained that s approximately equal to
e glightly in excess of that corresponding to the
degired moistore content,  Another method 15 (o
apply sulliclent water to the hot-pressed pansls to
brving them to the vequived wmoistore content and
then to stack them solidly, allowing the moisture
to equalize throughout. Carve should be nsed to
apply only sufficient water to heing the panels to
the desired moisture content.  The coviect wmount
of water can be readily enleulated alter determmin-
ing the moture content and weight of the dey
panels, The moisture is conveniently applied by
pasging the panels hetween water-covered rolls,
gnch as in o gloe spreader o by spraying. Dy
weighing o number of punels bafore and after the
application of the water, the amount and uni-
formity of the application ean be checked, The
time vequired for equalizotion in the solid piles
again varies with the thiclmess of the individoal
panels.  While the panels are nanally wavm when
the water i= applied, & civenmstance that aids
equalizntion, the ghie lines, eapecially of syuthetic.
vesin glues, retard diffusion, Conditioning
peviods for plywoods of different thickness and
ormber of plies shonld be based o netnal moistive-
content determinations of both the interiov and
pxterior plies,

0282, Conditioning bag-molded plyweood. The
maoisture content of plywood and other structures
produced by roost bagmelding methods iz not
changed grently duving gluing, unless there is a
leale in the bag,  Conssquently, veneer and other
parts that are assembled dry and kept dey during
ghiing need to be conditioned for only o few loors
to bring about an approximate equilibeinm mois-
tire content, In esse of o leak in the bag, how-
ever, the malded structore may hoave o high ncis-
ture eontent and reguive eareful deying fora longer
periedl. The drying conditions shown in table
5-15 ave considered satizfactory for most melded
products.

620, Grurrg REFErmyees,

{3=11} Ercxxen, HEwent W,
1942, Thee Gleing Chasacseriztics of Fiftess Spe-
aivg af Wood itk Oald-agiting, Teow-
regite Gloes, Forest Productz Labora-

tory Report Mo, 1342,
{511} —r
LHE Oluing of Thie Cowpreg, Forest Prod-
uets Laloralery Rogare Ma, 1344,
(0=121 B, G M,
1060, Effocticencss of Wolsfere-cooiuding Cowd-
inga ou Wosd, UL 8, Dopt. Apr, Cir. No.
128
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i0-131 KaurerT, I H,
1, Preolinifuary Beperfments o Foprose ive
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5.3. Boug-Molded Plyweood and Structures

5450, Gevenat,  The molding of plywood by
means of {nid presure applied deough flexible
bogs or blankels of some impermeabls material
[{bag-molding) has foond application i the mak-
ing of aivplane parts of varions degrees of corva-
tire,  Insize, these parts may vary from a faiving
for o tail wheel to a half foselage complete with
Iilkhead rings, They inelude all eombinations
of aingle and compound  curvatore, oylindes,
pavaboloids, portions of a sphere—in short, any
crpved pece for wlhieh o meld can be made nwd
later separated from the finished prodoct,

Pyg-molded poarts, soch as foseloges, wing &l-
leta, il fairings, are reported to offer Impeored
performanee characteristios ag o resalt of the -
peviority of the stiffness-weight ratio of maolded
plywood to that of voetal, and the amooth eipple
andl pivel-free surfaces presented tothe air stroam
(R, 5-25).
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Pigare §-85. Near gectitin of ongive corcling of wmolded plycood.  Nefn ampotk plincos! ssrfote @a cordrasted

awidh riveled pedal ey arnd fuselage sl

B molding of plywood and laminated veneer
memnbers probably had its origin m the vacuum-
bag process that was inteodoeed in the furniture
industry severnl veara ago {4, fig. 5-26). While
the vacnum-bog process depended wpon abimos-
[Hheric pressuve wnd ovdinavily only room tem)=ra-
ture to set the glue between the plies, the nawer
techniques employ higher fud pressoves and vary-
g degreez of heat,

Misnomera, ageh as “plastic plywood”  and
Uplastie planes,” hove Deen applied to stvactures
of melded plywood thet are actually made from
wond botuled with svothetic vesin adhesive, By
weight, these structurves are probobly sbout &0
peveent wond and 20-pereent. resin adhesive. Ex-
eept for variations in shape, the product 15 essen-
tially the snme as flat-press plywosd,

081 Meruwops o Dag Moporsa,  3Molded ply-
wood 1= produced by several techinignes which are

often veferred to specifically, such as the Trura-
meld, Vidal, Aeroneld, or vacunn-bog processes,
Other terms sometimes used in desevibing the
techiigue ave “bag molding,” “autoelnve molding,”
or Stank moliling,”  Perhaps the most inclusive
15 the term “fuid-pressure melding” Five zen-
eral methods are 2hown In figore 5-20

The fandomental procedures is the sane for
all processes i commen use. In principls the
teehnique consists of attaching femporavily by
staples, tape, clips, or some other metns, soper-
imposed layers of strips or sheets of gloe-conted
veneers to a meld of the desived shape, and mold-
ing these into n unit structore by the application
of heat and Aaicd pressace through o lexible, -
prevmenlle bog o blanket.  All the proresses are
relatively simple and provide o means by which
plywood of simple or compound curvature, ad
of eongtant or vorying thickness, in any arvange-

2n
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Pigura 526, Five mefhods of formibieg Dog-tiolded plywodd.

ment of plies ean be produeced. Nuturally, flag
plywood can also be mode by bag molding, but
due to the eritieal bag materials required in most
operations, it is recommended that the technigue
be limited to the production of strategie molded
parts that can be manufectured by no other prae-
tieal means. In general, parts that fall in this
category will have one or more of the following
charncteriaties:  Apprecioble eompound  curva-
tures; variable thickness; single curvature bends
spproximating or eXxeesding 180° when pleces are
too thick to be steamn bent from flut plywood;

22

parts tog large to he mode practicably by mating
dies; quantity too small to justify mating dies

.32, Eomrarest ron Bag Mornixe.

bt Molds, The forming of puy piece of bag-
molded plywood requires o mold of some type.
Molds, sometimes called forms, dies, or mandrels,
are broadly classifed s male or female, Male
molda o illustrated in A, B, and &, figure 5-26,
are the desired shape on convex surfaces, while
female molds (0 and K, fig. 5-26) have the proper
ahape on concave surfaces

Ciomunen mold moterials are wood (solid or ply-



Downloaded from http://www.everyspec.com

wooid ], metal (steel, cast iron, or low-temperature
alloys), plastic materials, and eements, The
choice of mold materials will depend largely on
the shape of the item to be molded, the quantity
desired, and the availability, advantages, and dis-
advantages of the materinls considersd,

AR, Wood mofds. Wood melds are com-
monly made of lumber of softwoods sach as west-
ern white pine or sngar pine, cut approximately Lo
the contour of the meld and glned and nailed to-
gether. The rongh shape, usnally not more than
6 inches thick at any point, is then marked into
stationz—a procedure very similar to that nsed in
defining the shape of o bont—and worked down
by plane and sander to the desived shope minns
an allowanee for a hardwood skin, This hard-
wood slin {often of birch veneer) is bonded di-
veetly to the mold by bag molding and is later
worked carefnlly down to the exact comtour at
each station, Aftention is miven to the direction
of the grain in both the skin ond the meld proper
a0 that the muximum cross-banding effect is se-
euved,

Wood molds are distorted somewhat by moisture
and heat, A leaky bag is particuladly damaging
to w wood mold and usually mmins the piece being
molded, a3 well.  Overheating the mold will also
hasten the distortion and necessitate early recon-
teuring or other vepair. Much of this distortion
and cracking is consed by exposing the hot surface
of the mold to the air after the removal of the
molded piece from its surface. DBy eooling the
mold while in e bog this rapid surfaes drying
can be eliminated.  Cooling ean be done by a cold
water spray system in the evlinder or in o special
copling booth mstalled near the cylinder,

Plywood molded on thick wood molds heats
more dlowly than the same thickness and construe-
tion on thin steel molds. The time required to
mold the piece, therefore, is about twice ag long
as for the smne construction on a thin steel mold.

A variation of the wood meld construetion that
may be referred to az a “plywoeod-shell mold™ is
sometimes nsed on shapes snch as that of a large
nacelle. These molds! qre produced on o mazter
mold of the usual erogs-banded lomber. The shell
mald itself iz similar to the fnizhed molded ply-
wood article, only mueh thicloer {35 to 134 inehes)
depending npom its size and the degres of curva-

£ A potent apglieation ow the detalls of one type of plyooesd

whill mo#l s teporcted te Bavs been made by John 8. Barmes,
Simnentelas, ¥, ¥,

ture, The faee venesrs of theze molds are some-
times imprignated with resin which is cured at the
time of bonding.

Another construction that should produce a
more stable mold involves the wse of thick, resin-
bonded plywood instead of solid wood stoel in the
body of the mold, with an inpregnated skin of
veneer bonded to the plywood base.  The plywood
shonld be laid so that its shrinking and swelling
in thiclness will introduce the lepst 2erious dimen-
gioninl changes in the meld.

Wood molids are almest always male in shape,
which necessitates fastening the strips of venesr
to the mold to hold them in place.  This is readily
done by means of staples or tacks that must later
b removad,

Wond molds are wall adapted to the formation
of o molded plywood skin and its bonding to stiff-
eners or bullthead rings in a single operation.  In
this process the ribs are preformed by laminating
or steuming to exact shape’  They wre inserted in
previously ent slots in the face of the mold befos
the veneer strips are tacked in place. The fit of
the ribs in these slots is important.  If the slot is
too deep, the finished molded part will slow a
depression at this point and the glue bond between
the skin and the vib may be questionable.  If the
glot is too shallow, the ¥ib will project beyond the
aurface of the mold and a bulge will be produced
in the shin.

5.320L Metol selds. Metal melds ave nanally
made of steel eheet or cast iron.  Alloys having
o melting points are also reported to be in lim-
ited uge, Molds of single or very shght double
curvature are made of sheet material one-tenth fo
one-fourth inch thick, while those of severe donbla
curvature, such as for o propeller spinner, ace cast,
In most cases, metal molds are of the female type
in which the strips of veneer are taped together
or sprung in place between metal clips, ns illus-
trated in fignee 5-27, thes eliminating the neces-
sily of a tacking surface to which material can be
atnpled.

Metal maolds, particularly those of sheet metal,
hove the advantege of very rapid heat transfer,
The rate of tenperature rise in 2 molded plywood
Priece an a thin metal mold approaches that of ply-
wond of the zame thickuess in o hot press (table
G-14). The time in the pressure eylinder, there-
fore, can be approximated from the hot-press in-

TIe k= regarted that applicafbase: for patente hove been made
ol detnils of 2 similor prozess by the Vidal Resennch Corpocoiion

213
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Fignve 5-27—2pedion throwgh fewile matal mald iBuatrating cdpe for holding penser fleips ir place,

struetions fer the particnlar glue being used by
adding the pressivg times given in table 5-14 to
the time reuired to bring the pressure cylinder up
to operating temperature. Heavy cast metal
moldz heat move slowly than shest metal molds
bt the hent transfer will probally be mere rapid
than for wood. The rapidity of heating for any
kind of mold depends largely on the heating
medinm {see, 5544,

Metal molds ave very stable bil these which nre
st must bemachined which males them expensive
and often diffionlt to obtain,

Moldls in continnons uss may require conling
before they can be used fou the next lay-up,  This
is particularly true of small metal molds of con-
sidlerable thickness, nnd on this type conling iz
usually done with ecold woter. Large molded
pieces require a longer time for removal ; therefore
the mold may be sofficiently cooled befora it is
again ready for use,

58202, dencvgts molds.  If o conerete mold iz
wsed, o woen] Torm mnst Rrst be made G0 cast the
conerete section,  Adter this is done it is some-
times necessary to bond to the eoncrete & tacling
surface of wood or possibly some sther snitable
material, Conerete molds have the sdvantnge of
being stable toward molstore, bt are exeessively
Lieavy and eumbersome to handle and ave domaged
somewlint by heat.

BA200, Resine,  Some atbempts hove been made
to nse cnsting wesing aud other materinls which
can be ponced, in mold constrietion, bt to date

214

these materials hove been nsed mostly X PHeTi-
mentally and linve proved practicable in relatively
faw cases. .

&.321, Bags or Flankets,  The purpose of the bag
is to provide a fexible impervious barvier between
the fluid nnder pressure and the mold. The piecs
being molded 1= pressed between thiz fexible hag
and the rigid surface of the mold and tha full fuid
presswe iz applied at right angles to the surface
of the bag regordless of the shape.  The pressare
at certain glue joints may he slightly less thon the
full fluid pressure by the ameount necessary to
shape the veneer or to force it into place.

Doz are classified as full bags or half bage
(blankers). A full bag 35 2 complete envelops
af impervions flexible material (4 and &, fig
6-26}), elamped shut at one end or side and having
n connection, wsnally ealled a bleeder, to allow the
entrapped air to eseape to the atmosphere. Tt may
be completely elosed, similar in principls to a bas-
leetball Bladder {8 and £ g, 52060, having only
a fnbe comnection for inflation. A half bog, or
blanket, i3 a sheet which normally fils the molil
without wrinkling and ig sealed by some tem-
povery means to the edges of the mold (F, fig.
G-26).  The bleeder moy be attached to the mold
o to the bag,  Full bags are normally nsed over
male molds and helf bogs are veed on female
mrolds.

Beonuse half bags do not support the weight of
the mold, abrasive wearis less and theiv hfe greater
than that of full begs.  The nse of fitted halT bags
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i& advised where production s high and they can
be tightly sealed to the mold,

The usaful life of a bag depands on the type of
material need i the bag, the heating mediom used,
the temperatiuve of the cycle, the size of the bag,
and the care used i handhing. It may be as short

as 10 howrs or o8 long as 200 hours of operation. -

The type of bag to use and the material from
which it is made depend lorgely on the molding
process to be nsed, the tooperatore, and the heat-
ing nedivm.  Moat bag-molding operations at
present requive bags made of specially com-
pounded natural or synthetic rubber, often rein-
forced with fabrie.

In tests at the Forest Prodocts Laboratory cer-
tamn polyvinylidens chlodde, viny] butyeal resin,
and cellophane films have shown considerable
promize a5 bag materinls. Their chameteristics
and use Himitations pre shown in tabla 5-146.

Half bags of cellophane® have been snecess-
fully used with o hot-nir cycle on thin plywood
shell molds.  Joints between the cellophane sheets
can gither be made with cellophane tape on regu-
lar cellophane, o by overlapping the edges and
applying a hot ivon if the sheet muterial is of
the self-senling type.  Several auggested methods
for sealing cellophane bags ave shown in fignre
325, The life of o cellophane bag is linited to
one aperation.

The vse of short-lived bag materials necess-

Fan npplication fog a patest on the uso of edllegphnnn bazs is
reported o liave e qagde by Jolis 5, Tiarees, Sooom oo, W T

-t

AT REC OIS AT D

tntes the frequent attachment of bleeder fittings.
Figure 5-20 illngtrates a convenient metal bleeder
fitting that has heen used satisfactovily with sub-
stitute bay materials

Present information indicates that, in ordinary
use on 4 stemm-wpir cyele at temperatores of aboot
2307 I, the life of a tubber bag is approximately
50 operations on a full infitted bog, Repair of
miner leaks, usually caused by rongh handling,
may be ngeessary during this period. The use of
hot water or pure steam reduces oxidation and
ereatly increases the life of a bag.,  With a thiek,
fitted, holf-bag pssembly, considerably more than
104 operations may be expected in steam af 3007 F,

Whenever a stenme-air wixtave is vsed and the
air s introdueed under presaure from o eom-
preszor, an adequote after-cooler and aie filiere
shonld be matalled between the compressor and
the cylinder. It has been veported that if all
traees of oil, either i the form of emall drops
or of vapor, are removed fromn the aiv, the o
lifer 15 comsiderably inerensad.

Testa at the Forest Produets Laborstory have
indieated that synthetie rubber bags ave mene-
ol oo resistant to heat, hotl diy and wet, than
natural vubber.  In these tests plso, oo2tepm-air
mixture at 250° ¥, was found more damaging to
all bag waterialz of rubber or syothetic rubber
than pure steam at 300% F. or even 320° F. - Whare
conditions permit o choioe between these two heot-
ing medinme, it 13 advisable to vse pure steam
af 2007 T7, (62 pouds per square inch) to gain

f‘_f_ﬁ
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Figre §-28  Swopestions for sealing cellophaas bags.
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OUTLET
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Flgure §-22, Mate? biceder cotnection deslgned for rapid cllackment do baga.

the advantage of s longer bag life and a shorter
heating eycle.

Normal rubbir bag thicknesses nve betweaen one-
thirty-secomd and  ene-eighth  ineh, depending
wpon the pmonnt of reinforeing, the severity of
handling, and the type of bag molding, The thin-
nest bag capnble of withstanding the handling
and mechanieal wenr i= recomnmended. A thin
bagr has several advantages: probably moeat im-
portant iz its more vapid heat transfer. By using

thin bags, more molded plywood i8 turmed out per
pound of bag, provided the bag is strong enongh
to withstand the handling, When thin bags are
uaed, wrinkles in the bag are less likely to leave
thair marks on the bag side of the piece being
molided. This is important with thin venesrs,
gince a thick bag could eaz1ly produce an area of
poor glue joint, as much as one-fourth inch wide
aud several inches long, as a result of reduced
pressure under o fold, A practiesl guide, when-

nr
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ever bag wrinkles are likely to oeenr, is to nge a
bug slightly thinner than the face veneer,

In all bag molding it iz advisable fo use a Inyer
o two of paper, cloth, or ecanves between the
plywood hetng molded and the bag,  This facili-
tates the “bleeding™ of air and steam to the oniside,
It also prevents adberence of the giue aqueese-ont
to the bag, Tt iz advisable to cover any sharp
cortiers ot the edges of the maolded plywood piece
with extrn Invers of convas to prevent injury to
the g,

Whensrer a rubber bleeder hinse is used, as in €
o B, feore 6-26, it et nob collapse and elose
when external pressnve is exerted wpon it during
the molding eycle, 1f it is Lo fulfill it3 purpese,
Collapse 1= diffienlt to obsarve doe to the fact
that, while the tobe i eollapsed, it is within the
exlinder and not wisible unless the eviinder has a
alazs observation window, Ewisgon of o shght
pmount of air or sterm from the bleeder does
nol guarantes fhat it s fonetioning properly. A
flexible metal hose ar o suitably peinfireed robbar
hose is recoinmended for the bleeder whevever
this type of hose gives the necessury flexibility,

In uzing the methods shown in A and O fgure
G20, cnveful attention shonld be siven the ipside
snface of the Blesler ftting i 1he bag, 1T this
iz very smocth and Hat, it may make an abmnost
airtight fit and stap the blseder from funetioning,
Grooves in this fitting as shown in Genre S-09
or & prece of coarse bovlap gload to i, will neually
enellive,

5522, Pregusve and foseperatere aguipament,  All
pressure eylinders for uwwe with bag molding
should be loadeawlically tested to o pressore of
at least donble the maximoun working pressore
used, An adequate safety valve should alwaeys
be installed if the boiler or compressor pressire
i in excess of the pressure at which the eylinder
was fested.

The sensitive alamenta ploeed within the pres.
suve eylinder for controlling and recording eonili-
tions  shonld be eavefully  installed. Feavily
jacketed controls will be sluggish and thevefore
will not recerd the actual cyvlinder temperatire
during the rapid henting-up peviod. A jacketsad
thermometer was foumd in experiments at the
Forest Products Labovatory to be about 20 g0 307
F. below the reading on a bave thermoconple in
heating a cyelinder 2 feet i dizmeter and & feot
long to 360° F. in 5 minotes, using a stenm-aiy
mixture,

218

Tf temperature stratificetion exists in the eyl-
inder, o temperoture-tecording balb at the top
of the eylinder muy be 5307 I ov wore shove the
actunl temperatnre ot the bottom of the oylinder;
provigion for civentation should therefore always
be made if possible. A good check on uniformity
of temperaturve may be had by mservting bave
thermoenaples in the top and bettom of the
cvlinder,

A large inlet for the Deating mediom is ad-
visnble, s0 that the eylinder can be brought ap
to the desired temperatire and pressure m 3
minntes ot lesz,  [Tsuelly this vapid heating iz
pcdvizable, which en lurge eylindevs will mean
high boiler and compressor capacity.

5.08. Groes ror Bas Moweie, A list of e
rent synthetic-resin gloes with a tabulation of
theiv principel chaencteristies, ns velated to nee
requirements, i3 given in table 4-1, Thosa that
brve becn veported in sueeesstol nee and that have
been uzed satisfactorily in limited bag-molding
experiments gl the Forest Praducts Laboratory,
with proper adjustment of heating evele and other
apmrating conditions, nve indiented by a footnota
veference.  In selecting o gloe and wsing at in
bag-moliling operationg, however, cloze conpera-
tion ia urged betwesn the user and the glue sop-
plier to insnre best resnlte. The selection of mlnes
foor g molding aiveraft pavts 1= limited by the
veiquivements of the cwrrent piveraft apecifiea.
tion en mnlded plywood,

Parves o which bog molding is beat edapled ave
either lurge ov of severe double curvature or baoth
sl along period (varving perhaps foom 1 ta over
10 howrs) is vegoivel to wdjost the svips of e
werr i placs on or i the wold, Dweing this pe-
rioel. o skl amonnt of hued Blting with o ploe
o spndpiper block is neually necessavy.  hess
ronditions reguive the wse of o glue that 18 dry
at the tine of sesemwbling and that permits w Tong
pesembly period, A satisfactory bagonolding
e shondd have an allowable assenbly peaied
of at least 50 hovrs to be adapted to ng-mnalding
operations in general,

Tt has been suggested previonsly chat the eyl
inder temperature and pressure be browght up to
operating conditions in & ominutes or less (sec
5322}, but in sorme eases, particularly ohere large
eviinders are wsed, thiz s impoasible to aceo-
plish with the available beiler sl compressor
cupacity.  Tnder such conditions theve is danger
with some glues of precuring the outer glue lines

]
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befove sufficient jressure ie applied, The relation
bistween the charmeteristics of the glue and the
rate of pressure and temperature rise is critical
and should be expmined carefully.

It is desirable in all bag molding of double-
cuevature parts with thermoselling gloes to use
a glue that passes through the fluid stage mela-
tively slowly and while in this stage has a high
degree of flow. This produess the effect of o lub-
cont between the ndjacent plies of veneer and al-
lows them to slip to their proper place, thus often
avoiding wrinkles, Most of the glues in table
41 that are designated as bag-molding glues have
thi= property. Additional information on the
slipping properties of these glues is givem in
reference 5-27 of section 5.35.

In addition o the characiersitics described
above, it is important that glues for bag molding,
in eommon with other aireraft uses, remain dar-
able under service conditions.  The properties of
various types of glues hove been deseribed under
section 4.1, The phenolics and certain modified
phenolics, fortified ureas, and thermoplastics mees
bag-molding vequirements rveasonably well but
vary in their resistance to severe exposure condi-
tions, Current thermeplastic glues, which are
otherwise well adapted to bag-molding processes,
give evidence of slow flow at elevated tempern-
tures, sueh as 150% to 160° F, and should not be
used in aiveraft parts.  They ave, however, often
used in experimental work, particnlarly on the
first few pieces and made on o mold having curva-
fures lileely to cauze trouble.  They have a Ligh
degree of flow when plasticized by the heat in
the molding oycle and if a weinkle is formed in
the molded part it can often be removed by a
subsequent reheating.

544, Bao-Monorxg Tecnxgor,

B0, Size, shape, thickness, efe.  In applying
bog-molding technique it 15 necessury to study
carefully the piece to be produced. This means
a considerntion of curvatures, the approximate
thickness and nwober of plies, species, and ar-
eangement of alternate plies. The corvatore of
the piece may determine the thickness of the ve-
neers that can be used. Table 5-17 will serve as
a guide to the approximate relation between the
thickness of veneer and the minimmn radins of
curvature considersd practical in bag molding.
These ratios are only sugoested minimums; the
actual permissible minimums will vory with the
species, the meoisture content of the veneer, and

DAIET4—0]——=15

the method of venesr cutting. The method of
holding the veneer in place on the mold is usually
the determining factor; therefore, it will be noted
that the suggested ratios are well gbove those at
which the veneer may be expectsd to brenl
Bireaking radii are discussed in seetion 66250,

Talfe J=17,  Approrimate MWisdmwo Bobio of Radiuvs of
Corvature o Thickress af Dy Peteer for Bag Melding
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5,841, Nodsture condent. A motsture content of
& to 12 pervent in veneer nsed for bag molding
is favorable and within this range any varialions
depend mainly on the gloe being used,  Varvintion
in moisture eoutent between the venesr ghests in
any one assembly should not, however, excesd 2
perceni, Change in moisture content during
manufacture is eften serious, sinee the wveiser
gtrips are cut to exact shape,  If the width of the
strips chamges in the period between shaping and
assembly considerable land ftting will be pe-
quired,  The impertance of dimensional stability
depends on the shape and size of the molded part,
but in extreme cases on larger part some plants
have found it advisable to control the relative
lumidity within =2 pereent in the lay-np reom
and the roomns where venser is stored. On other
smaller parts or on parts made from narow strips
of veneer, no control of moisture content, other
thivn that reguived for the gloe, iz attempled.

The bag-molding operation does not greatly
change the moisture content of the veweer, nnless
leaks develop in the bag. Tests on small, fat
pieces indicate that the moisture loss during moeld-
ing ig les with wood molds than with metal
meldzs, It is also less in both types of molds when
no vacuum 15 maimtained on the bag, Prelimi-
nary tests mode on plywend melded in bags of
suitable grades of cellophane indieate little or no
change in moistore content of the veneer during
the molding oyele. In all the tests, the moisture
logs was considerably less in bag molding than in
het-press operations on the same combination of
gpecies and glue,
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5842, Adgzembling the vencer. The degres of
double curvature will determnine the widih of the
individual strips of veneer. Naturally it is more
economical of labor to use o few wide strips in-
glend of many noarrow ones, in ovder to recduee the
number of neceseary shaping operations to a mini-
mum. U the other hand, if the strips ave too
wide, their adzes will wrinkle az the Qnid pressare
on the bag preses the flat strips against the
double-corved mold,  On double-curvature molds,
snch na requirved for fuselages or bomber noses, the
stripe nre usually between 2 and 8 inches wide.

The strips of veneer must be tapered or
“tadloved” very cavefully to fit the mold so that a
claze joint is ohtained between the adjacent strips
{fig, 5-a0). Todetermine the exact shape of each
atvip the first luy-up i crvefully done by hand
andl later disaszembled, each strip being mavked
to designate its position on the mold.  In produoe-
tion, this tailoving is vsually done by frst sawing
the stripe roughly to shape and then shaping them
exactly on a vertical spindle shaper, using ply-
woold oy metal templates, each accommedating o
glack of venesr strips approximately # inches high,

Sometimes the pieces are suwed to final slowpe
amd then ench edee is run lluung]: n gpecinl searf-
ing or feathering devies consisting of 1 small sand-
paper-limed deam and a hold-down,  The strips
are then sprend with glue and laid on the mold
so that the edmes overlap one-fourth to one-half
incly, depending apon the veneer thickness, As
the venesr strips ave assembled on the mold, they
must be fastened or held in place. Fastening of
vereer to metal molds is illusteated in Gzoee 527,
On wood molds this fustening is conveniently done
by means of staples or tacks. The fivst layer of
venerr ig stapled directly to the wood meld and,
as each suceessive laver is applied, the staples in
the preceding one are removed. By this procedoar:
the finiahed molded plece {fig. 551 hos no staples
in it since those in the outer layer are removed
sfter curing.

The same prineiples of balanced construction
that apply to flat plywond are ppplicable to molded
Plywood. For maxinuun vesistance to warping,
all plywoosd should be symmetrien]l about the
center plane of Lthickpess,  To this conection sym
metey involves species, nnmber of plies, thickness
of plies, and divection of grain. In theory. a sym-

210

metrically constructed panel with alternate plies
lnic at 90°, with respect Lo divection of grain,
wonld have maximum dimensional stability. In
practice, however, a constroction with nlternats
plies at 0 to Ench other ie often impossible in
pieces of pronsunced compound corvature.

&3E, Heating mediwma,  Teating medinms
current use are steam, stearn-nir miztures, waler,
and airv.

FPuore stenm ig often sed when high tempera-
tures ave desired.  Im this cyele an exhanst valve is
left partly open for o short period after the steam
valve is opened so that the vesidual air is expellid.

The steam-air mixture usually vequirves an oir
compressor in addition to o steam boiler.  Some
zo-called steam cyeles ave in effect steam-air eycles
s the cylinder is senled and chu:gﬁl with stenm
without discharging the mezidual air. Under thesa
conditions the pressure and temperatuore of the
charge will not agree with femperature-pressure
tubles for pure saturated stenm.

Thee vse of hot water vequires an auxiliary stor-
age tank in which the water is heated and to which
it iz retorned alter vse in the heating eyele,  This
tank is often mounted above the molling ey linder
s0 that the hot water can be introdoced rapidly
by mravity throngh o large pipe. It 2 retorned
by meuns of o centrifogal pomp.  The pressure
for the molding operation is applied by aje.

When air is used as a pressive and heating
rnedinm, heating is done by means of o steanm jacket
around the cylinder. Additional leal i= some-
times snpplied by steam coils within the eylinder
or possibly by electric strip hesters. Extreme
enntion should be exercised when nsing electric
heaters or any electric conpection, as the eombina-
tion of compressad hot air, combostible matecial,
nnd o glowing heater within a eylinder iz very
dangerons.

Each heating medinm has eertain proctical lim-
its of temperatnre,  An attempt hns been made
at the Forest Prodociz Laboratory to determine
these limits feom setual hesting tests in which
thermoconples were insected] in the evlinder and at
various depths Tnoa piece being molded on o wood
maold to record the vise in temperatire.  These
Timits as well a5 other practienl Bmitations of 11
cliffevent techuigues which have been or counld he
wsed in bug-molding plywood are presented in
talbale =18,

i
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wferring to falles 5-18,

nel gymthetic rubber give highest
on bog life with pure steam;
wles of eellaphane are usable for
g FPressure is too low for gen-
gluing below 260° F, {20 pounds
re inch at 260% F.} ; above 3207
iz dunger of overcuring the outer
it and bag deterioration is very

is move damaging Lo rabber than
ot woter; some grades of ceflo-
wusahle for one eyele.  Circula-
wold stratifieation is sormetimes
y especially below 240% T rapid
o of bag matevials occurs above

fife can be expected from hot
wle ns there ia very little oxida-
me gradles of eellophane are nanhie
eycle.  Open-storvage tank may
wlow 212° F. ¢ above 3007 F, purs
nordinarily be used to advantage
+ water must be kept under the
manre a3 15 required for steam,
ery slow cyele due to low specific

nir, Sevemty-five pounds per
teh i3 snggrested as maximum safe
» Precautions shonld be token to
1 vapor frem eompressor and
seharges from civenlating fan.
exide, nitvogen, or any other gns
il not support eombustion or af-
materials may be used. Do noet
15 there is danger of exothermic
or exphesion. '
abed, and unheated aiv iz used for
i thevefore bag stays relatively
oughout eycle,
iy except that inert gas iz recom-
to avoid donger of explosion in
park or a short eirenit in wiring

randed against work by means of
An adequate deain for eonden-
aquived at the lowest =pot in the

, excepl Lhit steain-air migture is
iee note 2,

wledd mold 18 used; bz inflated
wessure, therefore no drain con-
wecessary for bag,
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11, Saroe ns 10 exeept that mold is heated elec-
trically; inert gas is recommended for
safety, althongh air may be used in some
COERE,

Hot airv, hegides being o very poor heating
medinm, produces results very largely de-
pendent wpon the ameunt of circalation
in the oylinder. Tt is alzo difficuli to de-
terming separately the effect of radiation
from the hot-jacketed evlinder walls or
heater and the effect of convection, Thers
iz considerable interest of late, however,
in the use of air, for two rensons: first,
leaks developing in bags do not damage
the pieee and the mold, as is likely with
the steam or hot-water eyele; and, second,
i few of the bog materials suggested as
substitutes for rubber are nol steam er
hot-water proef but are hetter adapted
for use with nir 0 some Inert ras,

The use of nir under high pressure and tem-
perature conditions iz exceadingly dan-
geroug, and all known aafety precautions
and vegulations should be obasrved,  The
compressor shonld alwaye be equipped
with an adequate aftereooler and oil-
vapor filter, The lubricating oil in the
compressor should have a high flush point
g0 that o minimum of vapor is given ol
All precautions should be taken to alimi-
nate any sparks in a eylinder charged
with hot air containing seme ail vapaor,
as o dangerous explosion can result,

5844, Amownd of pressure. The pressures weed
in bag molding vary from a vacoum drawn on
the bag to o maximum of aboul 120 pounds gage
pressuee per square inch,  The bolk of the eue-
rvent bag molding is dene ot from 40 to 80 pounds
per square inch,  Vacuum alone produces {neuffi-
cient pressure for mest bag-molding operations
pid thevefore 13 not wecommends] for aiveraft
oo,

5345, Heating cyele.  The eelection of a proper
heating eycle to cure the zlue and bond the vener
into the finished molded part i3 complicated by
the fact that the synthetic resing do not have a
definite temperature at which polymerization, or
condensntion, oceurs, If a clearly defined fem-
perature were requived for the polymerization of
any one adhesive, the proper heating eyele conld
b ealoulatied (moking certain assomptions and
allowanees for end heating, moisture content of the

A Braintig branbor fraclere sicdded or o wood mold by somes of leging wp penscy sleigy,

Migure S=31,
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wood and mold, diffusivity of the bag materials,
ete.) at any desived bag temperature.  Polymeri-
zuLion of any synthetio resin of the thermosetting
type, however, is influenced by hoth temperature
und time of heating ; therefore, any calenlation of
the tempernture that exists at o given glue line
within o structure i3 divectly applicable anly when
the Lime-temperature conditions requirved Lo pro-
duee 1 good bond with the glue in use are known,

As an example, a phenolic-vesin film i ve-
ported to be completely cuved in about one-half
nuanute at 350° F. but vequives about 10 minutes af
276" F. This suggests the development of tem-
perature-time relationship Tactors for calenlating
the time required to cure completely each of the
common synthetic-resin glues (6-22), bot until
gome move satisfactory method is presented, the
heating eyele can only be determined empirically.
Table 4-1 dees, however, indicate the anggesated
evliinder temperature to use for best resnlts om
gome of the glues suitable for bag molding.

The rate of heating of the veneer assembly on
the mold also affects the length of the heating cyele
galected, A difference in the rate of heating on
thin metal molds as compared with thick wood
molids has been indicated (zec, 582007,

Maintaining uniform temperature in the eylin-
der throughout the cyele md aveiding stratificn-
tion of the heating medium by means of adequate
civenlation in the eylinder ave necessory Lo 2ecire
uniforin vates of heating,

Under any partienlar set of operating condi-
tions, an oweasional check of the actoal tempera-
fure at the coolest glue line throughout the heating
ayele is desirable. A satisfactory method of mal-
ing this checl is to use fine thermorouples, leads,
ond a potentiometer.  Copper and constantan leads
of No, 30 gage have been found satisfactory, and
they may be embedded in the molded paut withont
danger of injuring trimming equipment,

Approximate temperatnre checls have also been
made in some eases by the use of temperature-
sengitive croyons or paints, The final check, of
eonrse, 18 the ability of the glue jointz in the
finizhed produet te mest specifieation require
ments.

G820, dAn example of the bog melding of a spe-
eiffe produsf,  Assume that it is desired to bag
mald the wing fillets of o plane snch as shown in
outline form in A, figure 5-22.

Lockmg defimite information such as drawings
and specifications, certoin azznmptions will have

to be made.  This is probably an unstressed pact
and merely acts as a smooth, rounded fillet Dbe-
tween the Tuselnge and apper wing sarface to re
doce turbulence in the air fow, It will also be
assumed that the minimum radius of cuorvatore
is wheut 3 inches and that, when viewed from the
topy the line @ is approximately straight,

1) Use reguirements. Nonstressed — but
seufling, air notion, and weather resistance
demand at least 3%.-ineh thiclkness of
hardwood, Sugmested construction—
Lig-inch rotary-cut yellow birch faces,
Lig-inch rotory-cut yellow-poplar eore
lue will sprend on both sides of core
strvips only. Strips of venser laid at a
+45% and —45% angle with the junetion
between the fairing and the fuselnge.
For additiona]l abrasion vesistance (it
necessary) both faces may be precured
resin-impregnated hivch.

(2) Mefsture resisfance.  Bevere conditions,
uge  hot-press, phenolic-resin glue o,
equivalent as provided in enrvent specifi-
cubion covering molded plywood for aie-
craft ports.

(3) Dregrae of ewrevatore, Width of strips to
b determuined by trinl, Minimuwm radios

of mrvature is 3 inches, thos ?ﬁgﬂ = [, (4

meh probable maximum thiskness  of
veneer.  One thirty-second-inch yellow
birch and Yy-inch yellow-poplor ghould
b nicely,

(4] Themeld. Examination of the shape in
2, fure 532, veveals that of it 15 torned
upside down and its mate from the right
side placed beside it 80 that the lme e
on each coincides, the pair can be molded
in one operation as a single unit on g
saddle-shaped male mold (B, fr. 5527,
Lager the unit can be divided into two
s,

By this selection, the side next to the
mold, which will be the smoother side, is
the side later exposed to the air sream.

A womnd mold will be wsed, probably
built up of resin-bonded plywood Inid
flat and gloed together,  Afier shaping
the mold, an impregnated bivch skin of
three plies of 1g.-inch veneer will Te
bonded to it to provide o smooth tacking
surfuce,
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Fignre 5-32. Buggested mefhod of sielding wing glels.
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The method shovwn i O, fgnre 5-26,
will bie uged, as it is perhaps best suited to
this shape of mold.

iay Fhe bay, A full, reinfovesd synthetio-
rubber bag Va-ineh thicl will be used
over o wiapping of paper or cloth, The
b will not be formed, but will be gen-
erously lnrge, =0 that stretching is un-
necessary. A vacmnn will be deawn on
the bag after the maold i3 inseried, to
check for Jealis aud to inspect the folds in
the bagz. This vacinnn will be maintained
until the evlinder pressure is applied, to
avoid any shifting of the bag und reform-
ing of bag wrinkles. -

After the eylinder is sealed, nir pres-
sive of approximately-15 pounds per
square inch will be applied; then the
temperature and pressure will be adjusted
by the admission of pure steam and vent-
ing to obtain a temperature of 300° IF,
and o pressure of 52 pounds per Square
inch within o peried of 5 minutes oy lees,

(0) Heating opcfe. The mold iz small and
vontains no large fat spots, therefore the
temperalure vise at all poiots will be
gomewhat more papid than wsual,

Using a high-temperature phenolic
gloe and a eylinder temperatore of 5002
I, o satisfactory cure should be obtained
in a tolal of 16 minutes,

AT, Suggestions or bag-molding feofodgue.
One type of curved part, which requires special
altention in produetion, is the U-shaped cross see-
tion (fwo essentially flat and paralle]l sides cone-
nected by o curve of small rading).  Examples of
this shape arve the leading edges of wings and of
verticul stalilizers. When attempting to male
these U-shaped pleces on a male mold, wrinklas
often result at the peint of greatest curvature.
Regardlesz of how tightly the veneer is wreapped
by hand and attached to the mold, the fluid pres-
s will tend to press it more firmly to the mold,
Since flnid pressure i exerted af vight angles to
the surface, the total foree exervted on the sides is
greater than that exerved on the end.  The foree
on the end tending to overcome the frictional
resistance under the sides cavses a wrinkle to be
formed in the curved part.

Several special technigues have been developed

PE23T4—01——16

for eliminating thesa wrinkles, one® of which is
illustrated in fignee 5-33,  For simplicity, a singls
curved pices having parallel flat sides 8 inehes
leng conmected by a curve of 2-ineh radins iz il-
lustratl, Trinngulay strips 35-inch high are at-
tached to the meld about 2 inches beyond the end
of the pieca being molded,  The relation betwaen
these dimensions has been found to be important
in obtaining good results. A piece of heavy ean-
vas, o any other strong, flexible, nonelastic mate-
rial, iz tacked or otherwise attached to the mold
nt ol after being tightly wrapped avound the s
eembly, The whole sgsembly is then put in a
thin, veinforeed, full bag and presuve and heat
applied, as llustrated in @, fAgure 5-26. As the
fluid presauee is applied, the canvag puts addi-
tional foree on the curved portion and at the
same time prevents full fovee from being exerted
on the flat surfaces,  As full pressure is renched,
the convas has assumed the position shown in the
datted lines and full fuid pressure is then applied
to the fat surfaces, while the corved portion lias
full fuid pressure plus the additions]l pressure
fromn the tension in the canvas,

Removn] of mest if not all the staples attach-
ing the flat sides Lo the mold bafore pressing Taeili-
tates the slipping of these sides and it is veported
that, in some cazes, the nse of the triangular strip
is then unnecessary,

54470, Pubwlar mambers.  Tubolar members of
molded plywond ave ol diffieult to meld, al-
though here sgain only single curvature exisis,
The cross section of these parts may be eiveular,
elliptical, or any other closed shape. Figure 5-54
shows a short section of a cylindrical member such
as iz sometitmes nsed for air duets, These mem-
Lhevs have been bag mobded by several methods,
usnally invelving the use of accurnte metal malds,
The fandamental problem is the same in all;
numely, to seure a very close fit betwean the ve-
neer atyips or sheets and the mold. 11 this is net
nceomplished, the fluid pressuve will produce de-
fecta az it forces the veneer tightly agninst the
mold.

In tubular members, ns in compound-curvatnes
pieces, o +H45% pnd —25° angle of prain to axis
of curvature causes the least difficulty in assembly.,
A sheet of veneer in width 222 times the diameter
of the eylinder, wound helieally avowsd the mold

*T4 & reporded that & patent appfication on a pomewsat similar
techmique bes boan mods by the Vidal Rescareh Corp.
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Figare 503, A wmethod for molding U-2hoped secMons,

Figwee §-34. Shorl section of fabuwlecwoelded plyssond

go that the oppesite edges touch, will produce an Iy made between adjucent strips, On long eyl
angle of 45° between its edges and the axis.  Suc- imdlers it is neeessary te searf joint and glne the
cessive strips would in opposite rotation male s strips end to end to secure the required lengrth of
construction having o 907 angle between alternate material,

[ies.  Butt joints parallel to tle grain are usual- A commen method of maliing these cylindrical
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members is to wrap the strips around a thin metal
eylindrical mold, taping them in position. The
bag is also tubular but somewhat larger than the
meld =0 that it may be slipped over the assembly
and elamped to the mold near each end. The
bleeder may be attached to either the mold or the
bag,

The process iz sometimes reversed and the ve-
neera psgembled within the eylindrieal mold. In
thiz process the bag is inserted inside the mold
and influted to produce pressure, o process some-
what similar to B and 5, Agure 526,

If it is necessary to use the 0° to B0° assenbly
of veneers, the 00° material {grain avound the
bend) should be scarfed at the ends, In long
tubular members it may aleo be necessary to maloe
seart joints in the 0° material.

In all tubolar work the veneer sheets must be
very fat and plate redrvying bedore lnying-up is
often necessary.  Any cupping of veneer cansed
by glues containing water must be avoided ; theve-
fore, an alechol-soluble glue or a diy-cheet glue
is penerally used,

04T Beg leaks. Obvionsly, all precanticns
should be taken to wveid the socurrence of leals
in the bags used in bag molding,  In spite of this,
leaks will occasionally occur on acconnt of the
natural deteviovation of the bag material, How
long a bag can be used befors it must be discarded
is o question that can only be answered by bal-
aneing the cost of vepoivivg leaks anc the value
of molded parts vuined by the leaks against the
eost of p new bag.  As an aid in arriving at the
answer, it is sngrested that o vecord be kept of the
performance of each bag or type of bag, A sum-
mary of these records will indicate the optimam
point at which the bag shonld be discarded, and
will alse show which type of bag iz giving the best
service,

Conditions other than material deterioration
that canze early bag failure arve, in nenrly all
cases, traceable to Improper handling, The ae-
tunl lealk i= usunlly caused by nnyone of the fol-
lowing nnd may be aceelarated by slight deteriova
tion of the material :

1. Tear due to vough handling.

2, Hole from abragsion due to sliding of a
hepvy mold on the bag,

4, Buptave of bag from concentrated load,

4. Rupture of bog by fluid pressure over un.
supported area,

6. Tear consed by shrinkaee of minforcing
fabric due in turn to seepage of water
throngh cuter coating of rubber, pllowing
fabric fo mel wet.

. Improper sealing of the bhag,

Bome bag leaks develop during the hesting
eycle, and when the leak oveurs aftar the
glue his set the molded pavt may often be
salvaged. Tt chould, however, be care-
fully inspected to determine whether the
ghue bond iz satisfactory, Parta which
nre only partinlly wet are sonetimes thor-
onghly soaked pnd dried to remove local
distortions.  This treatment also revenks
the presence of poor gloe bonds

Any bag that has shown evidence of leaks
should immedintely be removed from pro-
duction and examined. This is often
done by inflating the bag and painting it
with a soap solution. The leak will be
revealed by bubbling of the soap flm.

#.85, Bag-soroen Prewoon Bereeesces,
(520 AFONTMOUE
14 Hoar fo Appiy Bapld, Large Scale Produs
tiom Teclndgue fo Moking Wolded Ply-
apnndd Facl Tanks,  Wood Prod, 49 {12):
18-21, 47, ilps,
(0=23)

10828, Maliing Mastle Plpecood.  Mod, Plastics
A0 (11)p ¢ 464D, 112, 114, 116 ilus,
(.1 p—
12, Melged Aiveraflt DUnils: Uee of Rogis-
Haomadend Plyecomd @8 o Steoctyvel Mote-
wiedy A Barvey of FPeogrege  Alperalt
Proad, 4 (4] 212-315, il
{=25) ———
MR, Moebfed Plywosd  Addverasit Componants,
Timber aof Conmda 3 (107 : 15, S5-89,
HHTTTS
{328} ——,
1945, Phyneaod  Bomb-Doer Bléns: Sguipmont
gt Pracefire for Prodsoiog  Waoalded
Cuits of Compeiind Cervafure, Aicersdt
Prod. T {78) 910, illus.
1527

LR, Mol Bosmber Tewiiver Floge: The
Fadpelifd AT-2¢ Tioin-Bugine Mong-
platee il with the Devemodd Proces,
Woad Prod. 50 (15 @ 18-19, illus.

(H-28) Danwes, JoEN H,

10dR, Making Flyeood TR Wellidireotionad
Pyogaurve.  Mech. Engin, 43 (1) 3 17-20,
itlns.

{5-Z20) Brrarr, A. I

1ME The Rowding of Tevs Fiin Glue dn Pip-
wond.,  Forest Produets Hessarch Lab-
oritory. Unmunbered Pemphlet,  {Loo
dom, ) :

19



Downloaded from http://www.everyspec.com

{500} Crase, HemnEnr.
1043, Deremold Speods Blobilizer Frofeckio,
Avintlon 4% (6] 180-151, 153, 316, 319-
B2, bl
[4-81) Famnooicn, Smeiess B
1d. Petedtz of Doeaosdd Foaleicofion,  Aoro
THemese 4% (2) 0 243, 285, {Tns,
(0=02} HawrimosyE, ITANporem,
1041, Madding the Laagley ALirplrser 4 Neaw
Plastic Bopded Plyncosd Plege, Avia
tiom 40 (11 0 T5-T6, 154, 105, illns.
[G-22) Hmmpixk, BEUCE 3.
15, Wethods of Bap-Walding Phnoeod.  Inds.
Dlasties 1 {4} @ 020

(5=} —.
1046, Pludd-Prosesee Wolidieg of Plyeosd, For-
et Praduets Laboeraiory  Heport Na.
TE1G24,
[ =11 . aRD Frerecmer, Hensesr O,

1045, Poats to RDelergine the Slipping Proper-
tieg of Hog-Molding Giees in fhe Pleid
Hrage,  Forest Products Lobovalory Te-
[0l Mo, 13060,
{5-80) Marmosre, L. T
10T Fregion Comsidoraiions for Plgeond Struo-
faren,  Aviation 41 {11 :114-117, 344,
[1E]) = 146-144, 314, ilus
{5=37) Anrem, EvairxE,
1947, The Fidal Process for Nolded Straciurds.
Avintion 41 (100 @ 124157, 200, 2llus.
{G-%4y Peney, T. D
1is, Fleeibin Presaaen in ¥ereor and Pigewooi
Worki: The Wodern Weihod of Making
Cureed  Plhpvocd,  Wood Producte 48
q0y 328, 36, 58, 0. Tk, illus,

5.4. Gluing and Assembly Operations

540, Graerar, Current proctices in the fabri-
catiom of wood aireraft parts and their assembly
inte the finished airplane are by no means stand-
ardized in the induwstry, and moeny departures
from or vaviations of the procedures set forth
herein are to be found. Mozt of the processes de-
seribed, however, have been ohserved in sctnal
commercial proctice. In sach of the assembly
rluing operations discussed, the varieus methads
amd proctices deseribed are believed to conform
reasonably closely to the detailed recommendo-
tions given in section 5.2, The following gluing
condilions and limitations apply generally to all
pezembly gluing operations and should be fol-
lowed, unless otherwise specifically excepted under
the deseription of each operation,

BADD, M oistura condent of wood. Wood pieces,
parts, and subpssemblies should have o moisture
content of between 8 and 12 percent for nssemhly
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gluing operations, except for special constructions
muirde Trom thin plies or laminations by cold-press
gluing. Becanse of the moisture added by cold-
smiting glues when used with thin material, o
meisture content of 5 Lo § percent i3 recornmended
if the stock iz one-girhith inch or less in thickness
(sec, 5200, Within either range of moisture con-
tent recomumended, the members n any one as
sombly shonld not vary by more than @ percent in
inoisture content,

5.401. Prepovalion of pleing swrfaces,  After
the steck hog been conditioned to the requined
mizture content, and immediately befove gluing,
all surfaces should be mochined smooth and troe
and accurately fitted as disonssed in ssefions 5.21
and &4, An interval of more than § hours be-
tween final surfacing and gluing is undesirable,
Specification AN-P-106a requires a lupse not to
exceed 4 hours between surfacing and ghiing.

G402, Preparation of gluwe for wee. Mannfae-
turers’ recommendations shonld be followed for
mixing glues, The proportion of all ingredients
ehiould be determined by weight, Glues should be
thoroughly mixed to an essily spreadable comnzist-
ency, and mixtures that become diffienlt to spread
ghould be disearded, Coloved poper cups are he-
ing used for dispensing cold-setting glues as an
wid in nssuving that the ghee nsed is fresh and of
satisfactory consiztency, For example, if the glie
were mixed twice daily, the morning mix could b
plased in green eups and the afternoon mix in ved
eups; all gloe used in the morning would thus be
from green cups and all nsed in the afternoon from
red cupa,

0,405, Glue spread. The glue mizture should
be applied aniformly to either or both of the
aurfoces being joined (see. 5.23). Double spread-
ing iz recommended for the gluing of scarf joints
or when certain unfavorable glning conditions,
snch as long assembly periods or rongh wood sur-
faces, are encountersd. Under these conditions,
the total amount of glue applied would ba in-
creaged phout 25 percent (=ec. 583,

6.404, dssembly periods. When gluing condi-
tions permit closed assambly and application of
adequate gluing pressure, the assembly time should
not exceed 60 minutes at 75° F. or 36 minutes ot
90° F, with resorcinol-resin glues, Open assembly
periods with resoreinol glues should not emesed
12 minutes at T6* T, or 9 minoces af 307 F. {fig.
5-20). When pressures of less than 100 pounds

Fh
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per spuare neh are used, as 0 nail gluing, closed
and open assembly periods should net exeend 40
and 10 minutes, respectively, al 75% I, and pro-
portionately shorter periods at higher tempern-
tures (see, 5.24 and tobls 5-12), Longer assembly
periods may be usad safely with some resorcinel

resing but should be used enly with specific ap-

proval of the procuring sgency,

With cold-setting ures-resin and casein glues,
closed assembly periods shonld not exceed 20
minutes, and open assembly periods should not
exeead 10 minutes at 70° and 80 F, when gluing
presaures of 100 pounids per square inch or more
are used.  In nail gluing and other gluing opere-
tions that involve the application of lew pressiure
to these glues, closed and open assembly periods
ghould not be greater than 15 and 8 minutes, re-
spectively {sec, 5.84 and table 5-12).

A0S, Gluwing presswres. The amount of pres
sure needed for satisfactory gluing depends to o
large extent upon the uniformity of the applica-
tion of the glue, When applied between rigid
surfnces, a8 when stifl canls ave used to distribute
the pressure uniformly, gluing pressures of 100
to 250 pounds per square inch, depending on the
denzity and crushing resistance of the species, are
recommended (see. 5.25). When gluing high-
density species to those of low dengily, the recom-
mendntions for the low-density gpecies govern the
maximum ghiing pressure that should be applied.
Fail gining iz slways assecinted with relalively
low and ungdetermined pressures, Nail gluing
ghould be limited to thin members, s when ply-
wood akins that deform readily under small pres-
sires are gloed to sopporting structures, Tt is
conzidered questionable to use nails to apply gla-
ing pressures if the thinnest member exceeds one-
eighth incl in thiclness, and nail gling should
not be used if the thinnest member exceeds one-
fonrth inch in thieknesz. When flnid pressure is
applied directly agninst the part being asgembled,
somewhal Tower pressuves are permissible if the
total thickness fo o vighd support dees not exeeed
npproximaiely three-sighths inch, The stroetural
strength of the aszembly will eften limit the maxi-
mum pressure, but within these limitations the
nearest practical appronch to the recomroended
pressure should be used.

540G, Pressure perisd.  Stock glued with resor-
cinel-regin glues should remain wnder pressure at
least 5 hours at 75° F. or 2 hours at 90° F,, but a

longrer pressing period should be used if the glue
joint ig stressed immediately upon the release of
pressure, as in curved members or in hesvy lami-
nated constroction, Resorcinel glues shonld net
bz nzed on wood or in a room that is below 750
F. (sec. 5.262).

When cold-zetting uren resing or casein are used,
stock should remain under pressure at least 4 hours
at T0% I.oor 2 hours at 90° B, In corved members
or in heavy constrnetion, glning pressure shonld be
maintained for a longer period.  The cold-setting
nren resing should not be nsed af temperatures be-
lowe 0" F, (sec. 5.262).

At elevated temperatures the pressure period
eun be appreciably shortened (see, 5263),

GA07, Conditiondng period, Following the
gluing operation, the stock should be conditioned
for a sofficient time to ensure the development of
the full strength of the joint and to permit the
moisture added by the glue to be removed or dis-
tributed throwghout the woed, The tyvpe and
duration of the conditioning treatment neaded ave
considered under specific gluing operations (ses,
2.

541, Guowe or Scawr Jorsts. The requite-
ments of senrfed surfaces for gluing and the meth-
oz mzed in producing them arve deseribed under
sections 2.4 and 5.6,

6410, Searf joinds i solid stock, After the
surface has been prepared with the required slope,
the glning operation itzelf should follow the fun-
damental principles discussed earlier, with one or
two additional precantions,

34100, Prevention of slippage. In the gluing
of searf joints, probably the meost Important singls
congiderntion is te prevent end slippage.  FEifort
should be made to keep the parts in proper aline-
ment, az ilustrated by A, figure 5-35, A small
amount of overlap as illustrated is desirable and
insures that the joint will receive adequate pres-
sure.  If the members slip excessively endwise
during the pressing operation, a condition will
exist as lustrated in O fgrore 5<83, When the
members ave in this position, the joint will not re-
ceive sufficient and wniform pressure, and erratic
jeint strengths may be expected,  The condition
Nustrated by &, figure 5-35, is to be preferred to
. In ecase the members are in o position illus-
trated by &, figure 5-30, it is possible that the scarf
joint will receive hizher preseure than intended
and some crushing may result, but it is probable
that the quality of the glue joint will not be ad-

m



Downloaded from http://www.everyspec.com

3

A corrECT

z

=

B ToO MucH OVERLAP

-

——— =

C. INCORRECT

Figure §-75. (A} Corvegd, (1) accopiobis bud wosleful ond (0} decorrect methods of alipeing soetf jomds forgluizg,

versely affected, It 1= important to provide some
mnethed, such as blecking or elamping the ends of
the members, to prevent end slippuge,  Blocking
or clamping shonld also be arranged to minimize
side slippage and thus prevent unnecessary waste
of material.  Wood pine of amall diameter driven
into drilled holes ave sonetimes used to prevent
eid and side elippage. These pins have an ad-
vaniage over nails, sometimes used for the same
purpose, in thot they can be left in and do not in-
terfere with subsequent machining operations.

54101 Glees.  In rloing searf joints, both con-
tact snfaces shonld be eoated with gloe and the
maximum pressures permitbed by the species
should be used.  For the dense, porous hardwoods,
partienlarly when the maximwm permissible slope
i approsched or when a glue of low viscosity is
used, mizing of the scarfed anrfaces with a thin
glue mixture prior to gluing is helpful in prevent-
g excessive penetration (sec, 5.271).

In thick stock the chotee of gloes is usnally lim-
ited by operating conditions to resoreinel, cold-
setting uren resing er easein glues, although intar-
medinte-tempersture phenol and melamine glies
may be used if fpcilitics are available for the ap-
plication of auflicient heat {see. 4.2, If the stock
ig thin, hot-setling synthetic glues may be used
provided heat ean be applied to set the glue,
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Where satisfactory  electrestatic egoipment s
available, hot-setting resins can be used on thick
gtoek as well as on thin stock {see, 5.264).

5A102, Fludng operation.  In the gliing opera-
lion, proper contrel of the fundamental gluing
factors desoribed in chapter 4 and section 540
ghould be obeerved., After removal from the
presz, stoek of different thicknesses should be con-
ditioned for 8 to T days ab ordinary room condi-
tiong, or for 1 to & days in o kil or room at 100°
to 120° F., with huamidity controlled to naintain
the moistore content of the stocl: within the eange
of & to 12 percent {sec. 5.28).

Pressure can be exerted by any mechanizm that
will apply a lond of the desired magrnitade uni-
formly over the jeint avea. Serew presses of con-
veutional design are froquently wsed (fig, 5-54).
The numbser of scarf joints pressed simoltaneonsly
in the sume device should be lhnited o order that
elinement may be maintained and an even dis
tribution of pressure insnred,

If the members are thin end the operation i=s
earried oul in o hol press o few of the details of
the gliing operation just deseribed will, of course,
be changed to Gt the adbesive.  With hat-presaing
adhesives, the assembly period ean ordinarily be
considerably longer, and the gluing operation will
involve o loss rather than a gain in moisture, The
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Fignere G-F0, Borme prege wiod in giwing soarf joints,

T prowecs of fhis fype s provision should be made do

wrevend and slippage (aoe S 40000,

time 1n the press will be greatly shortened, but g
eonditioning period should follow the gluing, just
a5 in the easr of cold-setting glues, The same pre-
eputions involved in seeuring an aceurate fit of the
aurfaces and preventing endwise glippage are rec-
armtnended, as in cold pressing. The use of dry
glues reduees somewhat the danger of end slip-
Page. Some operators have fornd it procticsl to
use electrie strip heaters between seorf joints in a
cold press, either to aceelerate the sefting of the
cold-setting glues or to provide o means of curing
hot-setting glues where lomination thicknesses
peErmit,

SL). Searf joints in plyweod,  After the searf
joints in plywond have been machined, they should
be glued as described in sections 5271 and 5.40,
Figure $-37 shows n special navrew, multiple-
opening hot press for ghhing seard joints m ply-
wood.  The extensions are for supporting the ply-
wood and alzo may be used as elamp supports o
prevent end slippage, In hot-press gluing of
searf joints with Jiquid glues of low viscosity, two
applications of glue to both of the-contacet surfaces
are often made,  Several minutes are allowed to
lapse between the two applications of glue.

Other than the points mentioned, the gluing of
scarf joiuls in plywoosd follows the same basic
procecdire as does gluing of seart jeints in solid
groek.

5418, Serrated, fuger, and stepped scarf joints,

Various destgns of joinls, such as seveated, fnger,
and steppad, moy alse be considered os examples of
Az o general rule, they ave difficult

start joints,
to machine aceurately and to glue with assuranes

of producing joints of high and oniferm quality,

Consequently, they find little use n aireraft con-
struction, und are not recommendad.

542 Gumxo Stearenr Lasiwarer Mesreres,
The laminating of flat, straight members, sueh as

spars and spar fanges, iz o simple glaing opera-
tion complicated only by the large size of some of
the members produced. The species involved ave

chiefly spruce and other lightweight wood,

presses of corresponding size and often machioe

glue spreaders to spesd the operation and stay

within permissible time limits for the assembly
[rerind.

5400, Flwes.
laminated memnbers preclude the nse of hot-setfing
glues, except where lieated rooms with controlled

humidicy or electrostatic heating equipment ara
Consequently, the chos

available [sec. G264},
of rlues is generally lmited to those of the reom-
temperature-setting types,

Navy specification covering the type of gloe
selectid,
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Ths

lnrge pieces, of course, require the v of gluing

The thickness and size of maost

The glues nsed shouald
conform te the current issue of the Army - and
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Fignrg 5-08, A type of acvan press wead ie giuing Tet lotvinaied afock,
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5421, Progeay end clempz. The most eommon
methed of applyinge slning pressures in eluine
laminated members 13 by means of screw preseos,
ag lustrated in feoee 5538, The mojor problemn
in using this type of equipment i= to insure an
adeguate but not excessive pressure,  The load
applied by a serew may be measnred by the nse
of a compressometer, by means of a torque wrench
(fig. B-14}, or may be approximated by caleuln-
tion {see. 3.851), :

Ceensionally, presses ave usad that are similar
in basie desigm to the serew press illustrated, bat
with the pressure applied by menns of hydranlic
jncks equipped with pressore-indicating dials,
With equipment of this design, the pressures can
Lee mersured and controlled more conveniently
than with a screw press.  The travel of the head
of the jack, however, is ordinarily more limnited
gy Ehe travel of o serew, and more time will be
apent in blocling if members of different thick-
nesses are to be glued in the same press.  Forther,
the number of hydranlio jacks in a press will os-
nally besmall compared with the number of serews
in a press of the same sige.  Consequently, the canl
boards mnst be considernbly heavier to insnre ade-
quate distribution of pressure,

Laminated members whoss  depths  vary
throughonut their length can be produced by the use
of shorter laminations at the thicler sections, Om
eongtruetion of this type, the continuous lamina-
tions sheuld always be on the side most highly
stressed in tensgion.  Glning of such assemblies 15
nceomplished with “stepped™ eanls,  Eoch step in
the eanl should be acenrately coordinated with the
thickness of the corresponding laminotion. As
further precantion, it i= advisable to line the
stepped canl with o uniform thickness of felt or
rubber, seeurely gloed in ploee,  Waxed paper or
cellophiane shonld be nsed against this surface to
prevent its being eovered with glue, In the ap-
plicntion of pressure to luminated members, it is
advisable to work from the center towards the ends
o Trotn ome end,  This procedore allows the lami-
nations to slip into place,

Where enongh laminated members of one thick-
ness ave requived to justify a specinl press, one can
be constrneted that makes use of hydreaulic or air
pressure distributed over the entive platen aven,
In o press of this type, o diaphragm is placed be-
low the bottom platen, The displiasm nsy con-
gzl of fire hose closed at one end and attached to
air pressure equipment at the other. The stock

to be glued is laid between the platens and the
gloing pressove 15 applied by air pressore on the
diaphragm or hose.  In a press of this design, the
travel of the head 1= limited, and it is suitable for
the slning of stock of enly one thickness.  Soma
commereial liot presses malee use of the snme prin-
ciple and attain greater Aexibility by providing
for movemnent of the head of the press.  In socha
press, the platens are closed mechanically, and
only the shung pressuve, accomplished with rela-
tively =mall movement, i=  exerted by the
disphragm.

5A22, Final gemditipning. i the laminations
are three-gighths inch or thicler, the stocl, after
venoval from the press, should be eonditioned for
# to T doys at ordinary reom conditions, o1 for 1
to & doye at 1007 te 2007 F, (with humidity eon-
trol) before final sorfacing operations.  The
jeints will be strong encugh to permit initial ma-
chine worl in 2 days at ordinary conditions,  If
the lnminations are one-eiehith inch or thinner and
gloed with casein glue, the conditioning period
glonld be extended to 1 to 3 weeks when stored in
ardinary room conditions or 4 to 12 days in a kiln
at a tempernture of about 120 F,, depending on
the sizge of the member.  For conditioning other
colistructions, see setion 5,25,

648, Guomwe Conven Lamisaren Mempers, In
the preparation of eurved, laminated parts, the
bemding and gluing are nsually done in one opera-
tion.  After the gloe is sef, the luminatecd con-
strioetion will retain esentinlly the curvature of
the form. Examples of laminated ports e
quently found in aireraft work are spar flanges,
bow ends for wing tips, nlkhead vings, mas-tunk
supports, and wing rib eaps in highly stressed
=peElons.

In gluing curved, laminated pares, the funda-
mentals of the operation are the samwe as in gloing
flat laminations.

5.480. Methods of appliping pressure. The ap-
plication of gluing pressure to enrved mambers is
uzually more eomplicats] than io the case of flat
laminations.  If the curvature is only mocdernte,
possibly the easiest way to apply gliing presera
is by means of simple male and female forms pre-
pared from wood blocks (A, fiz 5287, When
loaded, such forms enn be laid in screw or hy-
draunlic presses and pressure applied just as in
gluing flat stock.  If many small cmved items of
the same design are to be made, it may be conven-
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fens Lo prepare a sertes of forms and use them in a
hydeanlie press as illustrated in figure 540,
Apother laminating press, employing electrie
strip heaters to accelerate (he seiting of the glue,
iz illustrated in , figure §-00. The foree is ap-
Hied to the movable form by serews, C-clamps, or

e

hydranlic pistons. A piece of thin high-carbon
stasl, 0005 te 0010 inch thick, is atinchad to the
ingide surfaces of both forme, It 1= advisable to
nse n shest of felt or rubber on ene form te com-
penzate for inpcenracies m the fit of parts, Ta
factlitate uniform heating, the strip henter muosl

Figuedg F-40, Foidng cwveecd pliieead peeds f guaintitics by cold-preseing fochnigan
. 3 P I q o t

pEr
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be uniform in oross section,  The electrical energy
hecessiry to prodnees the desired temperature in
the strip heater will depend on severn] varinbles,
such us size, shape, and sonstruetion of forms, bot
a power consumption of about 134 watts per
guare inch of heater strip has heen found to be
generally applicable. A voltage of less than 80 is
milvisnble for the safety of the operators.  Power
iz usnally supplied by o sep-down transforner in
zeties with a variable voltage transformer or by &
welding machine. In use, the jig is loaded and
pressure applied befove the power i3 tarned on,

In gluing cnved, luminsted members whose
depth varies thronghout the length, the use of step
canla permits the use of shorter laminationa at the
thicker sections.  The sane precautions apply to
both curved and straight members of this fype
{gec. 54211, A horizontal laminating press that
can engily be adupted to curved, stepped canls is
illustrated in figure 5-41,

Az the curvatore of the members becomes
greater, it will be found meore and more diffieult
to secuve uniform distribution of pressuve by the
use of only the simple male and fomale formes.
If the curve is eivenlar or nesrly so, it is possible
to nse tension bands of metal areund a male form,
in which case the radially acting pressure in
pronnds per lineal ineh of length in divection of
the axiz of curvalure 1s equal to the tension per
inch of width on the steap (in pounds) divided by

the rodivg of the eircle (in inches). If one part
of the member is curved and the ether nearly
girpight, it will be difficult to nse tension bhands
alone, becanse the pressure will then be very low
on the straight portion.  One method of overcom-
ing this difficulty is shown in B, figure 5-39, in
which u fre hose has been laid between the tension
band and the word,  The fire hose is closad at one
end wnid connectad to air pressure ol the other.
In its nee, the laminations are spread and laid in
Ploce, and the tension band is tightensd,  Adr is
then admitted into the hose,  Tf the shape deviates
much from cirenlar, or if thers are straight por-
tions, it may be necessary to interpose filler blocks
between the hose and the tension band because,
with fluid pressure in the hose, the band tends to
ngsmme a cirenlar shape, It is apparent that the
setting of resin glues could be accelernted if warm
water instead of air were vsed in the hose. The
male form can also be made in such o way that
hand clamps may be attached around the cireum-

" ference.  With o jig of this description, the work

i laid on the form with a caul of wood or metal
over the last lomination and clamped to the Lorm
by means of the hand clamps. While such a jig
or form iz simple Lo make, more time to clamp up
the work will be vequived than with the air-pres-
aure type il probably the pressure will not be so
avinly distributed.

If the lamingted member is a complete ring, as,

Figre 5-4i. Harizoilol emirating preas,
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[or example, a eomplete bullhead ring, the mann-
facturing diffienlties are eonziderably increased.
O method consists of wsing o continuons luminae-
tiom wound spivally aveund o form with the glning
pressure applied by tension of the lamination alone
or aided by belt pressure.  This methoed is illus-
teated in figuve 542 on g closed member of civenlar
ehape, Applieation of this method requives that
the veneer lret be spliced end to end by means of
seart joints until a sulficient length is provided to
form the complete ving, It would be possible Lo
roanufacture mueh the samne product by laminating

AL MONE
Foeed

ders ave vaually smaller and their constrnction
often simpler in degign than that for wings (sec
46, In place of braces, s single sheet of ply-
wood, with or without lightening holas, may be
used ns wab, anc cap strips gloed to one or both
sicles to form a channel or an T-section.  On the
other extreme, vibs in the center ssction, poarticn-
larly in larger aiveraft, may have cap strips whose
eross section 18 such thal laminated construction
st be need to provide the proper side snd Dend-
ing properties,  The general methods described
here, however, should prove snitable, and the pen-
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Figure d=42 Wethod of aluing o inmineied membar ie dhe form of o oomplele e,

the rings in half sections and later joining pairs
of half sections with searf joints,

G431, Badive of oprvature,  Precize data on the
roinimum corvatures to which veneers of different
thicknesses and speeics can be bent are not avail-
able, but the information contained nnder seetion
0.68 15 suggested as a guide.

5,432, Time wnder presswre. Consarvative proo-
tice suzgests Lhat the time under pressure should
be extended somewhat beyond the minimum sug-
gested for flat gluing.

G438, Final senditioning. Curved, laminated
members should be given a final conditioning
treatment simnilar Lo that recommended for straight
laminabed members (zec. 5.499),

Bt Assempiy awp Gromee or Rims, The size
ani number of viba to be made will have consider-
able bearing on the choice of the procedurs in
consfruction. A few ribs of one size and shape
cant probably be prodoced most easily and eco-
nomieally by nail gluing, although in such cages
many are gluml in simple jigs with the gluing
pressures applied by hand elamps,  For mass pro-
duction of ribs, the mere elaborate jigs will prob.
pbly prove moest uwseful. Ribs of the comirol
surfaces, ailerons, stabilizers, elevators, and rud-

eral principles underlying the nse of the glues and
conditioning practies after gluing will apply.

G040, Cold-press gludng,

b0, Nail gluing, The most commonly nsed
method of wing-rib canstruetion provides that (e
cap strips and braces be laid in o jig so designed
that the strips nnd braces are held by blocking in
their proper positions (g, 5-43). Small ply wood
gusset plates, often triangular in plan and about
2 inches in their longest dimension, are then spread
with glue and nailed in place, The nail spacing
and nail sige vary sceording to the sizge of the cap
strips and braces. When the eap strips are ap-

. meimatnl_:,r A by 34 inch andd tllagus“ﬁt! ]'J-lﬂ.l-l:&ﬂ'l"&

Ho-ineh plywood, S-inch Noo 20 pails spaced
about 4 ineh apart ave sugzested, The surfaces
of the cap strips and braces should be true and
smooth, and the nails should be dviven home
snugly,

An adequate amount of glue should be sprend
over the joint aven (see. G.404), but the natural
tendency is to use more then is necessary, so that
the main precaution requived is to see that all
parts of the joint are covered. Single spreading
on the gusset plate 15 adequade amd most conven-
ient, Decause of the nature of the operation, tha
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isgembly period i= short and reguires no special
regnlation other than traiming the operator to
epread only a few plates befove nailing.  The com-
mon practics & to sprend one gusset plate, nail
it in place, then spread a second, nail it in place,
and =0 ou; bat, where desirable, o fow plates can
be spread and laid in place in advance so long as
the interval between spreading and nailing on any
one plate does not excead 10 minutes.  When the
puzset plates have been nailed and gloed to one
atde, the 1ib iz vemoved from the jig and the gus-
set plates are nailed and gloed to the other side,
BALOL Monwal pressuce  glidng, A second
method, that of manusl pressing, has in scme cases
been adapted to the eold gluing of wing vibe, bur
the method 1s not recommended for general nse
becanse of the difficnlties of insuring proper mag-
nitude and distribution of gluing pressure and of

'}

maintaining proper limits on the assembly period,
In this type of operation, o jig is prepared for
each size of rib. The jig consists essentinlly of
two metal plates ahout three-eighths inch thick,
to one of which short metal vods are attoched

uspally by threading the ends of the rods and
tapping the plates—in such positions that they
hold the cap strips, braces, and gusset plates in
their proper position |fg. 5-44), Holes are bored
in corresponding positions in the upper plate
Addationnl pressure rods, threaded ot the top and
minched to the bottom plate, extend through the
top plate when the jir iz londed, nuts are serewed
on the threaded rods, and the gluing pressurve 15
nppdied by Hightening the nuts. " With thisnethod,
some eare i3 required in lomting the stram pols
to avold unequal pressure distribntign and local-
iged cruzhing, It i= advisable to use & toweguoe-

ignere G-34. Couafeweling wing ribs bp ousil phidig.
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indiealing wrenel to avoid excessive pressure,
The gluing pressure can wlso be applied, of conre,
by external screws, clamps, or presses,

In operation, one set of gussets, cap strips, and
braces after another is spl'énd with slne and Taid
in place nntil the jig is full. The top plate iz then
Inid on nnd the glning pressuve applied. It is
advisnble to lay a eanl of thin plywoeod npon each
rib to promete uniferm distvibution of pressure
pnel o gheet of waxed paper on each side of each

Figure S—pf. Jigp for asgcnibling awd presging seoeral wing #ibs dn ome speradios.

B '_ : ] L el i 2
SR R LS S e

rib to prevent excess glue from cansing the ribs
to stick together or to the conls,”

The principal disadvantoge of this system is
the donger of exceeding the allownble assembiy
pericd,  The assembly periods shonld not exceed
G0 minuntes at 75° F. lov regoreinel glnes or 20
minutes for uren-resin and ensein glues, and the
luing presmures ehonld be between 100 pnd 200
ponnds per square inch, depending on the spesies
nsed.  Bome diffienities are likely to be enconn-
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tered when this system of rib gluing is first tried.
Far lnrger ribs, the forms are henvy and mechani-
cal lifting joists way be desivable.  Loading the
jlg is not a rapid process; henee, the unmber of
tibs that can be laid up at one tine in one jig will
be limited by (e permizsible assembly pevied from
the time spreading starts on the first vib until
glning pressore is applied. If the gusset plates
are continnons strips, several vibs of medinm size
can ba laid within the time liwat, bot, if the gonssels
pre in the form of spmall patehes, the numbeyr of
vibs per jiz will be considerably reduesd,

Adter the ribs ave removed from the press, they
should be conditioned before final machining for
2 to 2 days at room temperatures, or 1 day at
120 F.owith homidity control.

A4, Mot-prass gliing, Gussets are often
glued to eap strips inoa repid-closing hot press.
To earry out this operation, a jig is made of com-
paratively thin metal (approximately one-six-
teeuth ineh) equipped with thin metal angles
welded to one surfoce to hold the rviks, broces, and
cuszets in their proper positions. The height of

thess angles wust be soroewhaot less than the sum
of the thicknesses of the cap sieips aud the gugset
plates, so thot the gluing presauve will be exerted
ot the joint and not on the guide blocks,

AL Fhwng. In the gluing operation, the
gusset plutes for one side of the rib ave conted with
glue and laid in place, the cap strips and braces
are inserted in their proper pluces, and the top
gusset plates ave spread with gloe, laid in place,
\ above the goide
blocls—fastened lightly with o few nails. The
nseembly is then placed o a hot press, where the
gloing operation is completed under heat and
[ressnra.

G411, Glues. Syntheticresin glues are best
smited for this tyvpe of operation, the choiee be-
tween the diffevent types depending somewhat on
the hol-press equipment available. Hot-press
phenol, melamine, fortified uven, pnd hot-press
nres glues can be vsed in single- or multiple-open-
ing ot presses of conventional design (figs. 513
and =3, The intermediate-termperatore phenol
gloes, which do wet cure at ordinary room tem-

i U '.i' 45 *} ;:j L BLY nﬂ’l}ﬁ}“jd'ﬂ S}t iE) rj hn) 1)
}l ’:;-.:\'E.F"_r’f.,-""'-l. g

Flgnre 5-45. Quickaloving, frolose kot presk for sssembling ride and sinvilar small parts,
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peratures, the resoreinols, and the cold-setting
nrea resins are olso adapted for use in Lol
preszes.  There is great danger of precuving when
intermediate-lemperature-setting and room-tem-
perature-setting regin glues are used in Lot presses,
If the press ie slow in cloging, either becavse of
delay by the operator or becanse of a slow closing
mechamizm, the glue may set before the pressure
iz applied, and faulty jointz will result,  Cuick-
elosing, single-opening hot presses (fig. 5—45) ave
best adapted Tor nse with intermedialbe-tempera-
ture-setting and room-temperature-setting resin
Elues,  Although casein glues can be wsed in hot
presses, they do nob set as rapidly and ave not 50
well adapted for hot-pressing operations as are
the resin glues,

With the hot-setting resin glues, the tempern-
ture of the platens may well be that used in the
conventional gliing of hot-pressed plirwoed (2o,
42887, The rate of setting of intermediate-tem
perature phenol, resoreinol, and cold-setting nrea-
resin glues 1= discpased in section 5263, With the
cold-setting, uren-resin glues in particular, the
vecommendationz of the zloe manulacturer on
maximum permissible temperatures should be ob
served and tests made to confirm the guality of
the resulting bond.  Tn pll hot-pres gluing, the
metal jigs must be cooled between operations, or
the glue on the lower guzssel plate may care while
the rib 1= being assembled,

0E, Pressura, The gluing pressure shonld
be calenlated on the bosis of the ares of the slue
joint and should confomm to previons recomine-
datienz for the glues weed,

BANS, Final conditioning, During the gluing
aperation, moisture will be last, and the riba should
thevefore be allowed to condition before the final
machining operation, In sontrost to eold press-
ing, the eonditioning involves o regain vather than
a loss of moisture.  This inereass in moisture con-
tent can best be nccomplizshed in a kiln at elevatsd
temperntures and humidity adjusted to an equi-
Libriuny moisture content of sbout 10 percent,
Conditioning in an ardinary shop without pde-
quate humidity control during the winter will be
slow and unsatisfactory.

AL, Assmaery oF Box Seraps. The pssembly
grluing of box spars consiste of ghuing the filler or
reinforcing blocks betwesn the flanges and gluing
plywood webs to the sides.  In most cases the grain
of the minforving block iz perpendicular to that
of the spar flange,  In other cases, it is at an angle

, may be of woocl or metal,

of as mueh a8 60°,  If the fller blocks are of ply-
wond, the grain of approximately half the plies
will vun ot vight angles to that of the spar flanges
and, on this portion of the surface, smd grain will
be glued to side grain.  If the grain of the fille
blocls, iz perpendicular to the fange, or nearly
s, the recommendations for the gluing of scard-
joint surfoces should be followed (3271 and
G101},

6480 (luse. The cholce of slues for gluing
both the filler blocks and the web iz wsually
limited to those of the cold-setting type,  In some
cases it may be possible to glue the web to the
flanges in & hot press, and in such cases o hot-
sebting resin achesive can be wzed, The use of
hot-press glues, however, will be limitad to those
cases where the web iz thin,

G481, Pressure, Inealenlating the sluing pres-
enre, the area of contact betweey the fller blocks
pnd the spar Menges or between the web and the
filler blocks and flanges should be eonsidered
rather than the total surface aven. The width of
the filler blocks should equal that of the flanges,
In gluing, the blacks should he carefully alined
with the surfaces of the spar flanges to minimize
the suwrfucing neceszy before gluing on the webs,
The time under pressure shounld not ba less than
6 honrs at 76% I, with resoreinel resin or 4 hours
wh 70° T, with eold-sefting nrea-resin gines, and
the assembly shonld be allowed to eondition 3 to
O days ot room temperoture before preparing the
surface for gloing to the weh.

G452 Filler Bocks. In glung the filler bloeke
of a box spor, the method of applying the pressuve
will wary with the design of the spar.  Filler
blocks of simple design in small spors may be
glued in place with hand elamps, provided that o
enflicient number of elamps iz vsed to obtain ade-
quate pressare (sec. 5261 and table 5-13).  Filler
blocks can be gloed in lrger spors by the use of
conls and sevew presses (fig. 5-08),

If-the job invelves large numbers of complex
spars, special jigs ave desirable to assist in proper
alinenent of the fller blocks and in convenient
application of the gliing pressure.  One such type
of special jig i= illustrated n fgure 546, The
loeation of ench fller bloelt iz indicated by a din-
gratn or by mechanical stops on the plate upon
which the flanges and bloeks are placed.  Ome spor
cop resie apainst o vigid metal ool plate; the op-
posite eap iz labd against o movable ennl plate that
In this design, o fire
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hoge iz laid between the movable canl plate and a
Figid supporting member,  When the filler blocls
have been surfaced to i and spread with gloe, they
nie Jaid in place, and the gloing pressure is applied
by admitting air into the hose. The pressure
could also be applied by serews throngl the Gxed
support bearing against the movable canl beard,
or by levers that actuate eecentries,  Applving air
pressure throngh hose, however, luns the ndvantoms
thot the presorve 12 umiform and 15 easily
mepsnred.

5458, Gluing ewebs. Gluing of the webs to the
flanges and fller blocks can ordinarily be done
most conveniently in a conventional serew-type
press (fig: 5-36).  As mentioned previonsly, this
gluing might be done in g hot, press in special cnses.
Specinlly designed steam or electrically heated
fire-liose presses ave sometimes wsed Tor this por-
pose. A lurge, stenm-heated press of this type is
illustrated in fioure 547,

S, Fingl conditioning,  After removal from
the press, the completed spar should be allowed to
condition at least 2 days before initial machining
and from 3 to § davs at room temperature before
final enrfacing.

0,455, Pnderior findsh. Gluing the interior sur-
faces of the flanges and fller blocks invelves mask-
ing or otherwise protecting the glue-line avea
previous to the finishing, ns described in section 5.7.

ik Asspmely o Wixe axo FosEraoe Frases.

G680, Fabeip-oovered wing frames. The ribs
for fabric-covered wing frames are often made in
ong it that includes the lewding edoe, center
gection, and trailing edse,  The cap strips are con-
tinuons and extend peross the top and bottom of
the spar.  Attaching ribs of sueh design to the
spors offers no particnlar difficnlty and requives
no elaborate jig.  Ordinarvily, the vibs are slipped
over the ends of the spar, properly held by simple
prositioning jigs, and gleed in ploce (g, 5-48).
The glning pressure ia ovdinarily applied by small
tnils.

84000, feinforeing Mocks, The joint betwean
the rib and the spar id sometimes reinforced by
corner blecks or by small plyweood angles, as in B,
figrure 340, Solid reinforeing members are ysn-
ally glued in place by nail gloing, although the
pressure could be applied with hand elamps.  Ply-
wond angles can be glued in place by apecial
clamping deviees. A suitable clamp for gluing
four angles in pleee i one operation iz illusteated
in 2, fieure 540,

B0l Moeelindng, For o wing that is to be
covered with fabrie ouly, the amount of machin-
ing to true the surfaces after the ribs are in place
will be limited, I the wing is coversd with falbric
over a partinl covering of plyweod (g 5-40),
i surfocing will be vequired to form a smooth
junction between the riba and plywood-coversd
areds,

b4l Plywosd-covered wing frames,  Ribs in
wings that are eovered with plywood ave often in
three sections, the leading-edge section, the trail-
ing-edre seetion, and the seetion between the front
and rear spar. In this ease, more elaborate jigs
are required to locate the ribs in the proper posi-
tion and to hold them at the correct angle whils
they are being gloed in ploce. Frequently the vibs
for the leading edge ave Iastened in posilion first
(fig. 5-81), wsually by nail gluing them to the
gpar. The plywood cover is frequently attached
Lo the lending edee in the some jiz as soon as the
leading-edge riba have been glued in place and
surfuced (uznally by fleating {=ee. BG08Y ) to in-
anre o wood conteet surface,  The spar, complee
with leading edge, is then transferved to another
Jig where the center-section vils are attaelied be-
tween front and veny spar.  For the moat pot,
these ribs, lile the leading-edge ribs, are nail ghed
in place. The joints are sometimes reinforeed
with blocking or with plywood angles, and some-
times with o strip of plywood gleed to the surface
of the spar flangs and extending over a portion of
e vibs iz 5-32).

Ribs in the inter-spar section of o three-piece
wing are frequently heavy and designed to cory
high stresses.  These ribs likewise are often fos-
tere] in ploce by noil gluing, with or without re-
inforcing blocks or angles, hut oecasionally they
‘are bolted to the spars, The jigs for holding the
strnetare in place while the ribs and other parts
of the structure are attached ave often large and
comples,

On the other extreme, the vibs for the trailing-
arclize section und of the control surface are usually
sl and lipht snd esgoive only simpls jigs o
insure their proper positioning. Nail gloing is
used wlmest exclusively in fastening the riba in
poeition in these smnll assemblies,

BAln, lwes. The choice of glne for use in
assembling the wing frames is limited to thoge of
the room-temperature-setting Vpes, except in
thoze cases where it is posgible to accomplisl set-
ting by the application of heat.
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Pigure 5-51. Jige for loceting lending-cdpe rils in groper posidions.
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Figwre 558 Bils dn pdece befweon |

dinary copditione is sufficient to permit the joints
to reach appreximately maxinonn strength, A
longer couditioning period to permit completa dif-
fusion of weisture away from the glue joint iz not
DECEISALY,

6.AGZ, Adssembly aof the fuselage froms. As
senbling the fuselage frame consists essentially
in holding the bullkliend or fuselage vings in proper
position while the longerons sve being [nstened
in ploce.  The vings may be lominated stock (2ee,
aa) s flat plywood formed from panels of aufli-
cient thickness; or combinations of solid woor,
plywood, and lamivated stock, Lavgsr fuselnge
rings may be of box-section constrnction.

a0 Jigs,  The jigs usel for supporting the
fuseloge rings ave vsually of two types, external
and interpal. The external type i3 essentially a
frame enclosing the fuselage with stops or blocks

- AN K

ra

rotd ad ey ppars of sing seckior,

at Lhe proper positions to which the fuselage rings
ave elpmped (fg. 5=33), With an external jig of
this type enly a part of the fusslage covering can
b attached ot one time, so that a seond jig i
necessary when the fuselage advances to the final
eovering eperation,  With the internal type of jig
for azzembling the fuselage rings, o vigid and eomn-
paratively Targe member extends longitudinally
thvongh the fuselage frame.  Rigid arms radiote
from this central member at the proper locations
to which the fuselage vings are clamped (fg. 5
fb).  If other considerations permit the pss of
the internal type of jig, it has the gdventage of
leaving the surface free to apply the entive cover-
ing without ehanging jigs.

In fuselage designs where the longerons are et
into the different fuselage vings al varying angles,
the slofs in the rings wre sometimes cub oversizs

S ERAME e
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Migirg S-30. Erierwal dype Jig for gaaciibfivge feaclege (e
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USELAGE FRAME
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Figwee F-5§. Infereal tide Jig for afacmebiieg fuscloge frioves.

and squarely poross to aliminote the necessity of
setting up special jigs Por slotting each ring snd
to facilitate laying the longerons in place. The
triangular spaces remaining are then filled with
ampll wedges conted with glue and driven in place.

4021, lwing, The choice of glues for this
worl is limited to those of the room-Lemperoture-
sotting types.  The spread shounld eonform to pre-
vious recommendations for the type selected, The
general tendency, however, will be to spread an
exeess g0 that the main precantion to be observed
is to insure that all parts of the contact areas are
comipletaly coverad.  If the fuselage rings are of
plywood, a part of the gluinge will be end grain to
side grain,  If the contoeting surfaces ave not side
grain to side grain, the practices recomnended for
the gluing of end-grain surfaces should be ob-
served (gec. GET1).

54622, Peessara. Inomany operations, it 1s cus-
tamary to fasten the longerons Lo the rings with
serews thit serve also to apply the gluing pressure.
Frequently the joints will be in positions where
clamps ean be uged, and, wherever practical, their
uae is recommended.

S4628. Conditioning  peried. A conditioning
period for the glue joints that greatly exceeds the
time requived to gnin approximately the full
strength of the gloe is unnecessary ; about 2 days
al roon tempernture is considered sufficient.

5.47. Arrmcartox or Prywoop Suiws, Though
room-temperature-setting glues are largely used
to attach plywood skins to the wings, fuselage, o

250

control surfoces, it may sometimes be practical to
use glues that vequire elevated temperatures for
smill pesemblies that can be ghied np and then
moved inte kilng where the temperature and ho-
midity ean be regulated. The kiln procedure can
alse be emmploved to aecelerate the eure of the cold.
setting resin glues, which zet move slowly at cus-
tomary room temperatures.  Lamps have been
naed to aecelerate the enreof the glue, but the ad-
vantage of their use is often open to much question
becanse of the relatively slow vate of heat transfer
and the difficulty of obiaining proper humidifica-
thon avound the nssembly,  Resistano: heaters ap.
plied as strips between the skin and nailing strips
somitimes prove nseful over limited wrens whers
rapid enring of one joint may accelerate the assem-
bly of o large unit. High-fregueney units with
specially designed portable electrodes have been
nsed i oa limited number of operations of this
Ty pe.

The surfoces of the wing ribs, spars, and broces
in tha wing surface or of the fnzelage vings, lon-
gevons, and braces in the fusslage surface should
be true, smooth, and in alinement when the skin
ig attached. A commen rmethod of preparing the
surfaces of the framing members b= “floating™
{sec. 5.658).

It is desirable to prepave jigs to hold the wing
ol fuselage frames rigidly in position during the

‘surfaeing of the frame and attaching of the skin.

The complexity of the jigs will vary, depending
an the sizge of the assemblies and the methed of
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Figuee 558, Atfaching fot plyieosd fo fhe Teodivg efod 6f o wcleg eection

alplying the gloing pressores. If the gloing
pressive is to be applied by nails and if the assemn.
bly is small, the jig may consist of merely the
saplest support for the worke (fig, 5-55).  Asthe
sige of the assembly ineveases, the size of the jig
mnst, of course, e inerensed,

AT Prepaving the abine Defore the actual
operation of eluing the plyweod to the frame be-
gins, the plywood skin itself must be preparved for
gluing,  Tn some coses Uhis may consist of merely
cutting the plywoeod to stze.  Tanally it will in-
volve splicing Cwo or more sheets in order to obiain
the proper length. Flywood panels ave ordi-
nurily spliosd by joining with searf joinis in sep-
avate gluing operations, althongh splicing with
senrl joints may be done as a part of the operation
of laying the skin.  In either case, the precantions
us to slope of searf, gluing, and pressing that have
been dizenesed previonsly should be observed (@ec,
5.4102).

The amount of corvature moy be so great that
flat plywond sheets caunot be conventently bent to
the required shape during the operation of laying
the skin (sec. 5483). Iun soch eases it will ba
found desivable te bend or preform the plyweod

HEE T —G 17

sheet {o approximately the desived shape before
attaching it to the frame. Tn some cases 16 may
be necessiry o use shells of maolded plywood
rather than to gttempt to bend o flob piess to the
desived shape.

Oecasionally the surface of the plywesd may be
glozed, show bleed-through of glue, or possess
other characteristics that make it difficult to gloe
(sec. 5.27). Ordivarily these conditions can be
remedied most ensily by lght sanding, The use
of o paper ue coarser tlhan a ¥o, 4-0 garnet is ree-
oiiended for low-density species and no coarser
thun No. 30 garnet for high-density species.
Cnly a small amount of the surface, nsually nob
more than 0001 ey, needs to be vemoved, and in
w0 ense should the sanding decrease the thickness
of the face ply by move than 140 percent. I the
airera{t manufacturer enconnters trouble in see-
andary gluimg to plywood aurfaces, the subject
shonld be eonsidered with the plywood mnnufac-
turer and efferds made te eliminate the troulile
ab the souree,

BATL Afteching the slin. It ts important that
all details be plonned and areapged carefully in
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advance to avoid the danger of exceeding permis-
sible assembly limits of the glue used.

BATIO. e gpesad, The gloe usually s
sprend on the contact surfaces of the frame and
oeeasiohally on both surfoces, Ovdinarily, the
spreading i3 done by hand and the natural ten-
deney 15 4o spremd more gloe than necessary, 2o
that the main precantion i3 to insure that all aur-
foees are eoversd, Overspresding, however, 1s
not gpond proctice becanse it resuliz in excessive
sruesze-out, which may later be loasened and plug
drain holes e grommets.

54711, Assembly #ime. The interval between
the start of the spresding operation wnd the com-
plete application of the gluing pressure should
eonform to previous recommendotions (secs 524
and 5.404). In applying the skins to the larger
azaemblies for the Grst time, it may prove diffical
to keep within these limite. This emphasizes the
need for coreful planning and sugeests the train-
ing of crews on amaller assemblies before moving
them to the larger and more complex units,

5AT1Z, dpplication of presswre,  The simplest
method of applying glung pressure is by the nse
of naila, either with or without noiling strips. If
the nails ave to be withdrwn later, the nae of o
nailing strip (fig. 5-50) i almost a necessity, bot
in sonue enges the nails are not withdrawn and no

nuiling etripa pre weed,  Nails sel in mailing strips
prepaved in advance plso speed the assembly work
and reduce the danger of extended azembly pe-
rieds.  If nailz are used, the spacing should eon-
form to previons recommendations. For most
plyweod sking, o spacing of approximately 1 inch
12 satisfactory, witli one row of nails for each one-
half inch in width of framing member and with
the nails in each row staggerod with respect to
naile in adjncent rows. The length of the nails
should be sufficient to reach at least three-eighths
inch into the heavier supporting members, but they
ahould pot penetrate throngh the lighter supports,
Some manufacturers have found a nailing ma
ehine of considerable convenlence in praparing the
nailing strips. The machine can be set for the
dezired nail spacing and adjusted merely to stort
the noils into the strips. A uniform spacing is
thus asgured, and one sperator on a nailing ma-
chine saves the time of several in preparing the
strips.  Nailing machines have given some troubls
i feeding the small pails, but one operator solved
this difficulty by attaching a small magnetic vibra-
tor to the feed box,

A tenston clamp, ilustrated in Ggure 557, may
be used to hold the leading-edge skin in intimate
contact with the ribe while the nailing strips ave
applied.  Cotton webbing approximately cne-half

TACKING STRIPS IF
FOR GLLUE PRESSLFE | i

KIN  SCARFED T
RECEIVE MEXT
FLYWCOD  SKIN

ALwoon
DOUBLER

Figire §-30. Atlaching the plpeeod ghin fo o fuscloge frone
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Figeree 555, Codton wobbipg wnder nailby steipe fosilitefos remetal of fhe sirips aud aais

ineh wide is often used under nailing strips to
facilitate vemoval of the strips and mails (g,
B-68). A simple devioe illustrated in fizure 5-50
hias been found helpful in removing the nails and
brrgloen nailing sirips from webbing so that it may
be Penized,

In nail-strip glung the lager assemblies | A
B-ati), the plywood skin is tacked lightly at one

corner, then adjusted and tacked lightly in the
opposite corner, inspeeting carefnlly to insnre that
the skin is proparly positioned,  The first place-
ment shoull e as nearly exoct as possible,
moving of the skin over the frame should be rve-
dueed torn mindmum.  Otherwise the glue that has
been sprend on the Trame moy be scvaped off, ani
the amount remaining may be inzoflivient to form
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Plpwee 2=00. Device for vemoving nails and droken naitimg atvips from woebbieg,

& good joint.  In small assemblies (fig, 5-56), the
cover may be atéached fret nlonge one edge,

When the plywond hos been fastened lightly in
its proper pesition, o nailing strip is laid over
ane of the prineipal supperts angd nailed in ploce,
the nailing procesding from the center outward
to avoid wrinkles and bulges in the skin and to
aid in flowing the gloe to a thin film.  The nail-
ingr strips shonld be cavefully alined to insure that
the nailsstrilee the support, and the nails should be
driven fivmly inte place. Severe blows of the
lwmmer that leave a definite crushed spot on the
nailing strip should be avoided. Several light
blows that lenve the nail head fush with the noil-
ing strip ave recommended in preference to a
single hard blow, In wing structures, the first
nailing strips will ovdinarily be laid over a apar.
Tu the fuselage the first nailing strips may be over
wcentral longeran or fuselage ving,  The second
mailing strip is wanally laid over a support running
at right angles e the fivst nailing steip.  The sue-
eessive strips are then nadled in place, always
worling from the aren alveady attached, as from
thee eenter outward or from the top down, in order
to permit the slin te assume the shape of the
supporting frame without buckling and to assist
in obtaining a thin, uniform film of glue (fg. 5
86},  Enough strips must be used, of course, to
cover the entive snrfuce of meinbers supporting the
akgin, IHeat lamps ave sometimes nsed to acceler-
ate the setbing of glues on assemblies of this type
When sueh lamps sve vsed, it is important that
Tmmmidity be controlled to prevent excessive drying
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of the wood. The use of heat lamps to aceslerate
setting of the glue 15 not recommended uules
humadity is lilkewize controlled. A device or ae-
celerating the setting of secondary glue joints oo
a wing tip is shewn in figure 5-60, High fre
fuency units with electrodes of special design have
alzo been nsed.

When the making o a sear joint is & part o an
assembly operation (fig. 556, roow-tem perature-
setting glues are suggested as the most gnitable for
the purpege. A nailstrip gluing fechnique is
usuatly nsed. The size of nails and nail spacing
will vary somewhat with different operations, bat
twe vows of nails per inch of width is suggested,
with a nail spacing as reconunended earlier in this
section.  If rapid euring of the glue i= essential
to production schedulis, it may prove convenient
to necelernte the zetting of the glue by the uze of
moderately elevated temperatures applied after
the parts have been nwiled in place, Resistance
elements, often fastened in place by the nailing
strip divectly on the surface of the plywood, ae
suitable for the purposs, provided the time-tem-
perature eyels used is regulated to prevent dam-
age to the wood or gloe.  Lamps and warm rooms
tuiy also be nsed if provisions are made to con-
trol the relative humidity in ovder to prevent ex-
cessive drying and consequent moving of parls
during the curing period,

The design of plywood skins for pircraft some.
times colls for jomts to be made between skins
of ymequal thickuess, Figure 5-61 illustrates two
methods of forming these joints between the main



Downloaded from http://www.everyspec.com

two prongs of ench support or caul, The supports
ave aften lmed with strips of rubber to provide o
move nearly uniform distribution of pressurve. 1f
guch o deviee is nsed, the gluing presures should
be calealated o the basis of the actnal gluing aven
aned they should be approximately 150 ponnds per
square inch or the maximum pressore that the
frmime will withstand, whichever is the smaller,
Another deviee for applying gluing pressire in
covering wings is illustrated in o, figore 5-82, Iis
nse reqoires the consiruction of & jig to hold the
wing frame in place and to provide for the attnch-
ment of the wetal pressing frame llusteated at
the loention of each rilh,  The gluing pressure is
abtained by laying o eanl, eneved to the shape of
the wing, over each vib and applying pressuve by
tightening the sevews, The deviee iz most suitahle
for assemblies in which the vib gpacing s com-
pavatively large and the wing ribs heavy.

Wiy FRAME

Beversl types of gluing jigs employing heat and
sormetimes fuid pressore are used to attach the skin
to the framing members of wings and Mselages,
Uross sections of two types, both utilizing fluid
pressurve and heat, ave shown o & and £, figure
52, and figure 563, The jigs shown in B, 5-62,
and 563 employ an extruded rubber tube that
exerts pressure and supplies heat from steam pass-
ing through the tube. Pure steam is used, and
there 15, hence, a delinile relation betwesn pres-
sure aml temperature corpesponeding Lo that given
in stemn tables, The jig illustrated in &, ligore
O-02, uses air pressure and nn electrienl atrip
heater. This areangement provides individual
eontrol of pressute and Lem peratuve to any desived
level.

BATIE, Beg presswes. Another wmethod of ap-
plying gling pressure to frame assemblics -
volves the use of vubber ags amd pressuves that

= PIETAL LEAMPWNG G

LETAVOED SLE8ER

FLYROGD JHER,

-

LAy o AR PRESSUIRE
HROAS NG A PRI ASMCE
AT R AT
PUSEER SWEEF
METAL aLinfe T s
FETANER O3 FRAEO0 Saady

THW METAL RE S TANCE

c ||

VENHEAD Kvg Al

MEATING ELLMENT /)f-’{ OoF SAdE
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Figre 505 Detdess for appluing glning  prosssce oid beod dn coverlag i gs,
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Figpupe 5-08, Deviee for ecceleraiing the saéting of secopdary glue foinds by meanz of head lompa,

wing sliin and the leading-edge skin, A, fignre 5-
61, shows o searl Joint in which the length of scarf
isequal on both skins,  The lengih of searf shonld
be at least 12 times the thickness of the thicler
shin. &, figwre 5-61, illusteates a modified buit
jeint in which the thicker plywood iz rahbeted Lo
receive (e thinner skin,  Tlis type of joint is less
desirable, particularly for plywood wings not cov-
erecl with falwie, as the finish is lilely to fail over
the Lot jeint.  Neither joint should be relied on
for the foll tensile strength of the thinner plywood,

5471, Special gluing jigs. Several other meth-
ods of applying gluing pressnre have been de-
vised,  Odften these methods reguive more or less
complicaied jigs, and some are applicable to one
particular eperation bt not to others, One of the
gimpler jizes is designed to apply gluing pressome

THIN WIAG SHY EARE MuwT

FAICHK

P8

A

LEAMNGENGE Shw

to the plywod eovering of the lending edge of o
wing. It comsists essentinlly of supportz ov couls
sef in o metal frame m a position eorresponding
to the pesitions of the rile in the lending edge.
In operation, the preformed skin is first luid in
place in the jig. The leading-edge frame, with
the ribs attached to the spar and with the sarface
of the ribs coated with glue, 15 then laid in the
formed skin and eo pesitioned that eacl vib s
bearing on a support ov caul in the jig, Gloing
pressure is obtained partially by applying pres-
sure pgainst the top of the spar. Pressare =o
applied rescts principally againet the nose of the
curve, while pressure against the sides is relatively
low.  Pressuve against the sides iz bronght vp to
satisfactory magmitude by the use of clomps or
other deviees to exert an inward pressure on the

SPABBETED SONT
EANNG-EO0E _‘iﬂfh'j,)’ ‘)ﬂfﬁﬁ SHEN

—= 1

N

\

JFPAR

8

Figuve §-61. Two methods of ferming foinde bobioren sbing of umegual thicences, A, searf joint {n olick the leagth
of seory iz opiwel o Lotk eling, B, modifed bedi joind in ewkdel fhe Hicker plyeocd i vobbeled to reesive

the theinner skin,

255



Downloaded from http://www.everyspec.com

S -1 s e N

FPiowre §-64, Bleam-teedod fovseset fig waod 19 aflach plpttead akin lo Fromdug acmiars

ean be obtaimed by drawing o vacoum on the bag,
I this operation the entive skin, preformed (o
approximate shepe, is fastened lightly in place
over the frame, the bearing surfuces of which
have been previcusly coated with gloe. A series
of alats somewhat rezembling the arangement in
a voll-top desk s lad ever the work, with the slais
ronming ab right sngles to the wing riba.  The
entive assenbly is then ivserted in o mbber bag,
the end elosed, and a vacnum drawn on the bag,
Since the aven of the Lenring surface of the ribs
iz amall commpaved to the total ares of the wing, the
vacuim pressuve will be moltiplied several tines
o the benring snrfaces of the rils, and the amount
of vacuum must be regulated aecordingly, Over
the spars ar other members that are parallel to the
slats, however, the pressure in pounds per square
inch way not execeed that indiented by the vie-
wum, and additional pressuve from clamps outside
the bag may be necessary on these areas. The
method is somewlot limited to constructions in
which most of the framing members run in one
direction amnd in which the bepring nvea of the

frame iz small compored te the total surface aren
[n applying the method it is essential, o orvder te
prevent depressing the skin belween vibs or ather
supports, that the slats be velatively stifl,

4.4715, Precawdions ageinst wuncontrolled pres
suras and fead.  Tn zome special secondary gluing
operations it 15 necessary to gunvd ageinst appli-

Ceation of high uncontrolled pressores. Small,

softwond menbers can ensily be crushed by ox-
cessive pressure,  Figore S<64 illustrates a means
aoinetines used to apply controlled pressuve to
such small pavts, the force being applied by re-
lensing a compression spring.  This type of clamp
hos the further advantage that the pressure will
b velatively nnaffected by a slight shrinkage of
the wood due to loss of moisture if the glne joint
ig seb rapidly by the application of heat,

All heated azsembly-gluing jigs and special
prresses heated from one side only shouold be eare-
fully checked before wse, and at definite periods
theveafter, to muarantes temperature conditions
adequate te cure the ghe,  The most accurate and
convenient method of making this check is to in-
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Fignre 5-04. Springleaded clesiping doeice.

sert thermecouples in the glue lines in queation,
being sore thal the gloe line farthest from the
source of heat is checloed.

64716, Presswre period. The gluing pressure
ghould be mointained for at least 5 hours at 75°
with resorcingl glue and at least 4 hoors at 70° F.
with eold-setting vrea-vesin glue.  The pressure
period may be deerensad if squipgnent is available
bo radse the temperaiore doring the coving period,
If nail-strip glning has been nsed and the nails ave
to b removed, it s desivable to allow 7 hours at
75° F, with vesoreine! vesing and 6 hoovs at 702 .
with cold-setéing urea-resin gloes

SATIT. Fival conditioning,  After the skinning
operation is completed, the moistore added with
the mlue should be allowed to diffuse before the
final sanding or surfucing preparaiory o apphy-
ing finigh, Under normal room sonditions, this
will require 2 to & days, but the proeess may be
aceelerated by moderate heat g0 that un extended
conditioning period may be wnmecessary unless
exeeptional freedom from irvegularities s essen-
tinl,

5.5. Temperoiure Measurement

AL Geseran, For the measurement of tem-
Peratures, such as voom or wet- awd dry-bulb tem-
peritures for lwmidity control, ordinnry glass
stem thermometers of good quality are entively
eatisfactory as indicating instruments,  The wick
of a wet-lulb thevmometer should be voistened
with clenn water (distilled if avwlable) and
whirled or held in o rapidly moving stream of air
until the wet-bulb temperature reading has beeoine
constant,  Wicks shoulil be venewed before they
become encrusted with mineral deposits,
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Whete room temperniures are eritienl, record-
ing instrinnents arve naeful in adjusting controllers
phed in providing o permanent record. Various
types ave pvailable, some of which can be noved
from one depurtment to another to checlt con-
ditions within short periods of time.

A01 Tuemmocouries A number of tempers-
ture measurements can he made most convenisntly
with thermesouples, which consist of fine wires
of twoe different metals, wsually copper and eon-
stantan, for temperotire measurements in proe
ety wond,  Constantan is g special alloy of very
glable properties, When a loop is made of two
sneh wires and the junetions of the wires are at
differont femperatures, an electromotive fovee is
seb up in the loop which 15 dependent npon the
Linds of metal nsed and the diPerenes in tempern-
ture betwesn the twe junctions, Differences in
elestromotive force, usunlly translated into o tem-
peruture seale, are oltained by a convenisnt port-
able potentiometer,

Thernweouples are especially useful for maling
bemnperabiee mensucements in ploces maccessble
by other methods, particularly in gl joints aud
the like, Thev may aleo be usad to check e pera-
tures in varions parts of dey ldlns, The actual
temperature measneement may be made at zcme
distance from the point at which the thermoconpbe
is lovated, Leads from anumber of thermoeouples
may he browght to o central switehboord for vead-
ing (fig. S-6a).

Thermecouple wire s mude from metals now
diffienlt to obtain and sinee wartime nses of ther-
moeouples have greatly increased, it i3 necessary
to ponserve the wire in every possible way, Ifa
large number of thermoeouples are to be read 2ome
distance away, o single or common constantan lead

&
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may be nsed for the whele group.  Thermeconples
i be made of fine wive (Moo 30 or somewhat
finer) and may be cut off and left in the work
without damage to woodworking tools or the
mechanieal strength of the parts being made. Tt
way be obtained bare, enameled, ov enamelsd and
cotton covered,

Long leads may be aveided by the nse of the
thermuocouple extension connection shewn in fignre
6. This deviee not only conserves 1hermo.
eouple wire but affords a ropid means of conneet-
ing the potentiometar to the thermoeouple. Tt has
been foumd advantageons to cement the two wires
together by stretehing 20 or 23 feet oF more of
wire between too points and cementing them to-
gether with a rapid-setting nitrocellulose glue such
as ordinary houzehold cement,  The cement s
placed in o folded poper and the wires passed
threwgh the eement.  The wires ave separated for
i short distance ot the ends and then possed
through a previously perforated paper boawd as
ahown at A in fgure 508 and twisted as shown at
B 0 and P oarve finished connections with the
copper loop throngl the paper on one side and the
eonstantan on fhe other,  The wire covering is re-
moved from the exposed wire by lightly fling. A
sl wood pin iz placed under the exposed wire at
D merely to give it a little better elevation.  An
ordinary spring clip is used to male the connection
ng shown at K. The thermocouple wite is carvied
out to the jows of the elip, wrapped elosely arounmd
the jaws which have been previonzly flottened and
eamented together with nitrocellulose cement.
Adfter the cement has dried the mside faces of the
jaws ave filed to expose the copper and constantan,
Baoth the conneetion and clip shonld be marled so
that the latter may be properly attoched. Since
the wires are directly eonnected no error can be
introduced by handling the clip.

Most portable potentiometers ave equipped with
temiperature-compensating  devices which malke
unnecessry the use of o constant temperature ot
the cold junetion.  The nse of these mstruments
15 not difficult, but o few points should be borne
ine gl by Lhoze who have not Lo experience with
them,

L. The working voltage should be adjusted
with the standard cell when mensure-
ments are o be made and thereafter at
intervals frequent enough to maintain a
uniform working voltnge,  Instrucetions

for making this adjustment vsually ac-
company the instrument,

2. The potentiometer should be nsed in o pros

A,

tected place wheve the surronnding tem-
perature will be as mniferm as possible,
Radiant lieat from hot presses, ovens, or
divect sunlight should be avoidad aind
the compensating devies may not funs-
tiom aceurately under snch conditions,
Likewise, if an instroment is talen fram
a localion at one temperature to one ot
another  temperature, the instrument
should be allowed to come to the approsi-
mante tenperature of the space before it is
usad.,

The covering and enamel om the wire
shonld be corefully removed where the
junetion is to be made,  This can be done
engily by holding the wire in a clamp and
pulling the ends through fine sandpaper,
after which the wire ends should be wiped
clean and twisted tightly together.  For
ordinary use the twisted tip will give a
satisfactory contaet ; if the thermocouples
nre to be used o lomg time in an inacees-
sible place, however, they should be
dipped in hot solder to malke o permanent
contaet. A long twist is wot necessary
or desirable, ns the temperature meas-
ured 15 that at the point where the two
netals fivst come in divect contact atside
of the loop.

. The thermoconple junction at which the

temperatire 15 o e mneasured should be
placed in a critical position in the worlo
and the lends corried out toa point where
a conneetion cnn be made or to o central
switch if o large number of measurements
arve fo be made,

. Only the kinds of wire and the ealibration

for which the potentiometer is desigmned
ghiould be used with it.

. Where strip henters ave uzed the thermo.

conple junetion shonld be in the rioe joint
and so arranged that the wires will oot
eomi in eontact with the stp heaters.

. Burface temperatures may be measnved by

recesging Lhe thermocouple inte the s
fure anel securing 1t in place by pressuve
or by means of a suitable adhesive.

. The nse of jacks and clips of different

metale from the thermaconple wire far
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switehing purposes will not introduce an
error 1f both connections to the thermo-
conple wire nre ob the same temperature,
If one emd of o elip 15 connected closely
tooo thermoeenpple wire in a heated part,
however, an ceror in the tempersture
repding will resnlt,

5.6. Muachining, Bending, and Other Wood-
waorking Operolions

S0, Gomemar,  Among the Dmportant classes
of properties that affect the general utility of any
wisnd pre s machining properties, which embrace
all woodworking operations.  In these, as in other
elasses of properties, diffecent woods vary widely
mnd a given wood may give good resnlts in some
operations, fair in ofhers, and poor in still others,
The “worlability™ of any wonod, therefore, cannot
be judged by one operation, but depends rather
npon the gummation of all of them,  Inany o)
ation there are several factors, both i the wood
itself and in the mochine, that affect the resulis,
and these results may be good or bad depending
upon the conditiens wnder which the work was
done.  Some woods machine well under o vela-
tively wide range of conditions, while others are
handieapped by the need of exacting technignes if
oo vesnliz ave Lo be oldained {(5-38).

If the machining operation mvelves the prep-
arntion of a surface for gluing, the stock should
be conditioned to the proper moisture content for
gluing before the surface 15 machined (sec. 5.28).
The two pieces making up o scarf, for exomple,
should be as pearly s possible at the same mois-
ture coutent at the time of gluing; o varintion of
approximately 2 percent 1= the maximum permis-
gible.  Any machining that is done following rlu-
ing should be preceded by enflicient conditioning
to obtain a uniformly distributed moisture content
in the member that will approximaetely equal its
avernge moisturm eontent in service {sec, 50100,

Most of the machining operations required in
fubricating aireraft parts can be carvied ount on
equipanent that is vendily available in woodwork-
ing plants, In many mstances, standard equip-
ment ean be nsed divectly; in otlers, it can readily
b adapted and supplemented by jigs and tem-
plates for the making of such parts as spars, ribs,
wing-tip bows, and the like

SBome operntions, on the other hand, do requive
gpecial procedures, sither in the way of speeialized

262

equipment or specipl technigues i manmfactore,
Such operations are described in grenter detail in
the followin pararaphs, and emphasis s plaeed
upan the points vequiring partienlnr attention

AL Crorrrse Scaer Joisrs, The use of some
means of joining wood together to form long, con-
tinuous members in the grain direction s neees-
sary whenever the length desived is such that it
excerdls that commercinlly available n o single
rieen, or 15 desivable from the standpoint of naing
short lemgths of otherwize good materinl.  Thas
applies to etther solid wood or plyweod ports,

The most satisfactory means for accomplishing
this purposs, partienladly for selid wood, s a
properly made und glued eenrf joint.  Searf joinis
have been succeszfully made at various slopes
ranging from 20 to 1 toassteep ns 8o 1. In men.
eral, other conditions being equal, the stesper the
elopre the lass waste in the eniting of the senrf,
bt the move diffienlt its glning and the weaker the
resnlting joint.

5.02, Bosnrrwe Sovmn Srock. The most impor.
tant single itemn involved in the making of a scarf
joint 15 the machining of the seaef smrfoce, TF the
two searf anefaces have the proper slope and are
smooth, troe, and aceonrately fitted, the gluing can
be done without difficnlty, If the snrfaces are not
aceurately fittad, jointa of the quality esential in
piveradt connot be axpested,

The slope of the searf may depend on how
Tighly the part is stressed, but o slope not steeper
than 1 in 15 should be used for all stressed parts
[Eec. 24100,

The slope of giain with respect to the scarfed
snrfaces may be greatly inerensed or decreased if
the material to be spliced ia cross-grained, depend-
inge on whether the et is made aeross or with the
grain.  All searl cuts shonld be made in the @en-
eral direstion of the grain, as illustrated in figure
B-@7, sinee the greater the angle the grain makes
with the senrl the more difficult the surface is to
gloe (sec. 241117,

The laminations in the solid wood members of
pireraft n=nally requiring senrf jointa are neither
nnnsunlly thick nee wide; consequently, the scarfs
ean generally be prepared on some standord wood-
working machine by the use of special jigs.  Some
of the most commonly nsed methods are deseribed
here,

G200 Flener. Figure -G8 ahows the entting
of o zeart joint on an ordinary single-hend cabinet
planer.  As the stock passes throogh the planer it
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A INCORRECT

= ____:;———1&—-—-%?}—
8 INCORRECT

C CORRECT

.Il'lll:}.l.'."c' 561 Conendoradior af preds direction kel fwaking soarfieg lomdnalions wilh croes groedn, e elope aof @ ain i

the Inoduedions bodeg willdn fhe pormisgible Woifofiong of specificatione.

is guided and held at the proper angle by o heavy,
three-part supporting block, preferably made of
hardwood. The centval pertion of the block is
herizontal on the bottom, beveled on the top to the
desived slope, and is as wide as the materin] being
searfed,  To prevent the stoek from moving side-
wige a5 it passes through the planer, two vails,

§ S
- oA T

=

Arrmivs thaliomie et dinod o,

equal in Leight to the greatest thickiess of the bev.
eled central portion, are bolted to it, forming a
channel with a sloping bed.

The bed of the planer is set low enough to allow
the guide bloel bavely to pass through, The mate-
rial to be searfed is laid on the beveled mwide, as

llustrated, and fod through the planer. By one or

Fignreo 5-68, Cutbing o genvf foint on an oedfivneg sfagie-fead oebleed plener.
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more trips, depending upen the thickness of the
lamination and the power on the cutting head, an
accdrate senrf can be ent. To reduce the number of
passes, the seprf may fivst be sawed to approximats
ahape (sse, 5625),  Any tendency of the stock to
slidle way be prevented Ly placing sandpaper
rosin, er small metal spurs on the beveled surface
of the jiz. The spurs may simply be small nails
partially driven and sharpened on the protroding
end. Ib is impertant to place the pieee in such a
manner that ite end coinciles with the end of the
sloping surface of the jig, so that the scarf may
tuper off to a feather edge, Tt iz necessary Lo sup-
port the fres ends of long pieces so that the work
lies tightly against the slope of the jiz and does
nof bewr up, cavsing the alope of the cut to change.

BG21, Nhaper, T the stock to be scarfed is less
than & inches wide and not too long, the opera-
tion way be earvied out on o vertical spindle
shaper equipped with straight knives (fig, 5-69).
In this instance, the jig is arranged so that the
guide runs pgainst the collar of the shaper hend
andl the piece being worked i3 held at the degired
mngle to the path of travel. The piece being
searfed is securely elamped to o jig cof to a large
radivs of curvature to prevent lifting of the end
of the piece.  Asin the planer operation, the final
enf shonld be light, movement {or slippage) of
the pigce with velation to the jig should be avoided,
the piece should be placed to taper off to a feather
edge, sl the free ends of long pleces should be
supported.

0022, Jaintar, A hand-feed jointer having long
tables may be used to produce aecurate searfs
when equipped with the proper jig. One sug-
gested type of jig iz shown in 4, fguve =70, Here

again it is impertont that the jig be equipped
with proper and adegoote clamps to hold the piece
Armly in place, The searf eut should be made in
at least two trips over the head, the final ane
Deing very light.

BG4, Pensner. On thing but relatively wids,
materinl it has been suggested that o single-end
tenoner oy be quickly converted infe a satis-
factory machine for cutting searf joints. A shketch
of thia schems i3 shown in B, figare 5-T0, as ap-
plied to & tenomer having nontilting heads,  1f
the heail con be set ol an angle, the piece mny be
held in a hovizental jig. Tenoners of this type
bave heads not longer than about 7 inches; there-
fove the maximum fhickness of material on o 15
to 1 searf would be about three-eighths inch.
Hince the travel of the cotters iz aeross the grain
of the wood, considerable care is refuired to pro-
duce o surface of the requisite smoothness, The
gpiral knives with which tenoner heads are
equipped are advantageous in this respect. A
“back-up” bloele may be vecessary fo prevent
splintering ag the knives leave the ent,

G624, Vertiond eutter-head  zearfing machine,
A special mochine for entting senrf joints on
laminating stock is illustrated in Agove 5-71. The
stock 18 held rigidly en o stationary vacuum bed
while the cut is made with w high-speed traveling
catter hewd. The cotter head prodoces o searf
el that resenbles & smoothly sawn surface,

5,625, Saws. Searf joints ean, of course, be
ent with saws, but to producs aawed surfrees that
will Form a good joint requives ynuwsnally good
pijuipment, mointenance, and operation as well as
eareful inspection.  The degree of care vequived
bo produce satisfoctory gloing surfaces divectly

APPRIEISATELY 30 S RADUS

SHAPER HEAD

SURFACE OF L
ROUGHING CUT, y;

J{G
DG RAMMATIE TOP WEW l

i

] e et

Figura §-60, Boofing oporoiion an o vectlend apindle shaper
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THIE FART OF WG
ACTS AS CLAMP

,.*'{HEEE BEING SCARFED

Figiwee 5-50. Seorfeg, A, joinder,

FIEEE SEI
L OOWN BAR

1
,«;’ ey /"
e )

SCAFFED

JiG

ROLLING TABLE
TLOWER TENONER MEAD

B

Stock @ clamiped o imoliwcd fiy cud prssed over jodindér hood,

Final pras i& HWoAl,

to prodioee slroight end; B, siwile cud-tenoner adopted with deceled fig ond hold-fown bor fer soorfing.

from a saw is not ordinarily maintained in pro-
duetion operations, and the average spwed surface
is likely to be “fuzzy” and rough, with a consid.
erable aonot of tom fiber which tends to pro-
duce weak joints (sec. 5.21). Sawing of the final
gluing surfaees shonld be avoided wherever pos-
sible. :

AGS Beaprivg  Pryweon, Preparing  sewf
jointz in plywood offers preater diffienlties than
in solid woed becanse some of the plies ran at
right angles to the direction of the eat. The
pieces are too wide for mest plamers and the ent-
ting, covsequently, 15 nsnally done at vight angles
to the grain of the fuces, ndding to the diffienities
of feathering off the scarf to u fine edge.  Searf
joiuts in plywood aceordingly are sometines pre-
pared with lhand tools. The searf cut, which
should Tave o slope not steeper than 1 in 13, may
b madle with a plone, electeie sander, saudpaper
block, wide sgpokeshave, or seraper after first

firmly elomping the plyweod to asolid flat surface.
In thick plywoed, the rough eut iz sometimes
made with a table saw and the scarfed surface
finighed by hand.

5,630, Hand plans soarfing device for thin ply-
wasd ewd veneer, A hand plane may be eon-
verted inte a manvally operated scarfing tool by
menng of a suitable poide as ustrated in A, fgaee
G-7%, For eutting across the greain, however, it
is necessury to grind o slight back-bevel on the
hlade as indicnted in &, Grove 572, Tt is also in-
portant to grind o perfectly straight entting edge
at right angles to the side of the blade instead
of the customary slightly corved cotting edgze,
This device cperates most salisfactorily on oue-
sixteenth- to one-eightli-inch plywood,  The max-
imum length of searf i= Hinited by the width of
the blade, and seldom exceeds about 914 inches,
A shorter searf may be made by the propec ad-
justinent of dapth and smgle of the blude (o and

265
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bl ki bR

Figwee 570, Vertiool eallordead scarfiog mackinog

b respectively in A, g 5-72),  The metal guides
(o of A fig 572} between which the plane oper-
ates prevent lolernl movement.

5.081. Traveling suttor-lead searfing mackina,
One type of seavfing machine which employees a
troveling cntter head to cot scarfa on plywood
pauels is shown in figoee 575 This is wot a
standarid macline but was specially boilt, perhaps
From the pavta of a venesr jolnter, to perforin
the scarfing operation,  The maxiimum thickness
of plywood whicl it will ect is determined by the
length of the cotter head aml the minimum thick-
ness by the effectiveneas of the hold-downs,  These

266

Hmits are probably about three-fourths and one-
gixteenth inch respectively,

5032, Sww-segrfing mechines,  Another special
searfing machime in which a large henvy saow cots
the geavf 1= shown in A, figuee 574 This iz alse
an adaptation of a veneer jointer.  The limits of
this machine are about the same os for the teavel-
g cutter-lead machine, and the accurmey and
sieothiness of the cut depend Tnrgely vpon effec-
tive hiold-flowns and proper saw condition,  Fre-
quent sharpening of the saw and constant atien-
fiom o the surfaces produced ore necessaty Lo as-
sure satisfetory surfaces for sluing,
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FPLYWA0N
2URFACE %

o, -

Figwre 572, Howd plowo for zomefag in plywsad ond vometr. A,
T boekdeeel of dhe plase Wode shonld smake on sugle of epproclmately T5° wilh the bed of

enfiing angie,
ther pliane,

A henvy-duty, slow-speed, vertical-zpindle
shaper con be converted into a aatisfactory seavfing
maehine Lo plywood ns shown in the disgram-
matic sketeh, &, fipue 374, The knife callars
nve replacsd by larme stiffening collars for the
aow, DBy iilding an adeqoate sliding table of
wond fenming, (he plywood con be guided past the
Addequate and effective hold-downs in Uront
of and following the saw are important in obtain-
ing sueeesslol vesults frome this mochine,  Saws
wzed for searfing sheuld be ef heavy gage and it
15 advisable to side-joint the teeth Dehily fo assoe
syt b, nniformly cut surfaces,

GRS, Sander-dewm seavfing wacline for thia

L7181

arraigenrei? Jor eniiieg 0 BRefl B, dotall of

plyioad ard veneer. A narrow traveling samder
dram ean be used for searfing plywaosd and veneer
(fig. 5-78). When properly designed, this type
of machine is capable of making aeenrate seavf
euts on thin plywood and venear at all angles of
grain, Machines of this type hove been nsed on
plyweod as thin as 3, inch and on plastic sheets
Lo inch to 34, dneh o thickness, The practieal
upper it of thickness is about 14 ineh.  The
preper geade of sandpaper to use depends on the
thickness anid species of wood o the Gy pe of plostic
sheet to be gearfed, ot in general the thineer
pranels reuire fner puper. In ono case should felt
or other sofe back-up material be uzed on the dram
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SPIRAL-HMNFE CUTTER HEAD
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/

FLYWOOD
ﬂ\

TRAVELING CARRIAGE
(CUTTER SHAFT ADJUSTABL
UP AND DOWN AND FOR
AHELE OF SCARF)

Py

Figiee 573 Proeciing cetfer-Reod sodrfng uaohiee,

STATIONARY BE .EJ

e

AL D= DOWN
AR
FIFH'WEE MR R -£r T TING
| L L SAW
TABLE
MMASLE GF FIXED
— AT TN MOUNTED O
TNELINED CARRIASE
A AMOVABLE OF FINED

BELT) | VERTICAL SEINOLE
SHARER

DRIVE PULLEY
:‘:::':1-:::‘::::*::;:1-:-;:::;- - \H

Figere §-7§. peviel saw-sonrfey oachives. Paeod f2 befd rvieidly n position oo toble by kold-dowi.  Searf
is ent by woving teble post sao (L), or by moviey sew past dable (), Tt of saw or fable detornines siope

uf seerf.
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SdADER DL

A F a0
BEING
SCARFED

STELL BEL AV war

STATIONARY 850

PerWOOD AED

TRALM

Fipise §=7F, Heonder-Tei goerfog ageliee for il plywosd and veneern,

inder the snndpaper, as such matertal tends tao
prodice vounded edges ond inoeenrate seavfs, The
drumn should ke of some hard, stable material, suel
Az metnl or plastic, The use of aony type of a
sanding drum to male complete seart cuts on vela-
tively Lhick panels b= impractical becanse of the
lavge awounts of marerinl that mmst be vemoved
inn the forn of sander dust,  ITf most of the mate-
vial i vemoved by somme type of cotter hend or suw,
however, the finishing cot may be done aceurately
o A sanding drim,

G, Sender-dram scarfer for penser strips,
Strips of thin veneer have been scarfed by the use
of a small dismeter sapding deom and o movable
clamping jig, as mdicated in figoee 5-T6. The
pecuraey of this type of cutting device depends on
the flatness of the veneer and the precigion of the
drim and the alinement, guides,

S0, Refary plaser scarfing device.  Another
gearfing deviee which in principle is quite simiilar

to figure 5-T6 is shown i fignee 577, The veneer

SANDER DRUM

ov plywood being searfed i= passed onder a small
cutter hend, sometimes enlled a “rotury planer”
To inzsure that the end of the piece being ot is held
devwn, un additional narrow hold-down is provided
at the end.  The extension illnstrated in B, figure
67T, i& uzually left on to protect the fenther edga
ibil the plece s ready for gluing, when it is easily
braleen off by hand,

Gk Boormee oF Seape. Freguently, solid or
luminated gpars ave rectangular in ceoss section,
or ave merely beveled top and bottom, bot fo re
duce weight, may be vouted. Three types of
vouted spars (g, 5-T8) are commonly e ployed

e Constont eross section, I or O m shape,

B, Constant depth, but ronted in portions of
the Tength to form I- or C-slaped cposs
sections with fnll-width Hanges.

oo Waviable depth, with er without webs -
tially cut awny, a8 in {b). Tvpe (a) is
veadily formed on o molder or shaper,
Types (b} and {c} are conveniently

APPROXIMATELY] 3" IN DIAMETER AND 121 ONG

VENEER BEING SCARFED

HOLD DOWN |

BED —MOVES _»

B

STATIONARY BED

Fioure S-T0 Bmioloededtme soarfer for voneor,
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CHUCH OF DRILL PRESS
OR MILLING MACHINE

FOTARY PLANER
CQLO-D0WHN

VENEER BE/NG
SCARFED

HOL O-D0WAN

SLIOING BED

STATIONARY BED

A

0/ 0R LESS IN THICHNESS HERE
I —

DETAIL OF FINISHED CUT

3

Fignre §-77. Rofery ploner sorrfing maching for peicer and fhin plisood,

ol COmTTaNT EROLS = FECTION

¢ oI I T,

() COMSTANT BESTH

D=

[ch A RraBLE FERTH

Figiwre 5-T8. Thres comrmon fypes af roufed sparg,

formed on a router, with one bit of the (1) Partatationary on fig table; cuttmg done
proper profile for the edges and another by tools moving along edges,
bit, for removing the central portion of (2} Cuiting tools stationary ; part moved in
the cut-ont. frome past culiers

G5, Bivenima axn Proriaxe Srans, Sean 5,600, Spar profiling with band sow ond shaper,

Vrasors, axn Siiar Pasrs, During maomfae-  The methed in whish the jig table 18 stationary i=
turve, spars, spar flanges, and similar parts ave applicable to spors of all sizges, but i3 especially
mode slightly oversize, and receive their finished useful for large members which ave heavy and
shape—profile and bevels—in a final shaping op-  awkward to handle.  These ave clamped to a rigid
eration which leaves them veady for the assembly  stationary table whese top 18 o templite of the
of ribs or other contignons parts.  Two principal shape vequired to form the profile of the spar.

methods are employed Cutting is accomplished by hand saw  and

ra
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shoper, ag shown in figures 5-70 and 550, In
both instances the tool 1= earvied by two wheels
running on 2 eail, as shown in the figures, and is
goided by o wheel or collar running against the
edge of the template, The weight of the tool
Ieeps it in pasition while the operator moves it
fovward. An initinl vough cut is made by the
bond saw, which cuts the profile and bevels the
edges to appreximoede shape,  The finishing ent s
mmade by the shaper

The smeunt of bevel imparted to the edge of the
gpar depends npon e tilt of the cotting tool,
which in turn depends npon the Tateral position
of the rail with respect to the template. T the
rail iz situated o generons distance below the level
of the template, small deviations in its alinement
have an inappreciable effect upon the bevel,

Although this idea has been developed prin-
cipally for profiling and beveling spars, it is evi-

dent that it eould be adapted to performing the
same aperationd on other pavis, such os fuselage
rings.

0051 Jentowr planing of spor fonges.  Spor
Hanges sometimes vequive machinivg Lo specially
enrved shapes on the surfaces to which filler blocks
and spacers ave loter attached. This operatien
cant be accomplished quickly and acenrately on a
gpecially  built  traveling-heacd ocontour  planer
Ome design iz shown in fgure 581 The planer
head passes lengthwise over the flange and cots
while moving in either divection. The support-
ing carviage rides on two straight ways, while the
vertical movement of the eutter head is contralled
by o poller running on o thivd track, which is
contoured to produoce the proper fange shape.

0032 Spar profifing on o jeinfer,  Another
method of spar profiling empleys a jointer and a
frame in which the spar iz carried seross the

Flgaeee 5=-T8, Boapk colling profle and Secols on spav by ol seor moring on fomgdale fablo owd rail.

m
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Pigere 5-80. Finiak-oxbitng profle end bevds op spae b

§ shaper woviegy on aeme fesmplite folle and el dlles-

T
]

drafca w Gpuere o-TH,

jointer head, imparting the proper bevel and pro-
fila to the top or bottomw of the spar as it moves
along,

The frame consists essentially of two teack bars,
two fillers, end blocking, and boliz. The frack
bos are bopvds eur to the requived shape and fitted
with steel tracks appromimately 14 inch thick and
1 to 144 inehes wide, Track bars ave clanped
agninst the sides of the spar by bolts which pass
through existing holes iu the spar.  Taperad fill-
aIs aLe plaead Between e spor and the track bars
to maintain o constant distancs between tracls.
The methad is i(Nusteated m feure 382, which
shows the Trame azzembled on the sy sections
through the assemblage ot three points {8, fig, 65—
821, and the assemblage in position on the jointer

Lallers or curved -l__’llilll,' plates on which the

72

steel truceks move are attoched o the frame of the
muchine,  Their height 1= adjustable so that £hey
can be ratsed for roughing cuts aond then lawersd
tor e stop Por the final rilli:-c||i.L|".__" cut.  In ll]'lpl:':l.lil‘.ll].
the profiling assemblage is sinply pushed {rom
e to end past the jointer, which aotom |i'i|';|||.l.
curs ﬂw praper bevels and L Ers. The final
curved cut at 10" 35 not inelnded, but s loter
formed by hand,

If for the Bunl cut the goides are i a l:-nﬁ'il'iml.
eoncentric with the jointer head, the cut will ke
correct regurdless of whether the spar is kept a -
proximately lavel,

With properly shaped and positionad track bars,
U set of
traels Bavs enn e used to ,I_I.I|i||| the cut ting on beath
eilpes of the spar.

constant or varving bevel con be eot
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5653, -‘:l'-'"--'.-'-'"-'lr.f. beveling, and profling af wiba,
wing fremes and fuselage frames, Edges of ribs
must e machined to produce the desired contour
and & amonth, trie surface fo which the elin may
be fastened. If the jias and operating conditions
keep the parts well in line during the glning of
i, and if the structure is to be fabric-coveral,
o simple sanding of the outer snrfuces of the ribs
miay be sufficient,

O Cantowring with a rowfer.

I, on the

other laml, the jig does not hold the eap strips
andl gisser plates of the riba accnrately to contour,
wnd if the surfaces are later to be covered with
plywod, the final contouring of the wing rils must
be more cavefully done,  One method i3 ilnatraied
int figmre 5-83.  The vl iz elamped against o pat
tern and, thins guided, = bronght to the desived

Fipere J-EI, Travellopd

e bonr, [:l'.'l".'i.l..lllr\-'l:l' this operation should be car-
ried out with skill and care to prodoce o smooth,
trne surface to which the iy wond shkin ¢an be
glied,  After vouting, the ribs should move as
promptly as pessible to the final assembly to min-
imze surface |'|I:?|I|_£-L'!.- i sl ||_1' hin IEEE 1E ITIS-
ture content.  If a supply acemmulates, the rough
ribs shonld be store] and routed as nesder,

Profiling of
ribe may also be carvied oot on o shaper by e
uze of a jig. The partieulay armangement shown
m fignre 554 is for o vib whicl is attached to the
deviating shghtly from 07,
The riby i monntad o an inclined or bevel hlack,
the watio of Jiztance ¢ to distanes & being ad-
justed to give the proper angle. Rib and bevel
blocks are, in turn, mounted on oo template of uni-

50600, Condouring with g slaper,

spars at an angle

gl el oy ploadar,

3
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Sforan C-0

FECLTION 88

/r_ 1 ITELL TRACHS
—H

TRACK BARS

SPAR

PROFALING SRl
A PLACE ON SPA8

5

F— FLLEARS

HECTION a~4

Figure -8 Sper profiing: A, profiing mochiee de operedion; B, defediz of Jrome employged Tor profiing
aud beteling spard by moviee dpor poal e slebiolory fointdr

4
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SHAFER TASLE

——BEVEL BLOCK
TEMPLATE

T SHAPER HEAD

Flgwre 5-55. Profilieg vitkd with bevcled cdpes on ahapor by morrs of beeol blocks,

IQUARE-CUT EDGES

]

af
1
h
-
a

[TTEV N TVET)

Fignre  §-B5. Shaping

“floating.”  The gross irregonlarvities ave removed
with hand tools. Final alinement and surfacing
are done with sandpaper sttaeled to one gide of o
board of o lengih sufficient to extend over several
elementz of the frame. Considering the wing
structure ilustrated in Gguve 552, for exomple,
the deviee for flonting the ribs would be a boavd
approximately 1 by 4 inehes in cross section and of

76

BEVELED FODGES

B

bgr-pecticn  feembeyy  mesmbers (Bdge eeoddtlons of fhe puwasd g essgporricd, )

a lemith equal to ahout three-fourths that of the
wing, Sawlpaper is attached to one side and
sultable hand grips fo the other,  The device i3
laid across the ribe and wmoved more or less paprallel
to Lhem until their edges ave in proper alinement,
The swine method applies to preparving the surface
of the fuselage frame for attaching the plywood
eover,  If the vouting and atiaching of the ribs
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fovm thickness whaeh ia shaped to impaeot the exaet
prrsfile o the vile when the goide bleck iz mover
along the shaper collav, In this way anitable
bevel cuts oy be made on twoe edges of the rib

with a aingle bes el Dlock, 11 bevel cots ave to he
different at front and resv spars, Tor example, or
i top and botiom bevels are different, as is usu-
ally the case beconse wings taper toward their
tips, o sieomil bevel block 18 used s that the ratios
ot

dhistanee o uel & can be varied.

i b Hhaping bod —pecdion feoaudang aeembers,
The ahaped edges of bog sections may present an
nnsntisfactary g luing girfuce for aftochment of
the plywood ki due to chinges in meisture con
tene, dolling of the kuives by the glue line, and
vecovary of the fibers after shaping,  As o result,
thee plywood web may protrude sofficiently beyoml

wimgy wiha fa

IR TN T

e surface of the solid Monge to reduce the el
tiveness of the gloe bond between the plywaad

skin aund the Hunge of the framing membee, eithey

it the gluing operation o1 in sobsequent service,
Beveling or vounding the edges of the member as
shown in figure 5-85, either in o separare opern
tion o by grinding the prroper contonr in the
shaper knives, will eliminate this difficuliy,

Laree luminatecd
wing-tip hows ne sometimes contoured in o jig s
ilustrated 1 |i;j||||' a-8G, The bow s EJI_‘II] ['i|-||||l'.‘

between side clamps, while the contonr 15 ent by

3087, Wing-tip bow pragfiler,

either a [ [rlame ar q larme portable ronter

which runs on two peoperly aligned tracks.
5055, Floating. Thesurfaces of winge and fuse

lage frames shonld be teue and smooth, A com-

ton method of preparing such surfaces 18 by

75
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nre done with a sufficient degree of exoctness, the
flosting operation mwaey be tnnecesaary, partico-
larly 1f the cap steip of each vib 15 contiunons or
if only a portion of the surface is to be covered
with plywond, It wing ribs or fuselage rings con-
tain cut-onts, apecial cave in the fleating operation
1% requived to mmsure a frne surface e the vieamty
of the cut-ours,

A050, Centowr  diwm-sander  for  frameward.
A machine method that enables vapid and acenente
contouring of assembled air frames, such as the
atlevon and flat skeletow, is illostrated in fgure
G-57.  This type of machine will operate on any
frame of single curvatove, but it 1= doubtful
whether its operation will be sufficient]y weenyate
om very long seetions,  The frame being contonrel

15 mounted on o solid bed which moves under the
annder demm in such oo way that the stesl templates,
which are machined to the exact shape of the fin-
ished contowr, ran against ball-Beaving eollars an
the shafe of the sander deam. The aceurney of
the contouring will depend on the vigidity of the
sancler dewm wnd the proper contonring of e stecl
temnplates, Th F\.:'Llll]l.:ll:-r‘ft' should be attnched
divectly to the drom withont soft back-up ma-
terial,  Okeillation of the drom s o reflinement
which might add considerably to the life of the
sanclpaper,

. Bomse,  Good boving o aircraft ealls for
Doles that ave smoothly cot and troe to size. The
guality of work will. in general, vary with the
kind of wood used, trpe of bt and operatme

BALE BEARNG CINLARS ON JHAFT

— — SANDER ORI — —— —

FRAME OF "WTE.EME“EGNTHIHEE

SR NG
O MOTOR

-t

\ MOVASLE BFD
STEEL TEMELATES

a

b

Figure §-87, Vonfopr dram amwfer for adeorafl frgme work,
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conditions {532, In this operation speecial at-
tention ghould be paid to the stendiness of the
machines nsed. Az a rule, the harder woods bore
better than do the soft ones, which means that
extry core must be taleen with the latter,

Pogr boring often vesults in some croshing and
tearing of the wood immedialely around the hale,
which exerts some weakening effect on the wood in
addition to that rvesulting from the hole itself,
Faor smoath, elean-cut boring 1n solid wood the best
of many types of bits is probably the machine bit
with extension lips. A twist deill, preferably
machine-sharpened, has been found to produce a
ampootlier hole in plywosd thin 2 machine bit with
extension lips. The praper vate of Teed depends
upon the dinmeter of deill and the spesd, but
should be such ng to predoee only very thin
shavings, Manufacturers recommend periphersl
speeds of SO0 to $00 feet per mimute for twist dvills
of high-gpead steel when osed in wood.  The cor-
responding apeed of rotation (in revolutions per
minute ean be computed approximetely ps TAGO
divided by the dismeter of the dull in inches.
For cavhon steel deills, speeds equal to abont one-
ldf the above ave recommended.

Hales through w combination of plywood and
solid wood, sneh 02 in a boy spar. have been boved
acenrately by wsing o twist dvill slightly sonller
than the final size and veaming the hole to finel
size with n metal cutting renmer.

There nre many diffevent types of boving ma-
clines, the simplest being the vaviable spesd,
single-spindle, hand-feed type eommen in small
wooldworking establishments, At the other ex-
treme ave highly specialized boving machines de.
aigened for quantity production and enpable of bov-
ing in only a very few secomds o dozen o ore
holes of the desived depth, spacing, and angle
in each side of o plece af one operation,  The use
ol n lund-Teld electric dell guided by a template
aronnd the deill 15 not vecommended,

Frequantly it i= necessary to bore holes to very
close toleranee in alinement and position because
holes st eoineide with coveespowding holes in
olher ports, sueh as metal fittings,  Soeh boving,
furthavmore, must aften be done from both sides
to avoid the tendency to splinter wood s the bit
emerges, or Lo prevent the bit from wandering
tao muclh in deep holes,

Several methods ave emploved to weel these
requirenents
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1. Templafe: All holes are boved, either one
at o time or oll ot onee, by boring throough
a template having glass-hard steel inserts
to rudde the bit {fg. 5-838). Holes are
boved half-depth on one side, the pece
is reversed, a template clamped on the
other side, and the holes finish-baorel,
When the termplote gt be removed and
refastened, as deseribed, some means of
alining st be provided.,  One meihod
15 to bore one or two holes, either sepoariks
alining holes or members of a group, all
the way threngh and to use these holes, by
menns of pins diiven into them, to posi-
tion the template for the seeomd borving,
Another is to provide o template frame
which consists essentially of identical o
reverse-innge templites elmnped to both
gides of the steck.  Hales are firsi boved
theongh e template on owe side, thean the
assemblage iz veversed and loles ave fin-
ish-bored from the other side.

2, Fong deiffe: Sullicient drills are set in a
gang drilling machine to bove o number
of holes at onee in the desived locations
The moterinl to be bored 35 st in position
ot the bed, usually by menng of Lwo pins
which fit into alining holes in the stacle
Haoles pre deilled hnllway, the steck is
turned over and realined, and the holes
ave [inish-bored,  This procedure is feas
ible ouly when holes are svnonelvieally
mronpad about some axis.

CUne requivement for most borlng operitions
of this kind 1= that the opposite Taces of
the stovk mnst be pecfectly pavallel,
When this iz not the case, iU 8 necessary
to nge o parallel-gided boving frame, ov 1o
block up the stock duving boving so that
the two half lengthe of the hole ave in
perfect alinement,

Hales for bolts o bushings shonlid be boped
anly after a period of conditioning fol-
lowing the last gloing aperation on the
materinl throngh which they pass,  The
dinmeter should be sueh that the halt op
bushing fits closely but can be inserted
with the application of o wodsenie
gmonnt of foree,  No leavy driving
should be necessary.

347, Crrrmwn Gussers axn Crner Prvwoon
Pawrs or Conver o IRREGULARE Simare.  Gussets

g
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Fignre §-88. Teiiplate for boring apar sheer aovbe,

are of two types—patch and eontinnons, Baoth
find their greatest use in joining rib webs to mp
strips and in making aitachments such as those
joining ribs o spars. In any event, they ave
usually irregnlny in shape and ave apt to be zmall,
Both fypes of gusssts are generally cut by hand
sawing o vouting, but may be et by steel-role
dies and “clicking machipes™

When cutting s done by band saw or vouter,
a numnber of sheets of plywood pee stacloed v and
cut simultavesusly. TFor band sawing, the top
ahest may be marcked to pattern and aels as o goide
for cutfing the entive staclk, The shaping of cer-
tain enrved parts, such as long plyweod vib gus-
sets, can be done on o band anw by means of tem
plates and the deviee illustrated in fignes 554,
The template rides agninst smnll follow ping in-
stnlled fn the upper saw goide on either side of
the =aw. Praper allowanes for the digtance be-
tween the outer side of the pin and the inner
sicle of the saw s wade in Taying out the template.
A pavrow saw with considernble st is neeessary

/,.w.ﬁ-ﬂ-:.-w JAND-BAY SLADE

£ srEsL Pl o FOL LoV
CONTOLR GF TEMOLATE

Figueg G809, Bond sow itk demiplate golde for shaging
Iong plywoad rib geazela,

for cutting to a small radivs of curvatore. A com-
meveial devies of this natnre is covered by o patent,
For routing, a template s employed to guide the
router bit.
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Steel-rule dies consist essantially of thin,
sharpened steel strips set into the bed of n press,
the strips being bent to form patterns yielding
pigces of the proper shaps from o sheet of atock
when fhe press is elosed, When the dies ave
equipped with spring ejectors, the punchings ars
rupidly and easily removed.

“Clicking machines,” generally used for eut-
ting irregularly shaped leather pats, alzo employ
patterns made of shorpened steel strips.  Com-
monly, the patterns ave movable and are merely
Inid in place on the stock to be cut, each sheet of
which is different in size and shape, They can,
however, be fxed to the head of the machine to
speed up operations when the steck 1z of uniferm
length and width, as is pensrally true of plywood,

Cutting edges of steel-rule dizs and eliclking-
machine patterns may be single-beveled, either in-
ward or outward, ov double-baveled, depending
upon the type of edie desived on the fintsled
pieces.  In any event, one thickness of stock is
gencrnlly cut at o time, although, if the sheets are
very thin, more than one ean be handled simul-
taneously.

TFuszelage bulkheads or rings ave Irequently cut
out of eolid plywood or ulilize plywood webs
in eombinetion with other parvts. In either in-
stance, the plywood is mest easily cut to shaps by
routing, the nomber of pieces which ean be han-
abbeml at one time depending apon the thickness of
the mateyial and the length of the vouter bit,

&8, Forvariow  oF Conven Pasrs. Such
curved parts as fuselage vings, door frames, and
wing-tip bows may be formed by band sawing,
stenin banding, or lamimating,

G680, Fand sewing, Curved parts of either
simgle or double curvatore can, of course, be
formed by band suwing or otherwise shaping them
from solid weod.  If the eurvoture iz abrupt or
pazses throngh o large aongle, the piece will he
fragile and weal beeause the grain of the woad
will necessarily be at o lorge angle with the axis
of the member, Plywood is somewhat superior
tosolid o laminated wood for hand-sawed, curved
parts, but the handienp of eross grain is still pres-
ent, and parts of high strength cannot be made
in this way.

Fuzeloge vingz for planes of one model have
been made by band sawing from plywood with re-
porvtedly satisfuctory results in serviee, Excellent
utilization woas reputedly attained by cutting a
series of rings of suecessively deerensing size from

280

the same sheet of plywood and, in addition, using
amall seraps for other porposes.

Curved pieces or rings band sawed from ply.
wood serve snbisfactorily as shear webs in curved
members of L or box forms of eross seetions. Poarts
of single curvature band sawed from plywood are
leaz subject to change in shape with change in
maigture content than those formed in other ways,

BBl Sieam banding.  Steam bepding consists
of softening wood by steaming or some other
menng, nfler which it is bent pgwinst a form of
the required curvature, Hardwoods sre moch
better adapted to this process than are soltwood
species.

56810, Molsture content. Wood nt all stages
of sersoning, from thoroughly green to well aie
dried, has been vzed in various industries that
make stesm-bent parts, SBensoned wood with a
mrristure eontent not lower than 12 percent. geems
to bend as well when steamed as that at higher
moisture content, and its uze simplifies the seazon-
ing subsequent to banding.

6811 Selection of stock.  Preferably, stock 15
prepared so that the faces that are to become con-
vex o concave are flat saown,  This orientation,
besicles reputedly adding to success in bending, ve-
duces tha tendency of the curved piece to change
ghape with changes in moisture coutent. Clear,
strpight, grain stoel 18 veqoived,

6318, Seftening process.  The vsual conci-
Lioning or soltening peocess consists of steaming
at atmospheric preszure (steaming at higher pres-
gures does nol seem to be advantageans) or soaldng
in et water—ordinarily for sbout an hour per
inch of thickness of the stock, although it is prob-
able that a shorter pevisd will suffice in many
instanees,

56818, Penwion straps, In making severely
curved pieces, mefal tension bonds or strape {5
40 ave nsed on the side of the piece that iz to be
eolivex in arder to vestrain tension failore and to
eanse most of the required deformation to take
place a3 compression oy upset, the amount of
which iz greatest atl the concave nnd decreazes Lo-
ward the convex fare.

B0B14. Redius of cwrvatuve. When the wood is
propevly selected and properly manipulated, bends
with a vadins of ws small 03 three or four times the
thicknees of the pieee con be formed in snch species
ns the hickories, elmsz, amd ashes, Pieces with
louble curvaiure enn also be formead.

In wivernft comatvuetion, steam bending iz lilely
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to be nzed only for parts of relatively moderate
curvature that do not require the use of reinfore-
ing bands. Parts such as cap strips of some wing
riba can be formed by bending to the regoived
shape without preliminery softening treatment.
This is applicable only to parts that will be held
to the required curveluve by their attachment to
other members, since bends made in this way arve
not permanent and tend to straighten out.  Some
of the other methods of bending should be used
when the corvature is such that visible wrinleling
or compression failnres ave formed at the concave
face of the bend or tension failure ooours along the
convex face.

8882, Lominating. Curved members of highest

strength and giffness ave formed by Jaminating

thern from a numbeyr of pieces, each of which i3
thin enoingh Lo be bent to the vequired curvature
with mueh less distortion than 1= mvolved in
steam bending of a member of the sune size. The
members are formed by bending the laminations
and gluing them together in one operation {aee.
6487, Inminations being made sufficient]y thin that
ne zoftening treatment is necessaiy.

GGR2D, Material.  The moterial may be either
sawed Inmber or veneer, aecording to the thiclnsss
a5 governed by the rading of curvature. Bending
is facilitated and the use of somewhot thicker
laminations is possible if the stock is at a fairly
high moisture content. Om the other hand, the
maisture content before the gluing should be ad-
justed wherevir possible so that the moisture eon-
tent when inerensed by the water added with the
glue i= not more than 12 percent (see, 5209, The
amount of meisture added by the glue to thin lami-
nations is likely to be comparatively large (sec,
S0,

Awn advantage of laminoting is that some of the
henvier, harder woods may be used in parts of the
croas seetion where their qualities are desirable
ained the remainder made of lighter woods.

Although not substantiated by svpiluble data,
it iz menerally believed that flat-sawed lnmber or
rotary-cut venesr can be bent more severely than
edge-grained lumber or quarter-sliced veneer.
From the standpoint of change of curvature with
change of moisture content {sec. 22401, the use of
flat-suwed lumber or rotary-cut veneer i3 advan-
tageonus, since the shrinkage in the divection of
the thickness of lnaninations is theveby leasened.

6.6821. Required thickness of lomdnations.
Aside from the question of moisture content and

the fact that, ns brought out under ssetion 54320,
the moisture ndded with the glue Increnses as the
thickness decreases, the choies of thickness of lum-
inations i= affected by other considerations,
Under section 2466 it ig provided that, in corved
Nanges or box spars the radius shoubd not be less
than 500 times the thiskness of the lamination, und
gnch o limitation should be applied to other parts
gimilarly highly stressed. In laminated parts,
such ng wing-lip bows, whose principal funstion
is to serve a3 formers and as connections between
other parts, the principal considerations wre to
minimize the resistance to bending and thus o re-
duce the forcea that must be applisd and to avoid
braakage and loss in bending laminations,

When a laminated part of a given total thick-
ness is made up of laminations all of which are the
snme thickness, the foree requived for bending de-
ereases in almost exnel proportion as the number
of laminations is increased ; for example, the foree
i3 ppproximately one-half as grent for four
Li-ineh lominations as for two Li-ineh lwming-
thone,

Complets and systematic data are vot available
relative to the radii to which lumber and venesr
in o dey and unstesed condition and of various
thickness= ean be bent without breakage, In
bending nominal 1-inch ssuthern pine or Douglas-
fir of comstruction grades as laminations in avches
ane other lavgs curved members, it has been found
that the minimuwm radins that can be reaclied, in
material ot 10- or 12-percent meisture content
without tension failuve, is approximately 80 tines
the actual thickness. On the other Land, current
dats, some of whicl are presented in section 548500,
imdicate that for plrweod and veneer, the ratio of
minimum redins to thiclkness decreazses as the
thickiess decreases,

In the Tabrieation of lnninated parts on a pro-
fduction hasiz, it iz suggested that of least reason-
able fuctors of safety be applied to these estimated
breaking vadii in ovder to peduce the forves re
gpuired for bending and to aveid breakage or over-
stressing of lnminatione. AL any vate, the thick-
ness of the lanination should vever be so great
that Lensien breales on the comvex face or visible
compression buckles ar wrinkles on the concave
faee are formed.

56522, End joints in leminations, When end
joints in laminations are necessury, they ghonld be
searf jointe, glued before the laminotions are as-
eembled to Torm the corved part. The searf joints
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ave, of course, stronger than butt joints; forther-
inore, because o spuare-ended plece cannol b bent
all the way toils end, it iz difficult to gt propecly
distributed gluing pressure on the foces of lnmi-
nations in the vieinty of o butt joint,

OGBS, Formation of complets vings. Com-
plete vingrs, such as fuselage vings, may obviously
be made by joining luninated corved pieces enid
tn end with gloed seprf joints.  Laminated eom-
pleie nings with coneentrie laninations is compli-
cated] by the necesgity (unless open-end joints are
permizsible) of cotting each lamination te an
exact lengih, A methed Lov avoiding this that
liaz been used to some extent consiats of spirally
wonid, mstead of concentrieally arranged, lominn-
flons [sec, B430),

D2, Double lamdaating. “Double laminat-
ing” is o precedore adapted to the formation of
fuselage door frames, cockpit conmings, reinforee-
ment aronnd eovved openings in eorved sorfaces,
and similnre donbly cinrved members.

For example, for o fuselage deor frame with
rounded covners there would first he formed a
continmons lnminated ving of approximately the
ghape scen inon sule view of the foselage, This
ring wonld then be sliced inte a nnmber of thin
rings.  These would next be assembled with glue
‘wndl hemt to the curvature required to fit the cross
section of the fuselage

Obvisusly, if the curvators in the section direc-
tion i3 not large it may be more ecouomical to
foro it by band-sawing or some equivalent operns-
tui,

adisd. Bending of plywood.  Much of the ply-
wood used in aircrafr is manufactured flat and
bant to the requived form.  The amount of eurva-
tre that can be tntradueed into o flab piece of ply-
wodl depends on pumereus varviables, o few of
wlich are moisture content, divection of grain,
thickness aml number of plies, species fnd guality
of venesr, and the technigue applied in producing
il Bwznnal,

The use to which the bent plywood part will be
put should govern its thiclness, number of plies,
and divection of grain. Opee these factors ave
estublished, the methed of producing the bend can
usunlly be determined.

Bent plywood parts ave more likely to be
changed tn shape by subsequent ooistore changes
thau nee molded plywomd parts which have been
slosd vp i a curved shape,  This usually Dimits
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bent plywood pieces to thoese which are supported
al frequent intervals by o gl framework,

AGREN, fLedive of curvature, The minimuom
riding beyond which it is impossible to bend a
piece of plywood or veneer withont fracture de-
erenses when any of the following conditions pre-
vinil ;

L. Thiclness is decrensed,
2, Face plies arve laud more neavly parallel to
the axis of bend.
Maoisture content of the plywond is mised.
. Temperature of bending form i= raised,
o Luality of veneer 15 inereased (partico-
lurly by mindmizing cross grain .,
o Technigue of bending is fmprovel.

In most applications of plywood in aivernft it is
nob practieal to approsch verv closely to this
brealing radius, as eonsiderable allowanes nust
Le made for vaviations in veneer qoality and the
methodd of helding the bent plywood in place while
it is Tnstened to the supporting structure.  Fine
thermore, bending to the extreme is inadvisable
beenuse of the effect on subsequent performance of
the part, If, however, the breaking radins is
known for different Tace-grain angles and condi-
tions of plywood, approximate factors of safery
cun be applied which will enable the builder of
bent plywood aiveraft part to specify move closely
the proper trentment of the plywood,

Limited data ave available on the relation be-
tween breaking vadius and thickness of plywood
and veneer under severn] conditions.  Seme of
these have been derived from actual factory prac-
tiee and some from tests ab the Forest Products
Laborstory.  An approximate relation between
thickness and breaking radius of plywood is pre-
gemted i1 figures 5-00 and 501, It may be noted
by veference to the plotted relations that no eon-
stant ratio of radiuzg to thickness can be set for all
thicknesses,

The graphs shown in figures 590 and 5-91 are
buzed on tests of plywoml between 00035 and 0875
el in thickness of aiveraft construction and qual-
ity {AN-NN-P-i11b), but it is believed that the
curve for the 80% angle and 10-percent moisture
content may also be applied in estimating the
brealing vadii of venesr and aiv-dey lnnbaer b
tween 001 and 1 ineh o thickoness, and that the
curve for B0, hot-soadmed material may nlzo be ap-
pligel to vepesr that has been soaked i hoi water
prrior to bending on a heated form, ns deseribed
below,
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G053 )

The angle veferred to on each graph iz the angle
between the grain direction of the face plies and
the axis of the bend. Maost of the tests were made
at the 0% or 00° angle, but o few tests on wider
stripa of plywood ot 45° indicated that there was
ltle or no difference between vesulis ab the 0°
ol 45° conditions,

“Hot soaked” means that material is thovoughly
soaked in hot or beiling water until the plywoed
sinks, after which it is bent over a mandrel heated
to approximately 500° F.; “10 percent moisture
content™ means plywood of this moisture content
bent over o cold mandrel.

The curves vepresent average hreaking radii of
plywond strips 1 ineh wide, bent slowly over
mandrels with no support on the tensiom side,

HZET4—21- s L]

Eifi-
| For evphaalion of iz groph, see scr,

Brolken lines “a" and “b" on the grapls refer to
the examples given in the text. The tests wers
made by slowly bending stvips of aireraft plywoord
around o series of mandrels of decrensing size
until fracturve ccenrred,  Inmost eases, encl sam-
ple was bent through an angle of at least $0°,
Seporate curves are shown for plyweod bent at 10
percent moisture content aronnd a cold mandrel
ond for hot-soalied plywesd around o heated mian-
drel.  For ench condition, the eaking radive is
shown for plywoed bent with the face-geain divee-
Hon at 0% and H0° to the axis of the bend, Tt iz
pszumed that the same valoes would e ohtained
it wider plywooed sheets equal o quality to the
narvew strips wers used. A1l the plies in each
gtrip of plywood were of the same species. Tt is
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fige of ig graph, 2ee soc. 5.60050.)

suggested that plywood containing a combination
of species be eonsidered to have the same bending
radii as plyweod made entirely of the face-ply
species,

Soaking in water at room temperature can be
expected to produce o degree of flexibility or a
reduction in brealting rading intermediate between
that of dry and that of hol, water-sonked wood.
Bending plywood ot 10 percent moisture content
over a hot mandrel is also an intermediate treat-
ment, and o brealzing roding between that for dey
and hot, water-secaked wood may be anticipated.
This treatment ig probobly more effective on thin
plywond than on thiclk material.

56581, Facter of safefy, In any instance, it 1=
desivable to multiply the brealking radivs obtained
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Haord-
[For ooplasn-

from figures 5-00 and 5-01 by a factor of safety
in order (1) to get o working radive that will
provide against overstressing in bending, (2] Lo
allow for innpplicability of Bgores 5-00 and 5-81
o the ease in hand, (5] to aveid face cheeltng
of plywood, (4] to reduce the forces requirved to
form the bend and hold the bent pod in posituon,
and (G) toallow for the fact that, doving place-
ment in fenale molds, veneers must often be hent
to a radius shorter than that to which they are
leld after they nre mn final posttion

A factor of safety againet breaksge of at least
3 applied to the radivs is suggested for all bend-
ing of thin, exposed, fnished plywoed on alreraft
where smoothness of the convex finished surface
iz Important.  As an illustration, fpore 5-91 io-
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dicates a breaking vadivs of about 2 inches for 0.1-
ineli Douglas-fir plywood at 10-percent molsture
content bent at o 0% sngle. A mininoun worling
vading of 5 times 2, or about G inches, is suggestad.,
O unexposed parls, this factor of safety may be
reduced if fairly prominent face checks are not
objectinnalble.

Literior parts, such as plywood seats and
angles, nre often steam bent to the radii indicated
by figure 5-91 and even sometimes to a slightly
snaller rading when a well-developed teclimigue
guch as the use of heated wmale and female dies
is employed in the bending,

56882, Koamples shewing wee of foures 5-00
and §-0F,  To what radivg can 0.160-inch birch
plywend of aiveraft quality, after sonking in hot
water be bent on a bot mandvel with the face
grain at 45% to the axig, allowing a factor of
sntety of 8 apgpinst breakaped  Starting ot
FE=0.0G0 ineh™ on the graph for hadwoods, &
is found (ling “o™ om graph) to be 087 inch, which,
multiplied by 8, gives L11 inches as the safe baund-
ing rading,

What thickness of Douglas-fiy plywood ean be
safely bent dry and vaheated, with the face grain
porallel with the axie of the bend, to a D-inch ra-
ding? Tsing a factor of safety of 5, the breaking
radive 18 vend on the igure ag 5 (§+58=3). From
thiz radins on the softwom] curve, the thickness
is found (Hme 0 on graph) to be abool 0125
inels.

B85 Comporid cwremtere. No simple cri-
terion is availoble for predetermining whether o
aurface of compennd curvature can be mparted
o flat plywond (7-47), Soaking the plywoed and
the use of hent during application are aids to ma-
wipulation, Soeme compeund corvature can be
imparted to flat plywood by die melding,  Figure
502 lustrates one nethod of bending o flat shest
of plywood to double civature. The plywood is
first soaled in hot water sodd then dvied between
heated male and female forms that lave been at-
tached to o hvdraulic press,  In eass the use of
flat plywood on swefaces of eomponnd curvature
is contemplated, experiments o determine the
possibility amd the best procedors ave recoi-
mended, The following discussion relates to the
application of plywoed te surfaces of single
curva e,

G884 Plyegod Dent withowt seftaning. Thin
plywood wing and fuselage sking are ofien ap-
plied without softening to the supporting struc-

ture with the face grain pavallel {07 angle) or
at  45% angle to the axis of curvature. Either of
these divections permits a smaller radius of cury-
pture, and the plywood can be bent with less fores
than when the face grain is cireumferential or at
right angles to the axis (907 angle).

When beading at a 0° angle, small face checks
will appear long before the breaking radius is
reached, The rading st which these face checks
become objectionable will vary with the species,
thickness of face ply, and quality of swface -
quired,

FOEAS, Plyweod bant afier soaking or stemming,
When only a portion of a flat sheet of plywand is
to be bent to a severs mdius of carvoture, it is
conunon proctice to sopk only this pevtion by
spenging it until theronghly wetted with hot ov
eold wyler before bending. A strip of wet cloth
laid on the aven to be hent will secomplish the sae
resilt as repeated sponging, 11 the entive piece 15
bent to o sinall vading o if it 15 desivad to reduce
the foree necessary to hold o piece of varying
racling of curvature in place while attaching il to
the supporting frame, e whole sheel should be
sogled or stenmed.  Ineither instance, the slest
can be bent ever o form, preferably heated o
facilitate the bending and to reduce the drying
tine, similar to that shown in gure 5-93,

Btepm-bending machines, the alonents of one
type of which sre zhown in figore 504, nre often
nsed, These wachines (fig, 5-956) ean b auto-
maticnlly controlled by cyele timers, so that it 33
only necessary to insert flut sheets of plywood
that have been stenined or soaked and smove tha
bent pieces alter pn interval of 2 to 5 minates,
For severe curvatures, the plywood is maleed for
1 to 2 hours at 1507 to 200° 1, and the mandrel is
uznally maintained pl a tlemperaturve of 3005 F, or
higher,

Following are exaumples of bends that have bem
procdueed commercially on a machine of this fype:

(1} Five-ply, all plies one-twenty-eighth
ineh birel,  {Total thicloness 0178 inel)
Faea gyain #0°  (cieewmferential) Lo
mandrel. Bent to 1-inch radins through
an angle of B0°,

(2} Three-ply, faces one-twentieth inch
birch, cove one-sixteenth inch poplar
{total thickness 0,162 inch), Face gvain
07 jeiveum fevential) o mandiel, Baut
to I-ingh radive throngl an angle of 007,

- 245
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Figure 5-01. Bending fiof phineood lo desived skepe boticess heafod plodes,

186
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Pigiore §-05. Commearpiol nwckive ueed for bending plicood.

Under some bending conditions, plywood of five
fplies is less susceptible to fracturve than theee-ply
material of siinilar thickness probohly becnnse each
ply 15 somewhat thinner, The thickness of venesr
ig iportant, particabady that of the foee veneer,

In preforming plywood by any wetting aiud dey-
ing technique, there is o certain amount of spring-
back, for which allowance muat be made if acen-
racy s desived.  Spring-back depends on thick-
ness, molstnre content, temperstore, bending time,

288

ratio of radius to thicknesz, and ether factors
As an allowanee for spring-bacls, some operators
bend soaked plywood on heated forms having a
vacling of corvature about 20 perceal less than
the desived rnding of the bend,
560, Woonwonxixe Rerereyons,
[ 5-5) Davia, E. BL
12 .'||r-l-'-r||a.-.i.ll5- awd Belated Qharilerizlics of
Euipthorn Havdeesdy, U8, Dept, Agrie,
Tech, Hull, No, 824, 42 pp.
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(5—0) Wirsow, T It G,
1041, Woed Beading: with Appeinkic or dppara
Hig Fod Bondiag Soaf Ribe, Forest Trad-
nets Litborntory Ieport K,

{5-14) Monprs, CHakLEs I,

T8, Tuterpedting the Doforiirtions ol Stireszeg
Ier in Melding Paunels of Componed
Curvatuee,  Hacdwosd  HRecopd, May
19019, pp. T-14, illua,

5.7. Finishing Wood in Aircraft ™

0.70, Gewemas Adreraft specilications for the
Army or Navy usunlly rvequive that all exposed
surfaces of wood, either interior or exterior, b
finished with o protective conting.  Extervior sur-
faces ave these that are exposed to the weather
and to view from outside the eraft. Interior sur-
fuees mway be further subdivided inte those seen
by occupants of the evaft, such as the interiors
of fuselage compartments, and those cedinarily
vemaining entively unseen, snch as interiors of
wings, hollow spars, stabilizers, ailevons, faps,
rudder, and clased povtions of foseloge and
mcelles,  Avens of contact bebween wood and
metal may also be congidered interior surfaces re-
Quiving finish.

The plans and specifications of the prime con-
trnctor indicate in detgil wheve finish is to be ap-
plied, what finish is to be vzed, the nomber of
coats, how it is te be applied, and other points
about the finishing procedure. Alternates muy b
permitted subject to the approval of the prime
contractor, whe i in Lorn subject to the specifica-
iions o the specific approval of the military an-
thovities, Specifications for finishing materials
and fmshing svstems should, of eourse, conform
b cureent Army, Navy, or Federal specifications
wherever snch Government specifications ave ap-
plieable, The specification of finishing materials
by trade brand or manufacturer’s eode number is
meaningless unless the products have been com-
petently tested for conformity to Government or
other authoritative speeiflcntions,

5.71. Requinestests of Fixesnes. The suctaee
of wond is vascular and moderately absovptive of
ligquids. Wood snefaces, therefore, must be ren-
deved nonabaoeptive by applying sealer or primer,
which penetrates anly far enough to closs the open.
ings in the surface, before o uniform coating of
finizsh can be spread ever the sorlace (5-58),

A4 meore dekallid dizcusmion of the subjeet has been prepared
by the Forest Froducts Loboratery in Wepore Mo, 1506, "Finlsh-
bog Waond o Abrernft (5—487,

Hardwoods with poves as large as these in bivch
require wood filler applied Ly wiping acvoss the
grain of the wood to plog the large pores. 1f a
finish with mirror-like smeothness is vequived,
wood of any kind wsually mmst be coated with
snndling surfacer, povt of which s sanded away
nfter it has dried, to yleld a perfectly smooth sor-
face for the application of enamel or laeguer
ennmel.

To be doreble, wood finizhes mns, remain sems-
what plaztic thronghout their vseful life so that
they eun pecommodate themeslves to the changes
in shape and dimensions of the surface,  The re-
quived degree of plosticity vsually rons counter
tor the desive for speed o drying and hoedness of
coating; plasticity is provided by dryving oils or
s l't resing, wherena fast dryving and hardness come
feom hawl resing or cellulose esters,

Adreraft fnishes should be as fast in applica-
tion s 38 consistent with their primary objectives,
The minnber of finishing aperations should be held
to o manimum and the over-all time vequired for
deying shonld be as short as pessible either by
renson of the limited number of coats ppplied o
becanse of Iast drying of ench coat. Althongh
wio] fini=hes cunnoi be baled to speed drying, the
process can be speeded by forced deying at tem-
peratures up to 150° B, with sufficient humidifiea-
tion Lo avoid pndue fnss of moistore from the wood.

Finishing systems when dry should add as little
welgrht to airern it 03 15 consistent with the attain-
ment of their primary sbjeetives. )

The primary objective of intevior finishes is to
afford protection of the wood against serious
change in moisture content when exposed for o
linited time to dam) air o to water that gains
access to closed spaces by condensation or by peae-
teation of rain, mist, or fog throungh jeints, vent
holes, bullet holes, or imperfections in the cover-
ingr. Croatings on contact aveas between wood and
metal protect the metal aguinst corvozion from
molstare in the wood,

Tnterior finishes must retain their protective-
ness for the life of the aireraft ond throghont the
great range in temperature to which the craft
iy b subjected in service,  They need not be
eapable of withstanding exposure to the weather,
including sunshine, for any such length of time.

The primorvy objectives of exterior finizhes are
protection of the wood against weatheving, suffi-
cient smoothness of sorfice to minimize zlkin re-
sistanes during fight, snitable appearanes, and
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enough durability to refain these properties for
several yenrs of Tull exposuve to the weather af all
altitndes of flight even in the most severe climates,
The finizh ghonld be easy to keep clean and shonld
wenr i sach o way that it can be rencwed when
necesgary with minimum inerease in the weight
of coating,

Appearance 15 important rom a military, not
a givilinn point of view. Cembat and task craft
for some malitary purpeses requive a dull surface,
free from gloss, of a color chosen for camouflage.
Trainimg planes may hove semigloss or gloss fin-
ishes of bright eolor when so specified by the pro-
curing sgeney. The appearance of interior finishes
i= unimportont except for those visible to cecu-
punts of the eraft, for which a dull surface and
gubklued color ave desirable,

The ordinary finighes do wot preserve wood
againgt decoy and do not prevent blue stain in
sppocd s indeed the finishes themselves sre sub-
ject to atteck by molds under conditions of pro-
Ionged  dampness  and  switoble  temperature.
Careful degign und good construction to see (hat
no wood parts become damp long enough for fung
to thrive ave the most important measnres for pre-
venting deeay in aiverofi, Despite such precau-
tons, however, mold and decay may attack air
eraft kept in the damp trepics, especially if they
are grounded Tor considerable perinds of time,
Tnevensed resistance to fungi eon be provided by
incorporation of fungieides in the =ealer or var
nigh with which the finishing system begins
Beiter protection becausze of deeper penetration
of the preservative into the wood con be obtained
by treating the wond before starting to apply
finishes with nonswelling, paintable preservotive
conforming to Avmy Air Forces Specificntion No.
14141 o with water-repellant pressrvative con-
Forming to Avmy-Navy Aeronaotical Specifica-
tion Mo, AN-P-Ti. .

6.2 Protecrive Power or Woon Frwsngzs.
When unprotected wood is exposed alternately to
dampuess and dryoess, such as to rain and sun-
shine, the portions of the wood near the surfoce
change in moisture content more raptdly and more
widely than do the interior portions. Suel un-
eagual disteibution of moeisture within pieces of
wonil aets up internal strasses that are responsibla
for such processes of wenthering as grain-raising,
cupping, warping, checking, and softening and
disintegration of the surface, Protective finighes
guard agninst weathering by vetarding the rate at
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which meisture passes through them, sither inio
or out of the wood surfuce, to such an extent that
a reasonably uniform distribution of te meisture
within the pieces of wood i5 always maintained
and internal stresses ave thereby avoidel,

A finish entively impermenble to moisture hos
not yet been found {5-43, 548, 8-67). Moreover,
no finish alters the fher-saturation peint or the
swelling coeflicient of wood.  Figure 506 shows
the effects of a series of finishes ranging from
very low to high protectiveness on the moisture
content of muatched specimens of 35.-ineh, thres-
ply, adreraft plywood {conforming to Army-Navy
Aervonnutical Specification AN-T-60a), uneonted
piel coated on all surfaces with the various fin.
ishes. The specimnens were brought to constant
weight in 85 peveent velative hmmidity ot 80° F
then placed in 97 percent relative lmmidity at 807
F. for weighings at intervals durving 42 days, and
finally veturned to 65 percent velative lamidity
for weighings during anocther 42 days, When ex-
posed to 97 pereent velative humidity, uneoated
specimens and specimens with finishes of low pro-
tectiveness renched equilibrium close to the [ler-
saturation point within little move than 10 days,
whereas specimens with highly protective coal-
ings required 90 duoys or more to reach equilib-
rivmi,  Very similar curves are obtained if swell-
g i= measnred instend of molsture content.  Oa
return o 8§ pereent humidity, those finishes that
retarded absorpiion to the greatest extent 1iliewize
retarded drying moest effectively. After equal
periods of abeorption and deying (12 daye) all
specimens retuined more than their initial mois-
tnpe content and  the extra moisture retained
increased with the protectivensss of the finish,

The protective power of finishes i3 conveniently
expressed in tevms of moisture-exchuling effective.
iwes, vepresentecd by the symbol &, for an arla-
travily chosen time of exposure to danpness under
standaridized conditions.  Tlaing the dota of fig-
tie 504, T daye is a suitable time of exposure,  In
Tdays the specimens coatel with oluminmm finish
gainad 3.1 percent whereas the uufinished bat
ctherwise similar specimens gained 1435 percent
moisture.  The finish therefore excluded 14.5—
d.1= 114 pereent roisture, which is 78 peroent of
the absorption by the unfinished specimens,  The
motsture-excluding effectiveness of the alominum
finigh was thevafore 79 percent,

The moistnre-excluding effectivensss has rela-
tive sigmificance for comparing finishes when

s
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Figure §-806, Avevage abporpficn of molghoee and dewtig of Sply, Yedeeh aircraft plycood wher prodectod itk sia

birgically diforend finishes.

The water-repelient finish congizted of T @ip for § wminnfoz and weighod 0002 1h. por

e, fE; the gealer 1ogs migds of phewolic resln @f 1215 gal. Teegth dn fung ol and 30 porocnt wowpolabile it 2 dips
far 5 zoconds enok and wolghed 0007 W, per ag. f1.; the cemonfogs enemel seas placod over Dhe alore gealar and
eonglated of 1 @ép dn owok and weinhed G045 B por #q FE S fee vornial iges mede of phewolio rosin af 33 pell
Tewgfh tu oil and 00 percent nottealatile with & dips for § socowds ook and eciohed 0052 D jeor e0. FEy fhe plose
enamel wos wede otk ohrenie wellow T plerelis refin sernish itk B dipped cante ooer 1 dip du tie alioee seoler
aif apeighed 05Tt por &g, FL the alvmibiim enohicd oceipted of T dipped confs of dleidipsm piginent dn the

aloes varnba and woelghed 0058 10, per aq. fr.

tested under standardized conditions, but the also-
Iute values of & vary with the test conditions,
For example, uging the data of fguve 5-00, & dov
the sluminwn fnish was 00, 86, T8, 56, and 37 after
expesire for 2,4, 7, 21, and 42 days respectively.
In memeral, effectivensss decreases as the time of
exposure inerenses, eventunlly beeoming zevo. For
the alumuium paint in figure 506 on different
lrineds of a-inel plywood after exposure for 7
davs, & was 75 on yellow-poplar, 77 on Donglas-
fiv, 77 on mahogany-on-yellow-poplar, 70 an
sprnee, and 83 percent on birch.  Om sapweod &
is usually higher than on heartwood of the snme
species O sprnce specimens of differing dimen-
sions, & after T days’ exposure for the aluminnm
fivizl wis 27 pereent on edge-grain veneer 14;-inch
thick, 45 pereent on flat-grain venesr of the same
thickness, T9 pereent on the %e-ineh plywood re-
ported in figure 594, B percent oo solid spreoce
4% by 4 by § inches in sive with the grain parallel
to the B-inch dimension, 88 percent on solid sproce
114 by 134 by 11 inches in size with the grain par-

I4EATE—31—0

allel to the 11-ineh dimension, and §# pereent on
solid spruce: 3¢ by 4 by 8 inches in size with the
rrain parallel to the 3g-inch dimension (4 by 3
inch surfaces end grain weod),

Tuprotected wood talkes up molatore moueh more
rapidly from water than it doss from damp air,
whereas well-protected wood gaing moisture at
nearly the snowe vate inder the two conditions. Tt
fallows that protective contings afford  much
greqter protection agzainst brief exposare to water
than to dampr air. Water vepellents and seales,
which are low in moisture-exelnding effectiveness
as indicated in figaee 508, fuenizh a significant
degres of water repellency for wood that may be
in contact with water for short times, A method
of measuring the water repellency of esalers and
water vepellents and o suevey of the proporties
of comunercial products of the two types ave de-
aeribed in Fovest Produets Labovatoy Report No.
R1405 (5-48).

The six Anishes presented in fguve 500 repre-
gent gix basically diffevent types of finish,  The
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representative chosen for each type atangls near
the top wmong Gunishes of its type in moisture-
excluding effectiveness or in water vepellency.

1. Deeply penetraling finishes, such s waler-
vepellent preservatives, afferd relatively
low moisture-excluding effectiveness but
ey provide o signifieant degres of wa-
ter repellency,  These products are
wsunlly applied by dipping onee for not
loss tham & minates, and their primary
purpose is to carey fungicides into the
woiekl 08 deaply a3 con be accomphished by
brief, nonpressure teeatment. A orepe
pesenlative specification for water-repel-
lent preservative iz Avmy-Navy Aeve.
nantical Specification Xo, AN-P-TG.

@, Slightly penetrating finishes that form
little or no ccating over the suriaee of
the wood, such az sealers, nre lower in
water repellency than the better waier-
vepellent preservatives when only one
application is made, ot o second appli-
cation often results in somewhat hagher
water vepelleney than is eltained with
venler repellents, though the meisture.
excluding effectivenes: remains low, The
sealers ave designed primarily to render
the surfaee of wood nonabeorptive for the
Tiqquids in coating maeterials applied sub-
sequently, but Livo or move applications
of sealer are nsed also as o wedderately
proftective finish for surfaces not exposed
to the weather, A representative specifi-
cations for sealer 1= Army S-186G, (ypes
11 amd 171,

3. Coatings of o poveus nature, snch oz the
lusterless camaontlage enariels and eamon-
flage laequers, da not provide meh mois-
ture-exclnding eifectiveness, The data of
figure 5-06 indieate that o cont of enm-
cuflage enamel weighing approximately
O pound per square fool offers less
resiatanes o modstove movement than an
apphieation  of  phenolie-resin sealer
weighing less ihan ove-tenth as muod
The sanding surfacer wsed in some ex-
revior finishing systems likewise formns
porons contings of low maigiore-exelud-
ing efleetiveness,

4, Coatings of n nouporons nature, such as
gpar varmish, when so applisd as to form
a film of appresiable thickness (0001 to
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0008 inch) over the surluce of woor,
nehieve reasonalily high meistore-exelud-
ing effectiveness.

o, Pigmented coatings of o nonporenus nature,
such pg semiglss or gloss enamel, have
miatertally higher moistoreezelnding ef-
fectiveness than otherwiss similay eont-
ings without pignwents,

i, Aluminized coatings, which are pignentad
with aluwminum in the form of thin flales,
are capable of attaining very high mais-
tpe-exeleding ellactiveness oven in thin
coatings of light weight, For full ef
feetivenass, however, at least ene alwmi-
miged coqat shonld be o priming coat or an
mndevesat, that ia, it should be sand-
wiched between the wond and suceeeding
conts or between coats, When the final
coat only ig alominized the moistore-
excluding effectiveness sometimes iz no
greater than that obtainable with the
clear vehicle withent the alominum,

The date of figore 596 show that high meis-
ture-excluding  effectiveness is obtainable only
fram eontinuons, nonporons, moistureresistant
eoatings of appreciable thickness over the surface
of woold, Penetvating finisheg afford velatively
little protection agminst damp air, although they
may give moderate protection ageinst brief ex-
posure to waier., It s also evident that Hidshes
retad deying of wood in the same ovder that they
retard absorption.

The effect of protective finishes on the moistnre
comtent of woodwork within the wings of aircraft
under the conditions tat prevail when planes are
parked in the open has been studied ot Madison,
Wisconain,  Freliminury experiments were made
in Hdmnmy wings” (5-40) between November
1842 amd June 1948, The dummy wings had -
adequate vent holes and some of the glued joines
between plywood shing and framework cdeterior
ated to such an extent that, by winter, water from
roin or melting snow gained sccess to the interior
andl raised the relative humidity, The conditious,
therefore, were vepreentative of leaky wings
Test specimens inserted in the air spaces within the
dummy wings consistad of Ha-inch sproce venesy
and of 34- by Bg-inch spruce sticks. One speci-
men of epch kind was unfinished ; one was finisled
with two coats of wood sealer; and one with two
coatz of aluminized woed sealer.  All specimens
ware at 6.8 percent meisture content when first
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placed in the dommy wings in November; they
were weighed almost daily thronghont the test
pericd. By early Japnary 1943 the unfinished
veneer peached 21 pevesnl msisture content and the
unfinished stick 19 pereent. after which they
pradnally deied out again to vonghly 12 percent
by the end of April, except that vepeatedly, fol-
lowing heovy snowfall ov vain, there were snddean
npward aueges in moistore content,  Protection
of the veneer with sealer did not measeeably alter
ihe Jannary moximom of 21 percent maisture con-
tent, which was appronelisd gradnally, but it did
et the sudden npward aorges following storms
pearly dn half. Even the higher desree of protes-
tiom affarded by almminized sealer fuiled to keep
the veneer from exeeeding 19 percent noistare
content  in Jannary,  Protective finishes were
soanewliat move effective on the larger sticks of
gpruce, bt even the alvminized sealer permitted
a range in moisture content from less than 6 per-
cant in Awngust (S=$7) to nearly 16 pereent in
January,

More detailed experiments were made 71 an in-
Loard section of the wing of a large naval glider
monnted ab Madizon between December 1948 and
June 14, This wing was well vented in the bot-
torn snrcfuce and  remained  free from leaks
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throughout the test perisd,  Test apeeimens were
ghoets of Ua-ineh bireh veneer, 95.-10ch biveh aie-
craft plywond, Ze-inch sproce pireraft plywoad,
andd sproee blocks 134 by 114 by 11 inches in di-
menzions  For each Kind of specimen there wos
one withont fnish and ene with ench of Qe Gnishes
described in the title of foure 5-86 The vesolis
with (he specimeans of bivel ply wood ave given in
figure Unprotected  plywood  floetuated
widely 1 moistuve content, theogh the highest
moistiree content observed in this wing, which re-
muined wenther-tight, wes 12,6 percent.  Finishes
of low degree of profection, snch ng water vepel.
lent aud woorl sealer, fuiled to alter the fluctoa-
tions mnterially, theugl they did redoce the penk
modgtipe eontent  shehily.,  Highly  protective
finiglies, such as coatings of varnish, gloss enninel,
awid alominmng enmmel, damped oot the fAoctua-
tions effeetively aml signifeantly reduced the peak
modstiee content,  Even the highly protective
finishes, however, failed o prevent the maisture
confent. from dropping from on pverage of ap-
proximately 8.5 percent for the winter seazon bo
il of less thian G pevcent v early Juoe, when
observations were diseontinued.  Thin o small
pieces of wood fluctuate more widely and ave more
likely to attwin Migh peals under such conditions
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than large pieces of womd.  Thos between Diecem-
ber and March the ronge in moistore coplent and
peals mnisture content, respectively, for the un-
finighed specimens were as follows: bireh veneer
T and 168 percent, bivel plywoed 5.5 and 124
pereent, spruce plywood 43 and 124 percent,
gpriee blocks 1A and 155 peveent,  IF the meas-
urements had been continued theough the sum-
mer senson, lower extremes of meisture content
aned el larger sensonal rmnges i omoisknee eane
tent wonld have been observed,  In Anson bomber
wings during the summer of 1943 unfinished 14
inch bivel veneer fell as low as 3.0 pereent at Magli-
som ainl o Tow as O percent in Tuesen, Avizona;
unfindshed spruce blocks 116 by 134 by 11 inches
im dimensions fell as low as 6.0 percent at Madison
and as low ng 1 percent ot Tocsen {5473,

The studies indicate that keaping the top skins
of aireraft wings tight ngainst the weather and
the bottom shing adequately vented does mors
toward leeping the moisture content of the wouod
within safe linits than con be accomplizhed with
protective fnishes of the kinds now nsed for aie-
craft interiors.

#75 Errser or Fiwmen ox SuM00THNESS  OF
Srerace. For best gevodvoamie performance, ex-
tevior surfaces shoubd be as smonth oz possible
(a0, With smiable finishing svetems, wood
may be riven a snefoee of wivror-like smoothness.
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EMPTY LARGE PORE

T that end the lavge pores of sueh havdwoods as
bireh and malogany must be filled and, to level
the surface irvegmlarities of all weods, it i3 neees-
gary to apply sanding surfacer and fo sand it
gmootl befove applying the Anizhing enumnel or
laccmer, The sanding surfacer, which is o coating
very rvich in pigment and therefore relutively
heayy, mokes up approsimately Lalf of the total
thickness of conting (fig. 5-08). For that veason,
finizshes of maximum smoothness are relatively
Ienvy, wsually approximately 005 pound  per
ryuare foot or even more. They are alzs laborious
in application, inelined to eraele and chip badly
when they wear out, and are little if any betrer in
protective power and dorability than an otherwize
gimilue finish from which the sanding siurfacer has
been amitted and the weight vednced to 0,025 to
003 ponnd per sguare Toot, The tendency at pres-
ent, therefore, ia to leave ont samding surfocers
and to necept the somewhat rougher finish, often
still vevealing the grain pattern of the wood, that
resulis,

Finighes of mivror-like smootliness are neces-
sarily glossy, veflecting light speculavly.  When
comenflame it required on task amd combat ceaft,
somne sacrifice of smoothiness muost be made to ob-
tain lusterless finishes that reflect light diffusely,

BT Apsoneriow or Hear sy Foosnes,  Stag-
nant or nearly stagnant air spaces encloged by thin
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slins, sich oz oceur in the wings of aiveraft, may
become heated when exposed diveetly to sunshine.
The rise n temperature 18 grentest on clowdles
days with little or no wind when the sun 1= closest
tor tlie zemith amd the plame stols so thot the sur-
face s most pearly novmal to the divegtion of the
sun’s pays, 1f all of these factors are constant, the
rige in temperature depends on the absorpriveness
of the exterior finish for infraved radistion from
the sun.

White enamel or lacguer reflects most of the
radliant enevgy of sunzhine sl therefore tends to
loeep the surface cooler than it would be with noy
ather finish. Clear finishes, such as varnisl, trans-
mit most of the vadiotion, much of which 15 then
reflected Ly the surface of thie wood, so that the
heating effect is relatively moderate, Black fin-
ishes made with earbon pigments absorl neacly all
the vadiation and thereby give vise to maximm
lieating of the surface. Colored finishes fall some-
where betwerst white and blacls, nceording to the
proportion of the radiation, povtienlarly the infra.
vedl padintion, that they veflect. Az rule, the
davker the color, ihe less radiation reflected pnd
£l more absorbed 3 hence the colors preferved for
camouflage, which ave dark, tend to canse marked
wirming of aurlfaces,

Certain eolored pigments that are highly ab-
sorptive of portions of visible light are rensonally
Nighly veflective Tor infraved radiation.  Finiahes
made carefully with sneh pigments may be davls
in coloy and yeb Enirly highly rveflective for in-
fraved radiarien, Chdinary olive deab camou.
flage enwmel, tor example, has a mting of approxi-
mately 10 percent for veflection of infraved radi-
aticn, but enamel of the same color can be made
with a rating of 50 percent veflection.

Observations were wade at Madizon, Wis., in
the dummny wings desceibed in Fovest Produets
Loboratory Report No, 1563-1 (5-40). Duriug
July 1842 with an elive-drab, eamonflage-enamel
exterior finish of 10 percent infraved reflectance,
the maximun wmperatures recordad onoa elenr,
etill day when the putside tempernture in the shadse
wis approximately 857 Towere as follows

Toiicsa-
Fawition du wdng ture [*F)
Tpper surdner of plywood e 1:0

ter glue Hne in oppise plyweeod skino__ . ;____ B ]

Mlidpointe of ait spost between wpper and lower
sking . N — | |

G B in loeer plywocdl SKIN oo 10

Late in August 1942 the following comparizon
of temperatures in the enclosed air spuce was ob-
tained when the exteriors of the plywosd skins
were finished with enamels of differing infeavel
veflectanee and the cotzide temperatore in the
ghade was b0* T,

Tamprigs

Fuyclusesd gir apvee T wisy Bz 1780

Gillossy pellvw etdonel of S0 percent refectane_ 120
Comindlage olive drab engoe) of 50 peceent velles-

Lt e e e m e~ 183
Cannoutlage  olive  desl eiainel  of W perecnt

el 138
Crmenflage Woe eiumel of 5§ percent reflectines 146

Starting eavly in July 1045, similar stucies of
temperninres were undevtaken at Madison, Wis,
andd at Tneson, Avie, in wings fron Anson bowber
plunes finighed with a brewn enamel of 10 pereeut
intrarml reflectance; meanwhile, the observations
it Sdumuy winge” were continued. A pproxi-
i bely the snme maximnm temperatures are devel-
oped inthe veal wings and in the “dunmy wines"
nncler similay conditions, The highest tempern-
ture oleerved in the Anson wings was 170 Foat
Madizon and 215° F, at Tocson.

570, Marermava  por Admonsrr Frsossoeon,
The materials commonly wsed for aiveraft fin-
ishing are breadly elussifiec] into three general
tvpes, namely, dopes, lnequers, and oleoresinos
procducts, Dopes are fabrie finishes, and ahould
be used on wood cnly in conjunetion with fabric
coverings,  Lacgquers and oleovesimons products,
when properly made for the purpose, ave suitable
for finishing directly on wood surfaces, Tn gen-
aral, lnequers should not be combined with noniae.
quers in a finishing gystem, Tt is fregquent prac-
tice, however, to apply an aleoresineus senler o
bare woorl as the first operation in o lacquer
gystem with that excepiion it is poor practioe b
alternate laciuers and oleovesinons prodocrz in
building a finizh on wood.

8,700, Depe,  Dope is essentinlly a solution of
cellulose ester of high-viscosity srade togpether
with o small propotion of plasticizer in suitable
organie solvents wul volatile thinners,  This
makes clenr dope, which forms travsparent coat-
ings thot ave wsually nearly colorless, To make
opague coatingd of any desired color, including
white and black, the necessnry pisments are in-
corpotated, mnking pigmented dope, The eelln-
lose ester most widely used for aircrafi dopes is
eellulose nitrate (nitrocelluboss) but cellulose ace-
tate-buiyreate is alse nsal. Dopes made with the
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latter ave less fnilammable than the cellulose ni-
trate dopes. A primary funclion of dope i3 to
tanten Tobede, which it does becansze the dope
solidifies when only o portion of the solvents and
thinmers has evaporated and then shrinks mate-
rinlly az the vest of the drying ralkes place, The
higrh-viscosity grades of cellulose ester impart the
desired degres of such shrinkese in deying but
the high viscosity vequires o very lnrge proportion
of solvents and thinners to malke dopes of suitable
consigtency fov brushing or spraying.  In conse-
quence, the nonvolatile content of dopes 18 very
low, which means that the Gl formed oo the snr-
face when & single application of dope has dried
is very thine For that veason, finishing svatems
with dope usually vequire at least six or eight ap-
plications to prodoce a coating of satisfactory
thickness. O the other hand, dope dvies vapidly,
hence many conts enn be applied within o vela-
tively shot Lime.

There pre three wartime developments in malk-
g wnd handling dope that are divected tovward
reducing the number of applications of dope re-
quived to attach and finish fobrie, Inthe fivst 1he
fabrie i “predoped™; that 3=, the manufacturer of
dope fmpreguates the fabvic with elear dope by
meang of speeind equipment. The predoped fabrie
iz then shipped to the afreraft maker, whe con
then apply and finisl ib with fower additional ap-
plications of dope.  The predoped fabric is stiffer
and havder to apply on surfaces with donble
curvatues thn is undoped fabric, To vetain suffi-
cient fexibility, predoped fabric often vequives
shipment and storage in aivtight containers to
keep it from deying ont too mnch,

The eecond development 13 “hot spraying.”
When dope iz heated and applied al 1707 o 1502
F. by means of specially designed spraying equip-
ment, the dope con b mede with nearly twice the
wsnal nonvolatile eontent, so that one hot cont pe-
complighes as mueh a8 two conts of unheated dope.
The proeess, however, veguites greater shill wnd
mare caveful atbention of ¢he oparator,

The third development is the nse of dope emul-
giom, which consists of specially  Tormulated
dope or lecquer emlsiffed in water.  Soch el
sioms contain twice the usonl content of nonvela-
tile pnd wet have a consistency soituble for
brushing or spraying withont being heated. The
emulsion dojres or emulsion lusquers are proposed
for attuching fabrie to sealed plywood and then
senling the fabvie to male it ready for final conts

%4

of ptgmented dope, lacquer enamel, or olaoresine
ouz enamel.  The emulston dopes facilitate the
attachment of fabrie even on surfaces with sharp
double enrvature hecause the water makes fabric
viry flexible.

Do is low in moisture-excluding effectiveness
and thevefore coes not mole o very satisfactory
proteciive coating for wood.

5,750, Lavgieer, Lasqner 15 essentinlly a soln-
tion of cellulose ester of low-viseosily crade, to-
pether with plasticizer and vesin in snitable o
ganie solvents and velatile thinnes  Digments
are incorporated in the clear lacquer to moko
lnoquer enamels,  Tse of a low-viscosty grade of
celluloss ester and addition of resin permit more
than twice us wuch nonvolatile in Jacguer nz there
iz in dope, so that eoe applisation of lacquer ac-
conplizhes as mueh as two applications of dope i
buileling filme thickness, Mozt loeguers are made
with cellulose nitrate, but some are made with esl-
Inlose  aeetate-butyrate, The aireraft  lueoguers
gemerally contain mere resin than cellolose ester,
and the resin commonly used 15 one or a mixtore of
the allvd [glveerol phthalate) vesing, in which
case the resin may serve also as a plasticizer, The
lncquers take somewhat longer te dry than the
dopies but are fast-drying matevials nevertheles,
In mosture-excluding effectiveness, the Iacquers
are nineh supevior to the dopes and, if applied
in conlings of equal thickness, may be neavly as
miand ag some of the oleoresinons products. As g
rile, however, loequers ave applied in somewhat
thinner coatings than the corresponding oleores-
incus finishes and, so appliad, furnizh somewhat
less protection for wood.

0052, Meoresinous produets. The oleoresinous
products when snpigmented ave commonly enlled
varnishes and when pigments are incorporated are
eallisd enwmels,  Varnish consiats of resin blended
with deving oil by hent pecording to a suitoble
eocling schedule and then, when the preduct has
partly conled, adding cnongh volatile thinney and
drvier to produce the corvect viscomity for applis
eation, Mueh Jess volatile thinner is vequived for
this purpose than iz the ease with lacguers, lienca
oleorssinons  proclucts vsoally contain o mneh
higher proportion of nonvelatile than lacquers do.
With some of the synihetic vesins, partienlorly
the allkvids, the drving oil i3 meorporated doving
the manufactnre of the resin and the “resins® =o
prodluced, which shonld properly be called var-
wishes, may be pized with one another ond thinmed



Downloaded from http://www.everyspec.com

b make varnishes of the desived characteristics.
Mozt oleoresinons finishes for aiveraft ave muade
with either alkyd or phenolic resing or with com-
bipations of the two lmewn ps phenol-modified
alkyd vesins

For the drving oil, tung oil is highly desiped
becanze it makes fast-deving varnishes, partien-
larly in eonjunetion with the phenolic resing, but
the limited availubility of ting oil during wartime
makes it necessary to nse dehydreated castor oil,
viticien otl, and specially treated linsead oils to
noeconzidernble sxtent.  The mie of drying s
other propertics of varnish depend also on the pro-
portions of vesin and drving oil. Varnishes ave
called “long i o™ or “short in oil™ nocording as
they ave made with much or little ail for a given
popetint of resing More speeifieally, o varnish is
of “10-gallen length in oil™ if it is wade with 10
gallonz of drying oil to 100 pounds of resin, “20-
gallon length™ if theve ave 20 gallong of oil per 100
pounds of vesin, and so on. In general, a varnish
dries faster and has better moisture-excluding ef-
fectiveness the shorter it iz in oil, but when too
short it lacks plasticity and doreability.  The
length in oil, therefore, is eommonly adjonsted to
give Lhe Lastest drving consistent with the requirved
tegres of durability for the use to which it is to
b put, IF unduly fust deying s demanded, it can
be attained only by snerificing durabilicy,

According to their Tonction in finishing sys-
tems, Lhe nireraft finishing materials for wood
anrfaces, whether of lacquer or oleoresinons type,
include sealer or varnish, wood filler, sanding sur-
Lacer, snnmel, nnd comoiflage enamel.

5.7ThE. Sealer or varnish. Oleoresinous sealers
are usually fost doving, short oil varnishes of rel-
ptively low nonvolatile content,  They are de
sigmad to sink into the eell cavities near the sur-
face of wood and horden there withont peneteat-
ing farther into the wood. Their function is to
seal the surface against pevetration of the liqnids
in coatings Lo be applied subsequently. A second
applicntion of sealer after the fivst has dried is
necessary to develop as imuch moistore-excloding
effectiveness az that indicated for sealer in fgure
G-, A former Army-Navy Aeronautical Speci-
feation for wood sealer (AN-B-1T) vrequived that
the nonvalatile content be not less than 30 percent.
The experiments charted in figure 5-97 ineloded
another sealer made with 40-percent nonvalatile,
which suecesled in damping out the Auetoations
i molsture content to o greater extent than the

genler with 30-percent nonvolatile and nearly as
welhl as the varnish did,

Wood sealers | however, have now besn is-
cartded in the Arny-Navy specifications and twa
applications of spar varnish conforming to Avmy-
Navy Specification No. AN-V-26 or ANSTT-V-
116 wre 2pecified instend. This procedure aceom-
plishes somewhat better protection with slightly
arenter inerease in weight than the former prac-
tiee of nsing two coals of sealer. Spar vavnish,
however, iz longer in oil and slower in drying than
i oo woeod sealer, For that veasom varnizh does
not hold ont subsequent coatings so effectively as
sealer does. The best procedurve for getting as
el protection as possible for the least increase
i weight would be to apply one coat of good wood
senler and one of spar varmish.

Oy interior surfaces two applications of sealer
or varnish ave commonly specified s g complete
finishing system deemed to Lave sulficient mnis-
ture-excluding effectiveness for the porpose.  As
pomted out in section 5.71, fungicide may be in-
corporated inthe senler or varnish to furnizh some
protection against mold, stain, and decay in air-
eraft to be nsed in places in which artock by fungi
IO DCe,

The first application of sealer or varnish may be
by brushing, dipping, or roll-coating, but some
specilicntions prolubit application by spraying,
The second application, however, may be by spray-
ing or by one of the other methods named.

On exlerior surfaces it has been customary fo
apply wood sealer or varnish g the first steps in
the exterior finishing systein.  When application
iz by dipping of assembled wings ar sther pars
the extevior as well ns the interior sirfaces neces-
garvily receive the sealar or vnrnish, Nevertleles
it iz not desirable to have a continuens conting of
unpigmentead wateriol interposed between the sor-
face of the wood and the final conting of enamel,
lneguer, or doped fabvie, To aveld sueh coating
with varnish, the exterior surfaces may be wiped
with rags modstened with volatile thinner imme
diately after withdrwwal from the dip tanls £o re-
move all varnish that hos not sonk into the sure-
fnes of the wood.

6.7504 Wood filler. Wood filler i3 essentially a
highly pigmented sealer designed to G11 and level
off the large pores in hardwoods having poves as
Inrge o larger than thoss in bireh, The pigments
are commonly ailicn and magnesiom silicete o
gimilar pigments of low opacity. Filler may be

Far
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fornished in the consistency of paste to be thinned
before application or it may be fornished ready
for spplication.  Filler may be applied by brosh-
ing, spraying, or mopping; but in any case, after
much of the velatile has evaporoted but before the
regt has hardened, it is wiped with rag, buorlap, or
moss peress the reain of the wood to pack the large
poves and Femove pny sEoess,

Filler when used should be applied to bare wood
before any other finishing materiel is put on, A
good filler, proper]y applied, serves both as sealer
amd filler; nevertheless, a cleny sealer is sometimes
applied before or after wood filler. Application
of sealer before filler inter-feres with proper pack-
ing of the filler into the large pores of the wood
and therefore is not considered good proctice. If
sealer 18 wsed af all in conjunetion with the Gller,
the filler should be applied first and the sealer
afterward,  Federal Specificstion TT-F-386a
covers paste wood filler,

8750, Sending serfecer. If o finish of mirror-
lilee smnothness is vequired on weod, it is neces-
sury to apply o coating of substantial thickness
that ean be samled soon after it i= dry to provide
a perfectly level foundation for enamel or lacquer
enamel. Ease of sanding is achieved by maling
sanding surfacers with o very high proportion of
pigments so that the coating, as soon as the vola-
tile thinner evaporates, i= somewhat porons and
apongy.  The pigments used, such as msgnesiom
silicate and china clay, are largely of low opacity,
bt enough opgue pignuent, such as ttaninm di-
oxide, 15 commonly incorporated to give the coot-
ing gooil opacity. For aiveraft naes, sanding sure-
[ueers are naually either white or gray in color.
Army Air Forees Specification 14115 eovers “Sur-
fucer; Adveraft (for wond) .

Tnelusion of surfacer in o finishing system adds
materially to the weight of conting without pro-
porticnately Improving either the protective
walue or the durability, The film of surfacer is
too porous to contribite much protection, and it
i inelined to bevome brittls as the finish ages.

6706, Patekiag puttics. Patehing potties are
essentially surfucers put up n poitty consisteney
for application with o putty Lnife or with the
fingers to fill and level any holes, evacks, or ofher
blemishes in the surfoee.  The nail holes left after
strip-nnil  gluing, for example, unless satisfae-
torily filled with wood filler, must usoally be
puttied before fnishing enamel is applied.

557, Ewemel.  Althongh wood  filler, and

sanding surfacer are really forme of enamel,
the term “emamel™ when not otherwise qualified
iz nzually reserved for the product wsed for tha
final eoats (finizsh cont) of a finishing system.
Enamels may be gloss, semigloss, or lusterless
The lugterles enamels for aiveraft and other war
material are colled camouflage enamels The
gloss ennmels econtain only encugh plgment,
chiefly or entively opaque pigment, to give them
acdegquate hiding power and color and good work-
ing properties. The coating left after applica-
tion and eseape of the volatile thinmes contnins
enough drying oil and resin to f11 all interstices
between pigment particles and, in addition, to
leave a film of elenr material over the surface,
which provides the high degree of gless. The
seinigrlogs cnmmels eontain more pigment, some of
which is usnally pigment of low capacity (extend-
ing pigment) so that the dried coating contains
barely enongh deying il and vesin to il the in-
terstices between particles of pigment. The
cunouflage ennmels contain still lager propor-
tions of pigment, largely pigments of low opacity,
g0 that the dried coating contnins insuficient oil
andl regin to fill the interstices hetween particles
of pigment, and the surface 1= therefore lefi

~ slightly rough.  Light is reflected diffusely vather

than speculavly from such a surface, making the
gurfuce lusterless, but the coating itself 13 neces-
garily somewhat porous and gpongy and ollows
moisture to pass threngh it too readily to provide
sppreciable protection for wood,

Talde S=18,  Felutive Froportioes by Valewee of Fogeedion
Por Galian of Product Beady for Application for § Finishes
Volume ol Ingrediet per |
pillon of Pt ready tor |
apyligs ko
. - Toal :Illl-i Ratin
Finizh redasil |
‘ sclvepty .-"ﬁ‘l:‘r':ft | P
aml | RO | men
Uhizanirs Eniil g
' ] r P Jd=i)
Hallen fatlae | fallan
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The velative proportions by volume of volatile
ingredients, v; nonvelatils ngredisnis, 7w pig-
ment, @y and the ratio of plgments to nonvelatils
ingredients, p (I—w}), differ among camouflags
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enimel, gloss enamel, gloss leguer enpinel, and
glosz-pigmented dope as hudicated by the repre-
sentptive data in toble 5-10.

5.6, Amorarr Frxmsmne Sverems. Although
the Forest Products Laboratory has developed
basie principles of wood finishing in many fields
[ §=44), it has not studied atveraft finighing long
encugh to wuke ite own recommendations of snit-
able systems. Acecordingly, the systems described
hevein are those set forth as minimum reguive-
ments in Avmy-Novy Aeronauticn] Specification
AN-C-88 Although a number of optional finish-
ing systems are authorized by Speclication AN-
24, it s provided that enly one sypstem may be
nsed for a given class of suvfaces of any apecific
meodel of nveraft,

BT60. Frderdor syetem A, For imterior surlaces
not exposed to view, sueh as intevier snrfaces of
wingrs, the mindmum fnish now speeified consisis
of two applicetions of varnish conforming to
Army-Navy Aeronanticnl Specifiention No, AN-
V26 or No, AN-TT-V-1106.

Sparation 1. Apply by brushing or dipping
1 eont of varuish and pllow to dey Tor not
legs than 6 hours at room temperature o
not less than 20 minotes ot 150° to 160° F.
This varnizh may be thinned with aromatic
naplitha, Type I Geade B, of Specification
AN-VV-N-9G. The surface must not be
aandad after the varnish has dried,

pevation 2. Apply  “by  any  comonercial
metlged producing a wet flm® [ coat of
varnish.  Any thinning of the varnish must
bir the “mininmm  eonsistent with the
method of application.”  If drying is af
room temperatire, the work i3 veady to hoo-
dle in not more than 6 hours; if dried at
1807 to 1507 7., it iz veady to handle in 30
iinntes,

Woaod filler is not required,

The weight added by application of Interior
System A shonld be vet less than L6 nor more
than 8.0 ounces per square yard (001 to (021
pound] per sgquore foot). Even the minimum rep-
regents move generous application of sealer or
varnigh thon has been the practive of some aiveraft
mannfactnrers,

6.701, fnéerior sysiom 8. The degres of pro-
tection afforded by Syetem A, even when applied
at the maximum weight, 15 not great. For ezt
protection on sueh surlaces s wheel welle and

surfuces of linlls below the feor boards, the mini-
mum aceeptable fnish is System B, as Tollows:
Dperations 1 and 2. Same as in System A,
Opevation & Apply another cout of varnish
as in Operation 2
Chperation 4. Mix 12 to 16 onnees of alimi-
num paste conforming to Speciffeation AN-
TT-A—61a with one gallon of vavnish.
Apply 1 cont of the misture by brushing,
gpraying, or dipping, The some tine is
alloweed for dreying az for Operation 2,

B.T62, fotorfor surfoces coposed to view. The
mindmmm fimehing syatemns Lor interior snvfaces
exposed to view nre the saine as those specified for
exterior surfaces when not covered with fabaie
exceph that on interior surfaces the application of
wond filler on woeds with large poves, sueh as
oy, 1s eptional, wet mandatory, There are,
however, a number of options, and 1t i3 not neces.
sary toselect the same option for both the intevio
expoge] siefoces and the exterior snrfpees of o
aiven moedel of avernfl. Tnterior exposaed s
faces, for example, may be finished with o lnequer
system, wherens an enamel systen or o fabrie and
dope system may be used on the exterior surfaces

The weight acdded by application of finish to
interior exposed surfaces shonld be not less than
20 nor move than V.0 ounces per equare yard
{021 to 0052 povmd per aquare oo,

0708, dreps of conéact between anetol end
woed.  Arens of contact between metal and woad
shonld e protected with varwish eonforming to
Specification AN-V-26 or AN-TT-V-116. with
aluminized bitwminons paint conforming to Spe-
cification AN-I'-21, or with other materials ap-
proved by the procuring agencey.  The number of
coats is net provided in Specifieation AN-C-81,
bul wt least two coats of virnish are mecessary do
afford much protection, though one heavy coat of
pluminized bituminons paint may sulfice.  Dito-
minona paint, however, moy nod be used where
aurfuces may come in contact with gasoline, with
achiditional paint eoatings, o1 with personnel,

504, Faterior syetem © (encmel),  The min-
immn system for exterior surfaces when not cov-
eped with fobrie and when it is desived to use
oleoresinous enamel for the finish coat consists of
Syztem A plos one cont of enamel. The enamel
must eonform to Specification AN-E-3 in the
color vequired by the procuring agency when n
gloss finish is specified and to Specification AN-

%9
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E-T in the requived color when comouflage finish
is specified.
Operations I and 2, Bame as in System A,
O peration 3. Apply by spraying or brushing
1 cont of ennmel, The enamel mav be
thinped a3 requived for good application
with not move than ane-fourth its valumne of
mineral spivits conforming te Fedel
Spectfication TT-T-201 for gloss enamel,
or of aromatic noptho, Type T, Grade B, of
Specification AN-VV-N-06 for comonflage
enamel.  Gloss ennmel dres at voom tem-
perature  within 18 hours, camonflage
eigimel within 1 hour,  Some gloss enmmels
dry at 1307 to 1507 . within 2 hours.

O woods with pores larger than these in biveh,
guch ns mahogany, System C is unnceeptable be-
canse it dops not make the surface emooth enongl.
Either of two optional modifications muost be fol-
lowed. Under the firsi option, a coat of liguoid
wondl [ller may be applied *in addition to the two
varnish eoat=”  The novmal place to apply filler
is priov to Operntion 1, ot Specification AN-C-50
permits the application of filler and varnish in any
sequence approved by the proeuring agency.  Tn-
der the second option, sanding surfacer may he
applied between Operations 2 and 3. The Specifi-
eation provides that *when surfacer is used the
processing sholl be so controlled ns to legve a mini-
mum thickness of the surfacer consistent with
aeceptable smeothness.™

BAGE. Exterior system D (lacquer anamel),
When lacquer enamel is used for the finishing
conts, the minimom svsten requives that two conts
of lacquer enamel be used to veplace the one cout
of oleoresinouz ennmel in Systemn C Gloss lac-
quer enamel must comply with Speeificntion AN~
L29 and eamenflage lacquer, enamel with AN-L-
al.

Operations 1 and 2. Saroe as in System A.

Opavation 3. Apply by spraying 1 coat of
lacquer enamel, - The lacquer enamel may
he thinned with not more than half il vol-
ume of lacquer thinner conforming to
Specification AN-TT-T-256, At least 40
minutes should be allowed for drying.
The surface may then be sandpapered
lghtly if necessary,

Operation 4. Apply by spraying 1 coat of
lncquer enamel.  The luequer enamel may
be thinned with not morve than half its vel-
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mwne of lacguer thineer conforming to
Specification AN-TT-T-456. At lepst 40
minutes should be allowed for drying.

On woeds with pores larger than those in birch,
Syetem I requires one of the two optional pre-
cecures alveady deseribed in connection with Sys-
tevn O, namely. wuse of liquid woed filler or of
spinding surfucer in aldition to the two coats of
seqler in ovder to obiain o smosther surfaoe,

The weight pdded by application of finishing
Svstem 0 or D sliould be not lesz than 5.0 noe
maore than 7.0 cunces per square vard (D021 (o
0062 pond (e square Toot),  The upper liomt
shoeuld be approached only if sanding surfacer s
nsed.

0.7T66. Syatenn & for floats end Aolls. Speci-
fication AN_C—83 provides that “exterior surlaces
of floats and hulls balow o line 12 inches above
ithe Ml Joad woter bine shall be finished with 4
eoats of varnish and a hull-bottom fnish system
1z specified by the procoving pgeney,”

.77, Fabeie covering  over Pyaod,  The
proctice of covering exterior surfaces of plywool
with fubrie and then fmshing with dope offors
the following advantnmes:

1. It dollews a fimshing  procedorve  with
which most aireratt monafocineers have
had long experience and for which their
plants ave adequately equippsd,

. Edges of plywood and joints between face
vengers or sheets of plywood can be cov-
erec stnoothly with lictle donger of pre-
mature eracking of the finish at the edges
or over the joints,

& Any checleing that develops in faces of ply-
woedl usually remoins conceanled.

. Presemce of the fabrie imparts geeater ve-
sistonce of the finish to alvasion, for ex-
anple, by sand theovwn wp duving landing
anil talee-off,

. When finish must be venewed, the old fab-
ric and dope can be stripped of com-
pletely 2o that new finish can be applisd
without incrense in weizht,

The chief disadvantages of the fabric and
dope finish are excessive weight, and the
low degree of protection furnizhed for
the  wood, and  comparatively  low
durability.

Specificalion AN-C-83 includes the reguire-
ments of cotton fabric for covering ply-
wood where no portion of the loading is

1
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carried by the Inbrie,  Army-Navy Spec-
ification Mo, AN-C-121 covers airplane
cloth when some poriion of the fabiie
carries load, Tape is coversl by Speci-
fication No, AN-T—=8, Predoped fabne
conforming to Army-Navy Avonauticnl
Specification o, AN-U-115 [eellulose
niteite predoped) or AN-C-152  {oel-
luloze ncetate butyrate predoped) is per-
mitted, in which case it must be applied
in aceordanee with the divections of e
minnn facturer.

5,764, Findaling spetem F { falie pnd celliloge-
nifrate dopa).  Operations specified for applying
fobrie awd celluloze-nitrate dope are;

Operations 1 apd 2, Apply two coats of var-
nizh over the plv'n.ﬂurl as in System A,

Ohperation 3. Apply by br LISlI.ZII'I" Or SRTLYiRE
1 coat of dope conforming to Specification
AN_TT-Ts1d. Thin the dope as re-
quirad with thinner conforming to Speci-
fication AN-TT-T-256 or AN-TT-T-258.
The depe may be colored slightly as a goide
in application, provided that it is not made
opaque. Allow 1 hour for deying.

Gperation 4. RBepent Operution 3.

Chpepation 4. Lay the fabric in place and, if
desived, tack it lightly. Set it in place by
Brushing in one direction with dope thinner
or with thinned dope (“pull-over solu-
tion™). Releaseany air bubbles imprizoned
wnider the fabric by puncturing with pins
if necessary.  Allow 1 hour for drying.

Cépagation &, Apply by brushing 1 coal of uo-
colored  dope  {Specifieation AN-TT-D-
14} thinned as vequired to wet the fabrie
thoroughly and prodnce maximum wdhe
gion. Allow 1 hone for deving.

£ paration 7. Apply fabric tape over all un-
stitched fabrie joints and over all exposed
1l anil sevew heads. Loy the tape on wet
dope and cement in place with thinoed
dope.  Allow 1 hour for deying.

Epavation 8. Repeat operation O, except that
the dope may be applied by either spraying
o brnshing,

frparadion 2. Repeat Operation 8.

Operation 10 (eptional). Sand lightly with
paper vol convaer than No. 280 if necessary
Lo smooth ont the nap of the fabric,

Cpavotion 11, Apply by speaying ov broshing
1 eoat of pigmented dope of the color and

derres of ploss speeified by the procuring
agency.  For spraying, the dope may e
dhimmed with net more than its own volume
of thinwer conforming o Bpecification
AN-TT-T-256. For brushing, the thinoer
mnst wot exeesl one-fourth the volume of
the dope. Allow 1 hour Tor deving.
2 pawtion 72, Repeat Operation 11,

The dope for Operations 11 and 12 oy be, 03
gpecifiedd by the procoring agency, gloss pig-
mented dope conforming o Specification AN-
T -5, aluminized dope conforming to Spes
ifeation AX-TT-T561, or emnonflage dope con-
forming to SBpecifieation AN-D-8, Tha alumi-
nized dope s supplied asa clear veliele fo be moixed
on the joby ns follows: Add appproximately 12
ounced of aluminum paste conformivg to Speci-
fication AN-TT-A—4ila to 1 pint of the cler
dape, stiv thoroughly, then add enough elear dope
to bring the total volume to 1 gu]lnn, wnd finally
thin ag deseribed in Operation 11,

G.700. Finishing syatem F ( fabede and cellulose-
-:n:“e:tax.s butyrte dopa).

O pevations T to T, Bame ns in System F, boih
n& b materials and procedore,

Operation & Apply by spraying er brushing
1 roat of elear butyreate dope conforming to
Specification AN-T-1. Thes dope may be
thinned as vequived for sood application,
using thinner conforming to Specification
ANST27 or ANST-28, Allow 1 howr for
drying.

I";";’:I:?r‘t-'-t-:ml a2 REPLM Ciperation &

G pevation 10 (aptional). Sand lightly with
paper not coavaer than o, 2330 1 necessary
to emooth the nap of the faleic,

Operetion 11, Apply by spraying or broshing
1 eoat of pigmentad butyrate dope conform.
ing to Specification AN-D-2 if the pro-
curtng agency requires oloss finish or Speci-
fiention AN-D-1 if camouflage finish is
required.  The dope may e thinned as
necessnry for good applieation.  Allow 1
hour for drying.

O peration T2 Repeat Operation 11,

The weight added by finishing System T oo G
should be not less than 4.5 nor move than 70
ouneas per square vard (L0631 o 0,052 ponnd per
square foot) exclusive of the Tabrie, which weighs
not muore than 5.5 ounces per square yard (024
pound per square Toot) in addition,

am
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BRI, Fasdgde, The application of inalgnia
after the exterior finish has betn otherwise com-
pleted is described n Specification AN-T-,

607, Meraon: or APPuyive Iixisoes.  As a
rule; all major finighing operntions that involve
application of large quantities of finishing wate-
rials should Dbe performed in o finishing room
sepornted from the rest of the factory and wsed
only for finishing operations. The room should be
maintained in a weat and orderly monoers, with
particnlar eove to leep it free from dust aml fo
minimize five hazapds, Good ventilation is essen-
tinl,  Oleoresinous finishes vequire oxygen from
the air for deying, and lasquers and depes demand
movenent of air ample to carey off the lorge vol-
ume of solvents and thinwers given off as they
dry,  Accmnulation of such vapors constibutes
both o five and o health hamrd,  Positive ventila-
tion by foreed deaft, suficient to effect at least 15
eomplete changes of air per hour, i3 highly desir-
able if not essential in finishing rooms in which
much dope or lnequer 15 applied.  Incoming aiv
should e freed from dust by passing it through
chesseclotl, very find mesh sereen, or other suit-
able filters.

The tempernture of the finizhing voom should
not be lower thon T0° F. and should be held as
wniform ag practigalde.  Finishing materials be-
come heavier in viscosity at lower temperatures
pued thinner at higher temperstures.  Although
soane adjnstinent can be made by altering the pro-
portion of thinner, voiform temperainre pronoles
uniform applieation and voiform mie of drying
of fimishing moterinls. The eprimum relative
hwnmidity in the Goishing room is approximate|v
G0 percent. AL T0% Fthis tends to Dhold wood in
ihe range of 10 fe 12 pereent moistire content, and
under sueh conditions finishes dry satisfactorily.
If the velative humidity i= too high, eoatings tend
to vernain tacky for o long time and dopes and lae-
nuers mny be damaged by “water Blughing” doving
application.  (Blushing is o condition of whiten-
ing of o eonfing caused either by o separation of
some of the velicle constituents or by draplets of
witer emulsified in the coating before it hos
e, )

In ihe winter sensoen, sir conditioning of e
finighing voom can be aceomplished easily and
econoinically by Dheating the income aiv o 707
I, andd ruising ite velative humidity to 60 percent
by means of steam jets or other convenient devices,
Under swmmer conditions, however, coaling and
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dehumidification of the large volume of ale re-
guived present serious difficulties, expecially in
Places wheve cald waber in large volume is un-
availoble. Tn spite of its difficulties, air condi-
tioming during summer wenther is exeesdingly
helpful in regions where the relative humidity
may vise wneh above 60 percent, because Mushing
may then prevent all applicstion of dope o loe-
fuer until the weather changes,  Where there is
no provision for debumidification and difieulty
with blushing arises, the relative humidity can be
lowered Ly vaizsing the tempernture of the finish-
ing room stll higher insefar as that is practicalle,

Spraying is the principal method veed to spply
atveraft finishes, but for certain operationg brosh-
ing is bBelieved to give better results or 18 more
canvemient, and for atill others dipping is prac-
tiewd, Less frequently nsed methods ave rall coat.
ing in equipment moch like gloe spreaders, maop-
Ping on with rags or suitable applicators {sealors,
varnish, nud fillersy. wiping off with rags o ather
muaterial (fllers aud sometimes sealers and var-
nigh), and knifing with potly lnife or spatula
(=urfmeesrs nnd putties).

TN Spraying.  Spraying is= a vapid method
of appliention especially effective when applying
very fast-dhving  products on lavge anrinces,
Spraying can be doue only in spray booths or
#pray rooms equipped to exhonst the mist wnd
fumes; hence the worle must be brought to the
greay booth. Tn most States there ave detailed
laws governing equipanent aud snfety precantions
for industrial spray fimishing.  Teclnieal details
about the equipnient needed for specific operations
ave obtainable from mannfacturers of spray equip-
ment.  For hot spraying, special equipnwnt is ve-
aquired.

Typical sproy beoths for aiveralt Goishing arve
ghowin in Agures G-00 and 5-100, -

0.7 Brughing. Brushing is uvsed for small
jobs along the assembly line where it is more con-
venient to bring the finishing materials to the part
than to talee the part Lo o gpray booth,

A few operations ave betier done by broshing
than by spraving, The first cont or twe of dope
are usnally bruahed on fabeie, because the pres-
anve of the beush on the fabric brings about better
peneteation and helps to relense air bubbles,
Many finishers believe that senlers, varnizh, and
fillers con be applied on previonsly uneoated wood
mare effectively by broshing than by spraying,
Lk this view is not pocepled sverywhere,
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Figure 308, Tapiral speey hoetl for feisidag alreref pesfe by spraping,  Tle aperrdor qpenrs & maoak for
profestion egaingd paing mish

Figunre §i-IW), Sneapiug @ freodoge 0 g speey boath, Nobte biop paets pof fo be sprodnid e meaibed awidh gl pes
Frodf iu placs eellh weasl-Edig b
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AT72 Dippiag. Dipping is o methed of vapid
application that permics appliention of finish to
nterior parts inaceessille to brush or spray.  Fig-
urz =111 shows a Py weoilsetvared l.1.'j|% speting
beig dipped in sealer to finisl oll of the interior
sirfaces and seal the outside surfaces 0o single
operation.  After carl Jdip the excess sealer is

wipel from the outsilde snrfaces witl rings wattod
with thianner,

Figgee J=001. INppieg foalk: seb in fore of feishing voai
Boldfig olasd 2000 goffops of coruish sonler du ke
pigwondserioredd aring seciions are dipped  licioe To
faieh ol inforior avfaces wad Fonl (e et aide l"“-",rrl'-ﬁ'-\.'l'-

Figuve i-102 shows the dipping of a wing see-
tton that is to be subsequently covered with fabrie.
Thie surfwees in this case might be aeeessible for
apraying. bot dipging ie Taster sl insorves more
certuin penelrution of the Aoish into poclets ke
ihose formed between rvib caps, diagomal braces,
anel .l_'.llh"ﬂ":-i,

The tanl shown in fignee 5-101 holds 2,000 gal-
lowis of sealer, the e it ion of wliteh sl be
cliecked Trequently to vestore hinners gradually
Yewst by evaporation sl to avoid “livering™ {coag-
iwation Forming a jellyy of sealey that remaing in
the tanl long envugh to heeone serionsly oxidimed,
Pigmented products ave more diffion]t io apply by
dipping than ave eleay prodocts because the pis.
pienis el Lo settle, ||'|:Il-::ll'lg 1 npeessnry to E)]Hl'.']ﬂn-
agitation to leep them in suspensio.

BT Forved deging, Drving time can ofren be
greatly veduced by raising the temperature mod-
erately, A typieal oleoresinons extevior inishing
syetemy, consi=ting of senler, surfacer, and 2 eonts
of mloss evamel, which vequives 25 hoors of drving

Jo4

A . il ke L e s
Firwre S—T02,  [hippidg frwd eef e foop af deish g roei
ahiapiag weolkod af Nelzhing iviadicork af wing peofion
later o de eoiwved apith fabrie a8 seci fe fodee S=104.
Naodg fvain rack du doekiromnd,

tie at 707 K, ean be dried in 43 hews in the
foveed drving vonm shown in figoee 5-1035 ot o
temperative of 130° F.oand a velutive homidity
of i pereent,  Wheve the work progreses theongh
ihe Hui=hing voo on dollies soely as thae shown
i figirve 8102, 1t 18 not diflienlt to mnke use of
foveed deving,

d

& e

|

! i
.. ~ .

Figee G-J08, Papicni deping seow Jor forced deging of

piverefl Sadehis gp JTE0° F, dey Dalb, 87° F el Daib (59
pereend relalive hirmidityh,
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Sl ke L ; | et s et = o
i'"l'ﬂH-"'l.! S=J04, Fabrig-ooperad wivg seclion affer appilping
eleday dope. Phe eloer doge eopdabge g finfle ue dye for
letfifeadion i £he focdery, Nofe (ke dedly of swkich
the gping sepfica if dwopod fleearal the vorioug sicns
b fTnisling.

For wood finishing, drying-room temperatures
ave limited, A too sndden increase in femperatura
may cause blistering of contings resulting from
exponsion of the air in the wood and exeeszive
drying of the wood. which mnst be avoided.  Huo-
midification of the diying voom prevents inovdi-
nate drying of the wood but, if the relative hu-
midity control is set too high, cold wood entering
the deving romm iz far below the dew-point tem-
perature and water thepsfors condenses upon it to
the detriment of the finish. At 130° I, o relative
Ivmmidity of 65 percent would be needead to leep
wopd at 10 percent moisture content ; but the dew
point 1= then 114% ., far above the tempersture
of the Auigling rocn amd the temperature of Hn-
ished parts entering the deying reon froan the
finizhing room.  Seriovs eondenzation therefore
goenrs, Kxperience has shown that 1807 F. and
30 percent relative homidity n the drying roomn
are suitable provided that the temperature of the
finishing room and of the finished parts iz not
allowed to drop below 705 F. Although the daw
podut forr 1507 F, nnd 30 pereent velative humidity
falls at 857 F. the finished surfaces evidently reach
tliat temperature before condensation talies place,
Under the conditions in question the wood Ioses
le=s than 2 percent of its moisture during forced
drying of o spstem that vequives 445 hones,

578, Specian Propcexes Anmsixe From Cow-
srrveriow Procepones,  Several special problems

of linishing arize from necezsnry procedures m the
manufncture of aircraft,

6.780. Finishing  swifoces  fnooeessible  ofter
peseanbling,  The interior surfaces of plywood-
covered wing sections ave usually inaceessible
after the plywood covering has been glued on both
sicles, vet Specification AN-C-83 requires that all
of the interior surfaces including the inside faces
of the plywood covering receive protective finizlh,

One method of conplying with these require-
ments is to complete all gluing before any finish
hits beon applied and then to apply the required
two eonts of sealer by dipping the wing as shown
in fipure 5-101. The vent holes in the botiom
slein, inspection ports, and lightening holes admit
sepler within the wing, allow the enclosed nir to
ezeape. and then permit excess sealer to drain ong
after lifting the wing from the dip tavk, A vari-
atiom of the method is to holid the wing in o suit-
phle deviee for rocking and rotofing it, pour an
ahuntdanee of sealer ipside through a convenient
opening, slosh the sealer around inside until all
surfaces are believed ceated, and then drain out
the exees sealer.  Neither procedure admits of
pclequate mepection of the intevior surfaces after
finishing to see that no areas have been skipped
anid no puddles of excess material lave been left
bahind.

Another method of mesting the requiveiments
of Specification AN-C—=5 1= o complete the
pesenbly o the point ot which the plywood 2kin
lins been glued on the top or bottom of the wing
pnd the second sliin has been cut and fitted accu-
rately but hias not vet been glued down,  AlL glue
lines for attaching the second slbn most then be
levetiad, morled off, and protected from contami-
nation with finish either by covering theny tem-
porarily with masking tape or by special care in
applying finish.  Finish may then be applied to
nll interior surfaces except the glue lines and
allowed to dry. The masking tape, if used, i
then removed and the second skin iz cavefully
elped in place,  This procedure olwiously is slow
and labovious and fuils to apply protective finish
ot the edges of glue lines between rib and epar
caps and the second skin,  Any creeping of finish
into slue Tines or inacewrmey in locating and ad-
justing glue lines may produce weals glue joints,
Ancther variption of the procedure that permits
gomnewhat faster production is to nzeemble to the
point af which one alin hias been glhied in place,
ppgrly finish to the interior surfaces of the assem-
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bled povtion and lel it dry, cot and fit the second
skin, spread glue on the rib eaps and spar capes,
place the skin in position just long enongh for
some of the wet glne to eling to the skin to marl
the glue lines, remove the sk and apply interior
finish by hand, and then complete the gluing while
the interior finish i still wet. This procedure
encoirages contaminntion of the gloe with sealer,
admits of one coat only of sealer on the second
slein, and prolongs the assembly time to the point
at which the glued joints ave of doubtful gquality.

Some sealers are much more nearly gluable than
heretofove considered possible, particalorly when
the gluing is dene with low-temperatuve, phenolic-
vesin glues. No sealer has yet been found, how-
ever, that the Forest Products Laboratory consid-
evs velinbly glieable for aweraft porposes, Ei-
forts have been mode to use resin glues for the
doal purpese of providing protective finish for
interior surfaces nnd gloing plywood sking in
place.  SBome resin glues when thinned and ap-
plied as plywood coatings weighing 0.02 to 0.03
pound per sguare foot afford safficient moisture-
excluding effectiveness to meet that vequiremnent
of the former Specification AN-S-17 and leave
anrfnes that ean be gloed frmly ; but the intericr
finishes so prodoced ave brittle and inclined to
ernge.

A practice followed for sone time in the con-
struction of sone Canadion and British airplanes
but wot admizsible woder Specification AN-C-33
iz to apply no finish whitever to the interior sur-
fuces of top shins, In manufactore, the boettom
gldn 15 glued to the frame fivst, after which pro-
tective finish can be applied readily to the inside
of thie hottom skin and to the vibs and spors for o
distance approximately two-thirds of the way
toward the top.  The top skin, with no finish at
all 15 then glued in position.  Since any free waler
thit gets into enclosed spaces will drain down over
the bottom surface to the vent holes sl the top
skin i3 repentedly wormed and dried by exposure
to sunshine, this proceduve offers n reasenable com-
promize by supplying protective finish at those
points where it moy be most useful and svodding
the bottle-neck in assembly ioposed Ly the ve-
quirement of finish on all interior zorfuces,

.TRL, Plee squecze-out and affier confaminants,
The incompatibility between gloes and finishes af-
fets finiches adversely when applisd over #lue
squeeze-out or other contamination of the surface
with glwe, On interior enclesed surfaces, the na-
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ture of the gluing sperations males it diflicult to
minimize sguesge-oul and inaccessibality makes it
hard to remove the excess glue subsequently. It
1= customary fo npply intevior finishes on enclosed
surfaces divectly over any glue squeese-out that
may b prezent even thongh it g realized that the
havdened glie and finish often chip off in service,
lewving a portion of the weed wnprotested.

Om interior exposed suorfaces and on exterior
surfaces every practical effort should be made to
prevent excessive aguepze-ont  during  gluing,
Bpecification AN—C-83 vequires that such snrfunces
e free from squeeze-oul extroded move than one-
vighth inch bayond joints. Even one-eighth inch
of glue, however, is enough to conse prematuce
fatlure of finish over the glue, and the failure may
then speead farther over the surlfoee. Light sand-
ing of arens contaminated with glue, enough Lo ex-
pose clean wood fibers for contact with the finish,
is perinitied. .

Other foreizn substances solling surfpees to e
finished, such az oil or grense, ave objectionable
and should be remaved as completely as possible,
Naphtha may be used to sponge off ofl or grease,
but it sheuld be appliad first sround the sireum-
forence of the soiled aven, working in toward the
oenter, in order to avoud sprending the oil or grease
aver a still larmer nreq, At best, the contaminants
can be vemoved only in pavt, henee the most affec-
tive precnutions are those that prevent soiling of
the surfaces in the Grst pluee.

Coare shonld be exercised in the cholce of ma-
terinls for placing inspector’s markings, part nam-
bers, batch numbers, and other control infor-
mation on areas that may beeoane pavis of the sar-
fnees bo receive hnish, As fav as practical such
markeings shonld be placed on faees that will ulti-
mately be concealed from view, but in any case
the marking material shonld be one that will not
havny finishes.  Grease-pencil and lumber-mark-
ing erayons containing wax are harmoful,  Owdi-
nary aoft graphite pencils and common stam p-pod
inks made with warer-aoluble dyes may be used
safely.

Burinces to be finished should be free from dust,
sander dust, divt, or other foreign solids.  Saw-
dust, shavings, chips, and loosened glue squesze-
ont should be vemoved from enclesed spaces be-
fore they become naccessible,  An air spray is
usafurl for such cleaning but a vacuum eleansr js
better and an old-fashioned tack rag {a g made
sticlky with partly dried oil or varnish) still better,
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5,782, Rrposed edger of plywood and other
ond grafn wood. Good desien will minimize ex-
posure of plywood edges and butt joints by
searfing or giher detnils of construetion.  There
miy often be some edge exposure, however, at
vent Tles, inspection holes, and fittings.

Taping of exposed adges 15 probably the safest
procedure for providing effective protection of
both the wood and the finish. Holes too small for
taping, such ns vent holes, can be closed with
metal or plastic groomets, Specificntion AN-C-
&3 requires that end-grain edges on interior parts
receive at lenst two eonls of varnizh (system A)
and, on exterior pavts, at least three coats of
varnish unless they ave to be covered with dopeed
fabrie. Cleny warnizhes, however, are not very
effective on end-grain wood. Highly pigmented
fillers nve more effective,

Fov end-grain snefaces and drilled holes in wood
spare aud other primary structural members,
Specification AN-C—88 reqgaires that the surface
be sanded smooth awd finished with two conts of
varnish plus one cont of aluminized varnish eon-
forming to Specification AN-P-31, except that the
hituminone paint may not be nsed on surfaces to
receive additional eoats of finish or that may come
in cominet with gasoline or with personnel.

o788 Vel holes or nedd heads,  Flush-lriven
npils or serews left in extevior surfages to be fin-
ished are likely to prove points of premature
Eailure of the fuish. The finigh usually cracls
over the junction of wood amd metal and the
failure progresses from the cracl. Specifieation
AN-C-A3 rvequires thal neil or serew heads he
taped after application of varnish.

Nl heles left from nuil-strip oluing or counber-
gunk nails o serews should be filled before fur-
ther finigh 1= applied. Holes in woods on which
woodl filler is applied should be filled sailiciently
to protect the wood and the durability of the
finisly, but fller alone will not make them level
enoigh to be entirely concenled from view. Very
small holes may be leveled after the application
pl snding of w surfacer, but lorger ones will s0ill
appear a3 slight depressions. I such slight de-
pressions arve considered sbjectionable encugh to
recjuite Turther leveling, they mnst he puttied by
hand with a gquick-dvying putty that is known to
ke compatible with the finishing system. As a
rule, however, a maore durable finish mav be ex-
pectid if the puttying is omitted and the slight

depressions over the holes allowe] to renmin
vigible,

O woods having no pores lavge enough fo e
fuitve wood filler, and where elight depressions in
the fiwish over nail holes will be acceptable, wod
filler may be applied over the areas in which there
arve noil boles enly, This may be done most eosily
ont the bare woood before varnizh i= applied.

G.784. Kfeat of soams in plywood fages, When
senms in face veneers of plywood have been well
grlued with water-resistunt glue, they have no ef-
fect on the behoavior of finish, The finish 2lould
remain as intact over the seam .oz it does over the
parts of the surface having no seame, except where
glie squesze-out oeenrs.

Unglued seams ave hikely to cause cracking of
the finish. The thicker the faee ply, the earlier
the cracking may be expected to set in, and the
wider will be the erack Tormed. Where the foce
ply i3 no thicker than one thiver-second  ineh,
eracking of the finish, though readily visible, may
not represent foo serions an hnpairment in the
durahility of the finish. If it is considered neces-
sury to prevent such crucking, however, the joints
may be eovered with fabric or paper tape.  Fabriz
tape is cemented in place with dope, paper tape
with either dope ov, better, with sealer or varnsh,

G785, Melntonence of finiales, (Gloss finishes
of enomel or lnequer tend to lose theiv gloss after
exposnre to the weather for some time,  Ewventu-
ally the color apparently fades and the surface
beging to chalk., The ploss nnd color can be ve-
gtored, and any dirt deposited on the surface e
moved, by washing at intervals with mild soap and
water, Strongly alkaline sonp oF cleaning agents
may soften the surface of the finish enongh to
result in removal of an exeessive smount of it
with ench washing ; hence, they should not be used,

Caumoufiage finishes are inelined to become move
glosay if they arve voabbed either when dey or in
the course of washing, They should be washel
az infrequently as possible, and then with the least
arnount of rubbing practicable.

Refinishing, unlessz the old finish is removed
completely, wdds weight to the surfoce,  Tf done
frequently, the added weight may tmpair the per-
formance of the crafi. For thet renson, refinish-
ing zhould be done as seldom a3 is proctical and
then with a minimum weight of enamef or lvegoer,
prefarably of the Eind applied when the craft was
made. Tf the old finish is bally craclked, it shoukd
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be sanded down s nearly ns possible to the bare
wood hefore being refinished,
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5.8. Propeller Manufacture

520 Grrwenan, To eliminate confusion, pro-
pellers are divided into two classes: those mnde
by lamivating together boards 34 to 1 ineh in
thickness, aud those made by laninating sheets of
vaneer 1ha bto 34, el in thickness, The first type

will hereafier be called “wond propellers™ and the
secand, “laminated veneer propellers™  The use
of the board laminate waterial is normolly con-
fined to fixed-pitch propellers, while the laminated

vepeer material iz usually confined to detachalbls
propeller Wades.

Propellers and detachable blades Tor both types
are nsually made in special propeller factories,
Their mannfacture requires equipment not naually
availuble in aiveraft factories.  The laminatel
veneey waterial, however, is nsually made in block
form by plyword factovies and furnizhed to the
propeller factovies, It requires equipment and
techniqnes nel vsually found in either aiveeaft or
ol ler factories,

Nominnl 1-inch lunber is conmmanly used in the
waking of ordinary wood propellers,  Species
permitted and quality of waterial requived are
covered Ly the current issues of Avmy-Navy Aere-
nantieal Bpecification AN-L-18 and AN-P-1ib
and Civil Aevonautics Manual No, 14,

The requirementz covering both species aned se-
lection of material for loninated venesr are sst
forth in Avmy-Navy Aevomavtical Specifiestion
Wo, AN-I-53,

.51 Grumwg Teenxmee. The thickness and
size of propeller blocks preclude the use of gloes
that vequive the apylication of heat to effect their
setting, except where suitably contreolled homidity
heating chambers or electrostatic henting equip-
ment ave available, Under curvrent Avay-Navy
specifications  only  room-temperature-setting
phenol, meluming, and resoreiuol gles are per-
miatted, These gluea can be set at elevated temiper
atures but are nornally employed at oo tewpor-
atures,  The roomn-temperature-setting urea Tesin
andl eagein mloes have suficient inoisture resistance
for this purpose, but their use is permitied only
by the Civil Aeronantics Administration.

The gluea should be mixed according o the
ingtructions of the wmannfacturers. For cassin
glues, a5 fo 10 pereent raduction in waler conbent
over that recommmendid Tor normal gloing opera-
tioma pids in preventing starved joint conditions
{=ec. 5.2T0).

5810, Selection of wmaterial. Boards from
which laminations are to be cut shonlil be selected
as outlined in section 24 and Specifcation AN-L-
18, Further considerations should be given to the
fact that, normatly, from 1 to 4 laminations wun
completely through the cenrer of the propeller
froan tip to tip.  These luminations carey the
preater percentage of the stresses, Specinl care
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should be exercized o abtain ns nenrly straight-
grain hoards ws possible for these, portienlaly
for that portion which will form the outer twi-
thirvds af the blude.

5.811, Preporation of leminatiens for gluing.,
In the mpoufacture of propellers, it is important
that the laminations before gluing be wmmformly
dry el that all laminations be conditioned fo
the saime motstore content,  The average moisturs
content of the wood at the tine of glning should
b between 5 nud 7 percent, but the maxinoann dif-
ference between any two laminations in any one
propeller should vot exeeed 2 peveent, These lim-
itations ave most ensily met in robs or planis
where the rvelative himidity is controlled (see,
517,

Tn providimg laminations of the proper widtha,
it may be necessary to edge-gloe norrow pieces,
The gluing technique employed in maling edge
to edge joints should follow that reconmendad
later for elning the laminations together., The
eilge to edge glning should be the fist gloing
operations wud should be completed in Lime to al-
lowr o conditioning period of at least 3 davs befone
the finul surfacing of the lnminetions,

From the standpoint of minimizing changes in
shape of the fnished propeller, it 1= highly desie-
able that all laminations m ooy propeller be of
either flat-sawn or quarter-savwn material and of
a gingle species, Boands thar ave traly Hat-sawn
should not be glied to boards that ave fenly quore-
ter-smwn, becnuse of their difference in shrinlmge
with moistare content changes, 1t is also desir-
able to arvange adjacent Toninations of dat-gawn
stock so that the growth vings of one are veversed
in position avd divection to the other to minimize
further the stresses and distortion,

Lminations sy beent from the boards in such
shapes that, when combined, they formn the ap-
proximate contouy of the propeller or to dimen-
siong Lhat are equivalent to the over-all lengih
and width of the propeller, Making afl lawina-
tions of the sane width is someshat move waste-
ful of waterial than eutting them to the approx-
imate eontour of the propeller, =sinee o larger
armonnt of waterial i3 taken off in the shaping
operation.  This waste, however, is reduced some-
what by placing defects in those portions that are
eut away, The foll-width luminations reguire
sonewhat move attention in assembly to keep
then Do propsr order, but oniform and adeguate
ghing pressure is more ensily applied to them.

By cither method, the hnnber s firse sorfaced
lightly a0 as to reveal the geain awd any defecis
thet may be present, By the use of patterns, the
laominations ave then antlined on the boards,  Con-
tomred laminations ave later band-anwed, Cave
shonld be exercized (hat defects arve eliminated
andl that the grain i approximately parallel to
ihe longitudinal axis of the laminations,

Usually the luminstions are then hored at g
proant equivalent o the center of the Lub, assem-
Lled as they will luter be glued in the complete
propeller, and fested for appeoximate balanee,
This facilitates the fined balaveing of the propel-
ler,  Bope shifting awd interchanging of Tnmina-
tions ig wsually necessary to being about appeos-
pmate balance,  Therenlter, the laminations are
anrfaced to final thickness,

Final snrfacing of the luninations should oecor
immediataly before gluing,  Specifiention AN-1-
Uil vequives that not move than 4 heors elapse
between final snrfacing and gluing. The suifaces
should ke aueoth and even, and each lTamination
should be wniform in thickness thronghont itz
lengtl aml wideh,

Rl Flrdag, The essentinl procedures in glo-
ing propellers are similar to those involved in
gluing straight, laminated wembers described in
geclion S42, exeept that the species used ave dif-
ferent.  The propeller species are hardwoods of
rither high specific gravity and require sciewhat
e closely controlled glning conditions than for
gluing the lighterweight species (sec. 527,

5815, Glue  apread. The glue should be
apread on the surfaces by machine, which gives a
move uniform coating and vedoces the time other-
wige gpent in threading by hand,  The ameoun of
wet glue spread, applied on one of the two contact
surfaces, per 1000 squave feet of single gione line
ghould be between 45 and 50 pounds of vesin gle
and between 65 and 75 pounds of casein glie, In
operntions where the assembly period is pee-
longed, it is advisable to spread both joint sur-
faces, in which ease the amonnt of glue spread per
nnit aren of joint should be increased about 25
percent, one-half the total quantity of glue heing
spread on each of the contacting surfaces.

5814 Assewdly time, The glue-coated Jwmi-
natinms gheulid be laind together as seon as sprend.
The mnterval between spreading the first gloe aml
the agylication of pressarve should not excesd 50
minutes ot T5% . {zee. B.261 and Aoy Ajr Fores
Specification 14140} with vesorcingl glue and 20
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inutes ab 707 F. with ensein and room-tener -
ture-setting uren glues, It is desirable to keepr the
psspmbly time within the lnits of 5 to 15 minutes.
The permissible assembly periods for the intes-
medinte-lemperature-setting  phenols vary with
diffevent glues, but they ave vsually longer than
for roon-lemperature-setting  wred il easein
rlues.

5.818 Pemperatuwre. Gluing  with  voom-temn-
perature-setting phenol, melamine, and resorcinol
glues should not be earvied ouwt when the tem-
perature of the gloe, the gluing reom, or the wood
is belgw 757 I, For the use of elevated temper-
atures, the maonofacturers’ recommendations and
the approval of the procuring agency ghonld Le
obtnined, For casein glues, the temperature limi-
tations are less eritienl, Information on eoring
time and temperatnre relations of high-tempera-
ture-setting phenolic glies are given in section
5,203,

5ELG. Pressing. Fov the species used in pro-
pellers, gluing pressuves of 200 to 2560 pounds per
square inch are reconunended,

When laminatious arve colb o the approximats
profile of the propeller, an adequate and uniform
distribution of pressoves during the gluing opera-
tiom is somewhat compliented becanse the lamina-
tions in the blade section are of differant widths
and are echeloned from top to bottom. The dif-
ficulty is often remedied by extensive use of block-
ing 30 arranged thet each lamination is flled oo
to approximately the same width and length, If
this system is used, it iz irpertant that the bloek-
ing material be planed to the sme thickness as
the lpminations.  Varlations n thickness of bloel-
ing material should not excesd 0.002 inch, Uni-
formity oan be assnred if the blocking materinl is
prepared at the smme time and with the some ma-
ehine setting ns the propeller liminations them-
selves, If the thickness of the blecking is not the
same as that of the correspending lamination, the
gluing pressarve will not be uniformly distributed.
When the blocking is so arranged, the gluing pres-
sure ean be applied in a screw press of the type
itlnstraved in fGgure 5-35.

Some operators reduce the amonnt of blocking
by the u=e of a great number of hand cluops, The
e of hvnd elamps offers diffiealty in zecoring ade-
quate pressure,  Fven with the heavier tvpe of
C-clamps (table 5-13) and by crowding the work
with clamps, adequate pressures may not be ob-
tuinedl, Further, the nse of many clunps vetards
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the pasembly operation and results inoo delay be-
tween spreading and pressing that may prove criti-
cal : therefore, thiz meithod is not reconmended.

Another method 15 the use of a permanent jig,
constructed o veceive in its proper place sach
Inmination of a propeller of o gmiven size. Tha
use of such a jig facilitates the assembly of the
lnminations but offers other difficulties, It neces-
sitates very exact machining of the lnwninetions
of suecessive propellevs so that the thicknesses ave
eonstant,  If the jig 8 made of wood, it should
be stored in an atmosphere wheve the humicity
is controlled to prevent dimension changes in the
jig. Conting the surfaces of the jig with wax
aldls in preventing adhesion of zlue and avoids
dumage when excess glne is removed.

Applying o uniform and well-distributed pores-
sure to luninntions that ave all of equal width and
Inial directly over each gther 1z not diffienlt with
presses of the tvpe illusteated in figoee 536
Hund clarops are nob well snited to this methaod,
Pressurve equipment sometimes used consists of
several amall but strongly constiueted onits of o
serew-Lype press, all boilt to the same design and
gize. Any desived number of these units are then
alined on teocks, which ave firmly figed Tor the
parpode to a good foundation, fo provide o press
whose longth may be made to snit the length of tha
propeller,

GBIV, Cenditioning. Tests show that wood pro-
pellers ehange their form, blade pngle, 10d balanee
when the moisture content of the assmbly is
changed appreciably either by absorption or by
diving out. It 15 desicable in the manofacturing
process to maintain g constant average moisture
content of the hlock doving the entire procedure,
ineluding the shaping and finishing operations
Thiz control of moistuve content can only be met
in adequately conditioned rooms or plants.  The
moisture content of the propeller azsembly is in-
evensad during gloing with cold-setting gloes due
to the moiztore supplied by the gloe (see, 5.20],
When 84-inch lnmber is glhed with cobd-setting
urea-resin glues, this moistore inerenss is abont 1
peveent.  With cazein gloes the meistnre content
increase isabmt 2 pereant. When 3j-inch hnnber
is glned with room-temperature-setting resoreinoel
glues, the moistore incrense is approximately 05
percent.  This modsture will diffuse throngh the
wool, and the blecks az o whole will nob chaoge in
meisture content if they are held in controlled
humidity rooins that maintain a moistore content
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equilibrivm for woed at 1 to 2 percent above the
maisture content of the laminations at the time of
gliing., Tnder vocin temperatures, the condition-
ing should contivme for at least 2 doys before rongh
carving and from 6 to T additional deys before
finish carving or a total conditioning pertod of T
tr 0 days, Mobsture diffnzes throngh cherry, ma-
howany, the oaks, and waluot somewhat more
slowly than through bireh and maple.  Conse-
uently, blocks made from the first group of species
should ba allowed the lomger conditioning period.
By using higher temperatures, as 120° F., the
conditioning period anggested for romm tempers-
ture may be redueed by approzimutely one-half,

4.82, Bmarmxe Preoveccers. After condition-
ing, the propeller Ulanks muost be formed inte fin-
izhed shape by cotting and carving, partly by
_ machine and partly by hand. Before shaping, hub
* foces should be made parallel with the centerling
of the propeller. This insures drilling of the
center bore 9 degrees to the centerline.

8820, Rowgh ewtting, Square blanks rvequive
o preliminary ronghing cut to bring them to ap-
proximate form before the fnnl shaping opera-
tions can begin. Preliminary entting of this kind
i conveniently done by a wide dado head.

Bonghly formed, originally square bloeks and
blocla formed of band-saw laminations are vough-
cut to nenrly finish glze by several methods,

Cne method employs power-driven and planers
with which the operator con cut at any angle or
position he chooses,  As the final form is ap-
pronched, it is frequently eheehed against tem-
plates to suard against the removal of too moch
stock,

Contoeuring machines, doplieating the form of a
master model, nre exesllent Tor foal rough cuttmg
of this kind. Machines may cut only one propeller
or Dlade nf o time, or may be mranged to handle
five or gix simultaneonsly from one master, With
rigid supports and cavefully mounted stock, it is
possible to ont to nearly the finished shape, leaving
only a small amount of hand working to bring
the surfaces o final form and to balance the blades,

Heavy blocks, particolarly those originally
gruare in section, are likely to be aubject to internal
atressea that ave 1eleased in eotting and cause some
twist or warp. To allow such stresses to come to
equilibrivm, rough-cut blanks are stored for peri-
oils ranging from several davs to o weel: before the
finishing operntions begin. It is desivable to allow
several days to elapse after each cut—preliminary

ronghing and fnal roughing—before the next is
g, The final roughing ent ghould be no oloser
than one-eighth inch to the Anished sorface,

BA21. Finded endting ond balancing, Leading
ol trepiling edges pre oot by rigidly monnting the
blocls on a template that 15 moved against the
collar of a shaper, which in turn cuts ol edges in
ane eontinuens operation. This procedure requires
that the hlade be mounted on the template in such
a way 18 to bring the troe leading and trailing
eilmes in contact with the shaper hend.  Rough
edgze profiling may ba done before rather than o ftey
rongly shaping, partionlarly if vongh shaping i=
done on a contonring machine, rather than by
hamdl-enided planer,

Final shaping and smoothing are dome by laod,
Tools required nre planes, spoke shaves, onbinet
serapers, files, and sandpuper of varving clegrees
ol linemness,

The Hnishing stage may advantageonsly be per-
formed with the blade supported by a special up-
right mount on which the propeller can be fixed
at suel an angle that all surfaces are vendily se-
cesaible to the finisher.

As the work proceeds, the ontlines of the hlade
must be checled continnously by template, sepn-
rate tenplates being raquired for positions on the
twn faces of the blade at frequent intervals along
its length, The templates ave cut to fit the finished
contour of the blade from leading to trailing edges,
which, having been cut to true profile, net as base
lines from which to work., Furthermorve, if the
templates ave provided with proteactors and levels,
they can quickly he placed in proper position with
respect fo the axis of the blade, which is mounted
at a fixed angle on ils suppert,  The Anisher grad-
wully works down the materind until all templates
fit snngly ab their proper positions, It is impor-
tant that blades be carved to the maximuny allow.
able plus tolerances, particularly with vegard to
width nnd thicluess. This inunediately becomes
apparent when it is necessary to remove muterial
from =ome portion of the propeller in oeder fo
aehieve bolance (sec. 5023},

5822, Boring hubs, One-piece propellers, con-
tiuens from i to tip, must have thear hubas bored
to receive the propeller shaft fittings and the bolts
that hold the fittings in place. The curvent Spevi-
lication AN-T'-15h deseribes acospiable moethods
and allowable tolerances. These cuts must be ne-
envately centered on the hub to aveid unbalance
md must be perpendicnlar to the axial plane of the

am
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Fiwwre =105, Lag sorcer vofenblon of defachele frminatfed vencer prapeflos bimde

el of the serews is minimized as woeh oz possible.
If the screws are nol evenly  apaced avound the
peviphery of the circle, then the greatest eoneen-
tration should e in the sune approximate plane
as the aherd of the finished blade.  An exomple of
thiz type of blade vetention iz shown in fignre
G-L04.

0,508, Shaplig and rough cutiing. Theshaping
and rongh cutting ave essentinlly the sane as those
outlined in pavagraphs 552 and 5820, Tt Los
b found advisable not to enrve the luminated

314

veneer aterial 3o close as the Tuuinated boards
in the fivat rough cut. The conditioning period
before rough eovving has been eliminated.

58564 Conditiondng. The conditioning pertod
after rongh earving specified by Arny-Navy Spec-
ification Mo, AN-P-52 is primarily Loe the pur-
pese of permitting the Dlock to stabilize itself after
the internal stresses have been velieved.,  The mois-
tore diffusion vate theough the blocl is very low.
For this veason, it iz advismble to use o gloe that
adds p mrinimom of moisture and veneer with a
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low moisture content. The T-day conditiening
peviod permits the internnl stresses to readjust
themselves, It s sometimes necessary to spread
the rough cutting through two or more operations
Lo keap the blwdes from warping or twisting be-
yondd the allawable tolerances,

5855, Findsk eudting, belancing, and finishing,
Finish eutting, balaneing, and fGmshing ave ac-
eamplizhed in the same manner us outlined under
paragraphs 5821, 5,825, 5,824, 588, and 554 The
halaneing eperntion, however, becomes more crit-
ieal because of the requirement in Specification
No, AN-P-52 that all blades of the same design
must balanee agninst the sne moegier moment.
Foy this renzon, the approved iype ferrule shown
o Avmy-Novy  Aevonautical Speciliention No,
AN-P—£2 has provision for adding lead washers
o comnpensate for a certain pmenat of nnbalanee,

6.86, Prasto Prorerress. Wilhin  certain
limitations, laminated plasties seem to  effer
promise for small, lightweight propeller blades.
Dire intevesting development now under way is o
blade nade from fiberglass eloth laminated over
a wood core.  Bome of these materials offer higher
tengile strength, torsional vidigity, and dimen
sional stability than wond.

587, Lamrmwaren Boags Brapps. A Dmited
mumber of propeller blades have been usad that
were manufactnred from Blocls buile wp by Tami-
mating 3-ineh boarda together, An interesting
featore of this type of construction is itz adapta-
bility to the contrel of the balance problem. After
the boards ave planed to the same thickness and
ent to the same size, they are then weighed {pre-
vided the moistore content iz uniform and the
weizht can be used as 0 erterion of specific grav-
ityi. The boards are then segvegnted into dif-
ferent groups in velation to their specifie gravi-
ties. By judicions selection of bosrds from dif-
ferent groups, & uniform standard for specific
gravity for the whole blade ean be obtained, This
is of great value in obtaining interchangeability
from blade to blade within a given design with
regard to balance, Blades of this type are some-
times eovered with plostic to inerease their dimen-
sional stabilily.

5,88, Cooreeen Proreccess. Beciuse of the
ehortage of aluminom alley in the first port of
World War II, compreg blades were developed
as o substitufe to be used for controllable pitch
propellers on training planes, Instead of ndopt-
ing either the Schware type blade tonsisting of

BT 4—01——21

spriee or other wedinm density natoral wood out.

" board sections bonded to compreg shanls or a

type with variable density compreg ranging from
high to low density from shanls to tip, which Lypes
were in use in Eurepe and England, o blade of
nniform high density compres thronghout was de-
veloped., The veazens for this were (1) to make 5
thinner blade of better performaice possible and
(2} to simplify production by nsing wiform -
terial and also by eliminating the wire nmesh-cel-
[ulose niteate covering of the Schwarw type blade,
The Schwarz type relention was need however,
This consigted of o tapered exterior compreg sorew
ghank fitting into a eonical internally threaded
steel foriule, Beeanse of loesening due to slivink-
ngre cansed by dimensional changes sceurring with
changes in humidity, maturel woed conld not ke
used with thiz retention,  Although the high den-
sily compreg was hard, it was still found neces-
sy to use metal leading edee strips on the pro-
peller blades forr erosion protection against sand,
atones, and rain.

At frst o highly stabilized material made with

e low-molerular-weight water-soluble resin was

considered.  Since this material was velatively
brittle and notch-sensitive, dificulties wera en-
eountered in retaining the blades in the Schwars
e retention.  The external theeads of the re.
temtion ereated stress concentrations in this type
of material suilicient to enuse failove of the hank
in tension al relatively low loads, Asa vesull, o
less-stabilized  compreg  materinl, which was
tonglher and Jess noteh-sensitive, was tried wnd Lhis
muterial  was  retained  satisfactorily o the
Sehwarz type retention.  This material was made
with a higher-melecular-weight vesin, and an al-
eohol-water solution was used as the solvent. Tt
was fornd that propellers made of this material
“rpsh-boarded™ in hwmid regions due to dimen-
sionnl changes occurring,  The water resiztonee of
the matevial in production was then ineressed
withent rendering ihe material appreciably more
britile and votch-zensitive by neans of vacuum
nnel prossire impresnation.  Later it was found
that checking ancl small erncks oceurred in the
material in hot, dey climates on a large number of
the propellers located in such vegions, At this
time production of eompreg bludes ceased due to
lessened need for trainer planes. Meanshile a
multiple lag serew type of refention was developed
by the AAT consisting of lag scvews inserted
througl a bass plate attached to a ferrule similar

215
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to that shown in Agare 5-105.  This enabled more
noteh-sensitive material to be retained, but this
vetention methed wos pever in production Tor com-
preg blades. Tt shonld be stated that the original
lighly stabilized comnpres was somewhal improved
in tonghness also,

The compreg that had been in prodoction for
propeller blades wos improved with vegoed to
witer resigtance, dimensional stability, and check-
ing in dey heat by mesns of a chonee o the jmn-
pregual ing reain and procednre, but this improved
material was not developed 1 time for uwse in pro-
duction blades. The latter materinl, in eomnimon
with that used in production propellers, still re-
quires protection from the weather by means of
finigling with transparent phenolic vesin spar var-
nigh,  Surfuce checking cocnrs to some extent on
wenther expozure withont Anishing,

It is worthy of note that the compreg propellers
need in service were made up of several Blocks
glued together with an allaline phenolic glue
coved by hirgh frequeney heating, and that no
known trouble at all was experienced with the
glued joints in the thonsande of blades in service.
It wps fownd to be most importeut that the two
surfaces of the compreg blocks to be glued together
maete vary clozely.

The lag-acrew vetention made it possible to re-
tain blades made of lnminated veneer, which mate-
vial is much more ceonomically machined and pro-
duced than compreg. It 15 probable that most
nonimetallic detachoble o econtralluble propellers
for light aiveraft will be made of the uneompressad
lopimnted venesy type of muaterial, exeept whers 1t
i3 degived te obtain grenter hovdness, woter reaiat-

ilb

ance, wenther resistance, dimensional stability,
and fungus resistance, in which case laminated
plastie, or even eotnprer, 1may become important,
Also propellers of the lntter materials can be mades
thinner, and hence of better performance becuuse
of the greater strength properties,

Druring the early stages of development it was
felt that the mest highly stabilized material was
essentinl, Bince this material wos velatively brit.
tle, difficulties were encountersd in retaining the
blades in the Schwars type retention. The brit-
tla material was highly notel sensitive s the ex-
ternial  threads of the retention crealed stress
concentrations sufficient to brenk the shaunl 1
temsion on relatively low overloads, As o coun-
seqnenee, oonew type of retention wos developed,
Thiz vetention vtilized multiple lag serews in-
serted through o bose plate atipehed to o ferrole
similay to that shown in figure 5-105. At the samne
titne the toughness of the highly stabilized com-
preg was improved suficiently to permit the lurge.
seale production of comprez  blodes for ihe
training program, and the Schwars retention o
tinued to be used for the majority of the blades
produced,

The lug-screw retention, however, made 1t o8-
gible to retain blodes with uneonpressed shanks
and sinee such materials oz the laminated venese
wore mueh more sconomically machined and pro-
i, it is believed that the prime necessity for the
ore expensive compreg blades has been obviated.
It s preoboble that mest detachoble or conteollohle
propellers for light aiveraft equipped with wooden
Bloles will b mnde of the nneompressed lominated
veneer type of material.

L
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CHAPTER 6
MISCELLANEOUS

6.0. List of Specifications

Following is o list of specifications veferved to
in the text of this waenual, together with the
sources from which they may be obtained,  Speci-
festions aubsequently issned will supersede those
listed in this manual.

Ay Air ForeeXery dosonnntical Spccifertions

(Oeabeablie froon Naval Al Developoosut  Siation,
Johms e, Pa., or Ajr Matdriel Commmand, T 8. Alr Forces,
Wright-Patterzon Adr Foree Dage, Dayton, Ohio.) -

AN-C=TIn Clar, Aleevaft Dot Ovford,

AN-0-88 Cagbings : Protective (Por Wood ),

AN=-T15 Cloth; Cellulesa Niteate Prodoped
Abrplane,

AN-(1E] Cloth; Mereepinad Cotton Afrplaoe

AN-{-132 ol : Cellylose Acstnte Butyrote
Prrolopesl Alrplane,

A1 Cartifieation of Operitors nmd Ap-
prowal of Kin Doeyiog Bnelinoent ;
Ipopess [oi.

AN-T-1 Twope;  Collulose-Aceiate-Butyrote
{Clogu b

AN-D-2 Done ;. Cellnlose-Acetate-Eotyrnte
Mgkl ).

AN-D-1 Tiape;  Celinlose-Arvetate-Eulyraty
{ Cmmsuflage]).,

AN-D-5 D s Callulose-Mitrnte, Pigmented
[Chineonlage ] .

AN-T-3 Enminel ; Alveralt, Gloes.

AN-R-T Enaniel ; Camouflnge, Quick-leving.

AN-F-Gl Fir; Afecealt Nobel

AN-F-Th Fir: Abveraft Donglas,

AM-G=200 Gloe;  Applisation of Cold-sstting
BResin

AN-H—4b Hemlock ) Ajvevalt Western,

ANI-0 Tnsignin; Mutlonal Stap.

AN-L-18 Lumber; Afvevaft Propeller,

AN-L-H Lamquer : Celluloss-N1teate, Cainou-
flige,

AN-L-20 Lamquer ; Celluloge-Nitrate,
AN-T-150 Trapellorz and Test Clubs; Figed-
Piteh Winisl.

AN-I*-16 Fing; Aiveraft Eostern Wikite,
AN-I'-17n I'oplac; Adreraft Yellow.
AN-P-18 Pirg ; Alreeall Western White.

AN-I-11 Dl ; Abveraft S,

AN Faint ; Blepdis] Trgs, Coal-tar Pirch.
s, Bitnbiinoms

AN-P—41 iyl ;. Adeevadr, dobled  {Flald
Errezaunme b,

AN-I-600 Flywo angd Yemeer; Alrcvafe Flat
il

AN-P-T2 Iy o 3 Capksines,

AN-I-TE Prosavabive ;. Water-Ropellent.

LW B Rt Propeller Blndes ; Goperal Speseitben-
thom forr Daetnclable  (Lobabed
Vendser, Tncoinpressed ).

AN-E-f Aproee, Alverafl,

AN-T-27 Tleinner; Cellplose deetnle Butreate
Thome,

AN-T- Tleimneer ; Collinlose Avetate Butyrate
Daope, Dlush Iietnriling,

A-T=l8 T Cotdow Borfaoe

ANV Wl 3 AletTvodd for Kiln Dhrying.

AN-W-in Wonnd ;. Determination of 3oistoee
Content of.

AN-TW=dn Wl ; Determnboaiion  of  Specific
ity af,

AN-TT-D-f1d
AN-TT-10-551

Pogas: Collulose-Nitrate, Clear,

Lingn: ; Coltulose-Nitvate, Clenr { For)
Almsinnne-Dope,

Droge ;. Colluluse-Ritrate, ot

Twiviwer;  Coellulase - Milraks - Doja -
anil-Lacgoer,

Thinmer; Celhlves Witiate Diope e
Lapquer, Blnsh Metnnding.

Vatmizle: Spar, Glyeery -1t s b,

AN-TT-I-55
ANSTT-2H)

AN-TT-T-258

ANSII-V-114

AN-Y-20 Vovroisal @ Menal-FPovpinddelivde
S1sar,
AN-V-2T Varnish; Woad Propsiler,

ANWV-N-00 Maphili; Pecvolenm Aranntie,

Erited Stales oAir Foroe Bpecifiotiionas
{CHptalvable from the Air Muatdeiel Commaod, Tekted

Buatesx Alc Foree, Wright-Uatterson Ale Foree Rase, Die-
toay, CHida, )

14115 Burfaeer ; Alvernfr (for waood),

14132 Glae ; Water pwil Mold-Hesistant Cnsein,

141359 Glee; High-Tewperntore-Setting-Tesin | Phenal,
Melnmine, aml Resorcingl Base),

4t Gloe: Application of Low-Tempernture-Setting

Roesin ¢ Fleesd, Melanilize, and Rescicinel).

nr
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14141 Preservabive ;  Non-Wiater-Repellent  Trenting
Selution lob Wood d

14145 Gl ; Applleatlon of Witer gnd blalil-Resistant
Casein,

14150 e applicatlon of High-Temperature-Setting
Resin ¢ Phenol, Melamine, and Resoreinel).

14155 Compotid 3 Preventive, Sap Stoln, Green Lom-
Lier.

1S Eanels ;) Impregnated Conpressel Wood.

MM Glue; Curing Process, Higl Freguendy Dhieléc-
tric ITenting,

20538 Tlank ; Propeller, Compressed Wool,

RBurcan of Aedoraudics ol Nevy davamrufionl
Apeelfeationsy

{Ohtniuabbe from Maval Alr Development  Siatlan,
Jahneville, Th.)
-2 Glhee ; Tracess for Use of Phonol-Aldelivde Tiesin,

Foderal Sfondard groek Crdelogue Spoclficndions

(For sale by e Soperintendent of Docimaents, Govern-
ment Printing Cfice, Washingten, D 0. An Alphabetieal
Inlex of Pederal Specifientions iz avalloble from the
H'I'l]'IE-'l"I]I.tI'."I'IﬂlHIt af Docuiments at a peice of 5 centz)

C-G-4ai (lae; Casein Type (Water-Resistant),
OG0 Gelne : Resig-Type Liguid and Towder.
TT-A-4i8 Fowder anid Paste {for Faintl.
TIr-F=ifka Feller ; Wand, Pnste.

T-T-207 Thinuar, Point, Volatile Miceenl Spirits,

Jodud drivyNavy Spocifeations

(Obtainable feom Waval Air Developent  Btalion,
Tohinsville, Pn.)

JAN-A-TDT Adhesives, Therposetting-Resin, HRoom-
Teniperatare and Intermadlate-Toniper-
finre Setting, Wiaterproof  ( Phenolic,
Itesorcinol, and Melamine Fnse) {(for
Woad ).

6.1. Glossary of Terms Relating to Weed

Ade afried,  {Bee Beasoning.)

Annval groacth ving,  [#Hee Ting, apnenl growth, )

Bavk pockel, Al opening betweesn annnal growth lpers
that contains bovl, Bark pockets appear as dork
atpealis on eadin] suefaces and 0s cooeded arens oa
tnugantinl surfnces,

Bird's-cpe. A snll cepteal spot with the wond Gbers
arcanged aroand it In the fervn of an ellifese =0 6z to
give the appearanee of on epe.

Mlemiek. Anything, ot necessarily a defect, marrisg the
appearanes of waodl,

Hlue sfoin.  (Ses Stain, blve )

Bogrdz,  {See Lumber,)

Bow, That distovtlon of & boped in which the face is
eomvey oF concare longitudinally,

Boged hoord. The tern vsed when (e pith falle eabicely
within the fonr foces anywalwere lo the length of 0 place,

e

Hrwabnoas, & eondition of woel ehacacterized by low
reaigiaiesd to s#lock aml by abrapt fnilnes ncross the
sroin without splintering,

Broad-leaeed feaes. [ Bep Hanlwoods, ) )

Nwel, This term has the following sepacate and distinet
T Tigs

1. A Inrge wartlike excrescenes on the side of n tres,
1t pontmins o Invge number of buds which el
devebap,  Suclh bl ave the source of the highly
figured bnrl vearcrs awd burl wond sl for
poEely ornaneental parposes.

2 A4 switl or bwist In the zeafin of the wo] wlich
ey eeonrE ner a Kot bot does oed comtain g
kuat. This definltlon hag long been used in the
gending of bamdwoal Tumber.

A boid In veneer s defined, for alreeaft-dnspection
purposes, aE loealized severe distortipn of the
graln, uwsunlly rounded {o entling, from ope
elghth of an Toeh to severad inches o dinoseter,
e to the ong or o clnster of amall, contignaes,
comichl  peotubsraness, eneh oseally hoviog a
eore, or pdth. but oo nppeeciable amoenne of el
grain {in tapgeniial view) soevounding it, as
distbrguiphed, an the one innd, from cros= grein
ifpe to ronnded protabeeances with or withoot
curly 2rain, or crook, amd, on tlee ofher aml,
from knots with disthet end grin in several
L pann g Ainn] rings @ntirely sureonailing o core,
ar plth, all a8 mdicated by the cofizuration of
the apnnal vines on the snrfnee of the Tonesr or
the dezres s proeition of cross grain

Cand, A cavt iz o thick piece of loasber with op withant
aqared siges snwed feom o flitel or log and intended
for remannfactare inte Tonber,

Coil. A petoral beru for the minnee wnits of woeod Etrae
ture. It meludes filbers, vessel segments, owd ather
elements of diverse strwchere sl fonetions,

Ceflutose. The cavbohpdrate thot is the prineipnl con.
stitnent of wood amd forme the feamework of the colls,

Thepk, A lengthwise seporation of the wool, the greater
part of which eocars across the rings of aonual grawih,
Cleecks ave nsunlly due to oomoniforin slivinkage i
drying.

Close-graimed wood.

Carrae-geained woorl,  [See Grain)

Caldepat.  The Oottening of single cells or rows of colls in
hanrrwood doring the drelig oF pressure trenbment of
wiod, chiaracterbaed externatly by n enveddn o Corce-
gnped appenrancg.

Compression feilees,  Deforimnlions or bueekling of the
wood filers resnltiong from serere stross in compression
along the grabn,  In surface lamber they appenr as foe
writikies neross the fnee of the plece,

Lot preagion e, hirveroial wood that often foroe on
the lower =ide of branches and of leaning tronks of
suftwoed trees,  Compresalon woed s identifiad by its
redatively wide anonal vings, usually ecoentric, and b
relatively large ameunt of snonnerwond, naaally more
than G0 percent of the width of the amnenl viogs in
which §¢ ocenrs.  Compression wood shrinke  exces
sively fengthwize as compaved with pormal soed.

Cadiifer,  (Hee Boftwnods.)

{Zpe Graln,)
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Ceval, Thet distovilon of o Loaed inowhieh e slge s
canveX oF concave lang badlendly,

Crpgabipnd.  To place the grain of ayers of woeod G cight
nngles [n order to mielmize shrinking and swelling
and econsequent worping; also e loyer of venser nf
right angles to the fnee plies

Crose deeak. A sopavalfon of the wood cells noross the
grain,  Bach breaks sy be dug Go internnl siresses
resplting from popnniform longitudinal shrinkage or
Lo exlernal forees,

CFosa prede,  (Sos Grafn,)

Cap, The distortion of o boavd iw which the Eace is
DOOTEE 0T COEGIYE CEOEyersely,

Deewy,  Disintigeation of wood substancs tbrongh the
metbon of weod-destroping fungi.

fiefeet, Any fecegunlneity occogring bn of an wosd that
winy lowar [ts strengih.

Ihewaityr, The mass of & body per undt volowe.  When
cxpressel fn the metrie sgslea, it 15 onuerieally eqnal
Lo e specifle gravity of the sime sulstine.

Minponel wads,  (Sep Graio.

Dirmond, A distortdon (o deying thal cises o piece of
woold orfginally reclangular in cross sectivn to hecome
dinmo-shapsl,

Diffwac-porens woods,  Handwooda fnowhich the pores nre
practizally wniform in slee throughent each anpaal
ring, or decvense slEhily toward he outer border of
the ving.

Iriwengion, [ See Lumber.)

Dimengion sfock,  Bquures or ot stock uwsually in pieces
utder the nduimom siies admitted in alowdaed Domber
grades, roagh or deessed, green or odey, ont e e
appraximate dimensions veqnived for e varbous prod-
wels of wendworking foetories.

Dete. Taote,” Ydoze” and Ceed” ave synonymons with
Uibeeay™ and ase any fonm of deeny wlhileh may he evident
s elther o dlissaleration o a softening of the wool,

Deg valt, A Lerm loesely applied to many (rpes of deeoy
Dk espeebndly to et wiiel, when inoan advioeced stoge,
rekimits the wood to be ensily crusled faoa dry powider,
The topm §s netually o miznower for any deeny sloee oll
fungi requice considernble mpdsture for growih,

Drwenbilitp, A genoral ter CoF permnnenee o lnsbugnaess.
Freguently nsed to veler to the degres of res=stance of
n specieg ar of an fndivideal pioce of woed o nttack
by woid-detroriog fungl wnder conditions that Lavor
suel attnek.  Tn this cowseelica U derm “resistooes fo
derny” {5 more specidic.

Bipe groin,  (Soe Grain)

Fecwaed Enod.  {See Knot.)

Exreaolives, Substances in wool, not an integral part of
Phie cellilar gtracinres, that enn b dissalvel ont with hot
ar cold wnter, eihior, benzene, oF ollier velatively ioert
solvenis

Egivitilirivm moisfare confeud.  The molstore eonbent ok
wihileh wood peither gains nor e makslee when sor-
voanded by air ot o ghven velative hmmkdity and teo-
P e

Faetory ored shop lamber,  {See Lomber. )

Fiber A wond fiber b= comporatioely loms (owetwenty-
fifsh or boss to one-thied fnehy narrow, Tipeciog ocell
cloged at Tl ends.

Flbew-aeduradiog poied. The stnge in the deying o de the
wetling of woad at which the eoll walls sre sninrated
nnd the a=1l cavilies pee free from waler,

Figwre. The patrern prodnced in o wand snrface by jrreg-
ular eoloration and by anoaal growtl Fings, rays, kiots,
aud snch devintfons from vepilor genin ns loterboce]
i wary grain.

Figf grain.  (Heo Graind

Preten, A Qitel s a portion of & log sawed on Lwvn or moTe
shdes and lutended for remaunfnciure oo lanber of
sliced or eiwed venegr, The tepm I8 alao applied to the
resulting sheets of veneer lajd tozether jn sequenes of
el

Frade. Tho deslznation of W guality of oo wmanalaciired
plece of weaod.

Gremiee.  Tho divection. sise, armomenent, appeeines, or
quality of the Alers in wooil,

Cloge-gregiaedd wosdl, Waomd with wnrres gl Doesn-
apienens anungl eings,  The term i3 soaetimes
used to designate wood hnving smnll ond clesely
spaeeid pores, but n thiz sepss e berm “hne
temtured™ & wore offen wspid,

Cogreepredned teood,  Wond with wide wnd con-
apbeuoug dpual rings; that is vings i which ther
I= eonsldornlile (iTerenc: belwees springveoad aul
srmierwasl.  The berm Ig sopetimees  used e
destimnte woodd with large pores, sich s aale, w=h,
chestunt, nod waluut, bot in this sonse e oo
Cponrse tertmred” is nore often usel.

Cirogs oradn, Grodn et poealiel with the axis of a
piece.  1F wiay Le either dingenal or spiral grsin,
ar m eombination of the pwa,

Dinpoant gewdin, Al viogs ot ow angle with the
axis wl n plece ns g esult of =awing &t oo angle
with the barle of the free,

Eedge grvin. Anomal rimes that fopryn an pugle of 4537
ar more with the wider surfnees of (e plece.

Piat gradw, Annun] vings thot form 2o angle of less
thum 46 with the wider suefaees of (e ploes,

Iodertvetend peectdn aecod. Woaormd in whicl the fbers are
fmclinel o aue diresiion b anniber of Tings of
anmual growtly, then gradually rererse Al e
inclinpd im on opposite  divection o aneceeding
geonth rings, then reverse again

fpen-greined spoed.  Coonmon classtfiention of palfnt
e Tor wodds with Hnge poi'es, Rucl as odk, @,
clestunt, amd walowt,  Alse known sz “eonrse
(S T

Protweuied,  Anpthar term for ok grain,

Owarivr-sieed,  Anetler ol Tor edye geaki.

el givede, A type of geowtl oo which the fibers
take o spivnl epiese abont e bole of a tree skl
of the mormi verticnl epurse.  Tho spiral oy
extond cight-banded op left-lnwded  arovnd fhe
tree brools,

TerFieal gerin,  Another terw for pige genln,

Wagy-pralned wwoml.  Womd in which the [ibers ool-
lectively tnke the farm of waves or undunlntbions

{vecr,  Thuonsoned, wet,

Groeotl pipg. (See Tng, onmunl growth)

Herdwoods. The botanieal geonp of teees teat are beond.
Tesvved. Tl terin liss wo reforenen ta fhe actual hard-

ng
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nesg of the wool.  Angicsperms i= the botanleal nawe
for hardwoods,

Hewrt, Heartieood,  The weol extending from the piteh
ta the snpevond, the cells of which no longer participote
in the life processes of the tres, Heartwosd may be
infiltrated with gnms, vesing, and other materials which
maanlly make it docker and mors decay-vesistant than
sn W ool

Howeyeomwl, Checke, often not vislble ot tie sorface, thal
oo B the interlor of & plece, nswally along the wood
riLis.

Turerlovked-gratn wead,  {Ses Groin)

Kile, A heated chiamber for drying lumber,

Coampecfmtat Kite, A ey kil desigoed to keep the
samey temmperalare and relative hombdity theengh-
ant at nny given thme,

Progeeapiee Kite, A dey o designed to peovide dry-
g coiulitions that Inerenee in severity from on-
tramee to exisl. In it the noit ehaege iz only o
part of the ol chavge of lomber ; o unit of prrhaps
Tonir trneklondz (8 aeoved through ihe kil in o
claln of ssveral wnlis, Trom day to day, with a
sfngle walt leaving and nnother enteving at oae
e,

diin-dried. [ Hee Sansoning. )

Kwet. That partion of a beanch of Thob ot has becams
Ingarpoeated In e body of o tree.

Deceged keef, A oot which, due to ndvoseed desay,
[8 nob g luard p= e surronnding wosl

Fuewaced fnat. A knotb whose fings of nunnal growth
are nod intergrown with those of fl purrennding
wringll,

Teberprown Eand, A Koot whose viuge of aonual
prawth are completely infergrown with (hase of
the surronmding woad,

Frodme Eaot. A Koot whese sawn section is oval or
ieenluy,

Houwd Fuet, A koot whicl i 20lid aeross (12 faee
and which B2 ns hoed a5 the surveanding vl

dpile ot A Enot savwn inon lengihwise divection.

Favitwafod awowl  An nssembly boile up of pies o lami-
cnatlons of wood thot lave bien {olved either with glue
ap with mechanieal fastealogs.  Distlnguished from
pdywood by the fnet that the geatn of the wosd T8 in
thie sue dipection in nll piles. As nsed heeein, “lami-
mate]” jmplied the use of glue o tle Jalulng wiedium.

Ligwin. A privcipnl eonstitoent of  wool, seomEl in
qmanthiry o cellnlose, I inernsis U cell walls and
cequenis the cells bogol ey,

L, A section of the truak of o tree ju snitable length
Tar snwing fnie conmeeeial Tumber.

Laer, The prodnet of the saw and plasheg mill not
Caether manofaclured fhan by sowlog, vesawiing, nod
passing eugthwlze through s atandacd planing -
chite, erosseniting to longth and working  Lumber of
thicknes2 not in exeess of ene-qeartey ineh fo be nsed
fon veneerng |2 classilisl ng veneer,

Der Ol sadffeafion,

Yard towdbor, Luwmber of all slzes ami palterns
which i lwtended for general building por-
pages,  The grading of Favd lnmber 18 bised on
the ittended pse of the partienlar grade apd

310

g applicd o ench plece with peference to jts
sizg ol Tengil when graded, without consid-
aration to farther manufnetine,

Fattery and ghap fesber, Lumber Intended o
L= cuit upr for nse jo further manufictuee, 1 is
graded on the bagiz of the perceéntize of tlie
arven which Wil produce o Hmited womber of
cuttings of a specified, or of a given minimnmn,
sl amil quility,

Sfructurel Dumber,  Lumber that is 2 or more
inelees thick and 4 or more Inche: while, intended
for nse where working stresses e regnived,
The grading of structnreal omber iz Based on
el strength of the piece and the nse of (s
rOEire pieoa,

Bige Cleanificoetion,

Sfeipe. Yard luomber less chan 2 inclies thick anid
les= thinn & imclies wide,

ooz, Tavd Inmber bess than 2 inelbes thick, 8
or menre inches wide,

Diveensdee, Al yord  Inmber  except boards,
steips, aud Chobsees; that is, pand neher fFean
2 jnehies to, but wod ineloding, 5 inches thick,
auwl of any width.

Timbers, Larmber & o move incbes in lenst
alimisiow.

Mierw? abreak,  Aw ncenpnlation of miseral wakter sp-
pnring a8 dorkened wrens and nsaally associated with
aninjuey ef some Wind,  Thoir most frequent acong-
venicn = in e maples blckovles, vellow-paplar, gl
Birssmrondd.

Moistire poadbeif af wwad. Weltht of the water eonian il
in the wosd, expres=sed o pEnentage of the weight ef
e gven-0ey widnl.

Wointure grodicet, A condition of gradonted wmoiaturs
confenl between the sueeessive layers of o woterinl, soch
us wond, due to the leslog or absorbing of maistue
Lring sensadng the gradations ave letween tha miois-
tnve content of the relutdvely dey surfoes layers and tho
wet Lgrevs ab the conter of U plece.

Chpci-grained wood,  (Bae Grain,)

Povile. Tovkets or areas of disintegented wosl cotsed by
advipeed stages of locnlizs] deeny in tlhe living tree, It
is nEnally associaled with eypress and ieease eedar.
There is wo further developasent of peel: s the Tnmber
(RS ETR O

Fiteh pocket, Aun openiing estendiog parallel to the an-
nal vitgs of grewth wsenlly containing, o which hae
vontadend, piteh, either solid er Hgulkid,

Firf, The su@ll soft core orcnveing i the stpoetnnl
eenter of & [og.

PR ek, A onprow stieak bessmbling pith oo tlhe surs
fnee of @ piese, wsoally browni=h, up to severn] inches
B legethy, tesnlting froas the boarrowing of rvae in the
growing tissae of the troe,

Flpawood,  An assebly amnde of theee ar wore loyers of
vetesr jolmml with glue aml usually bodd with the graio
of niljofning plies At right nougleas  Aluost always an
ol pomber of plies are el foo gecure lanee cone
atruetion.

Plafieeemeced, [ Hee Greain.)



Downloaded from http://www.everyspec.com

Pocket rot,  Advaneed decay which appears e the form
of n hnle, pocket, or avea of =0ft rob asoally snreoanded
by apparently spusid ool

Pare,  {Hee Vessel,) )

Giemiter-atered.  (Hes Groin,)

foedial, Colneident with a eodins er radin plane fom
the axis of the tres or log to the clrenmierence,

feate of prowtk, The rake ot which a tres has lakd on
wwood, measuced rodially in the troank or In Iowber ot
from the tronk. The unil of measore o 022 i85 e
nuimbér of nnnnnl growth rings per inch,

Rays, woed,  Btripe of cells exiending madially within o
tree and varying In helght frem o few oells in scme
apecies fo 4 Declwes o mere in osak. The vays serve
primurily fo stove foor and teanspert it hoplzongally
in the trea,

Ring, weewal grawth, Tl geowth layer pot oo in o aingle
growlth sear.

Rimge-porong sronda, A group of hnedweods Do which the
pores are coanparatively @Bnge at the beginniog of @nch
iwmomial ring nwl decrense fosiae more o less alruptly
powapd tlse anter portion of the ring, tho: forming a
distinet fnoer zope of peres ooown a8 the =pelngwoosd
gl thee onpler Boke with smaller pores kwown as the
S ool

ol (See Decoy.)

Rotarppat voibecr, (S0 Veuesr.)

Sas,  All the Auids in o tree, specinl ssereticas nnd ex-
cretlons, sack a2 gum, exeepied,

Fogoveod, The lovers of ol next te flsa havl, usnenlly
lightar In color than the heartwood, sse-half inel to 3
ar more loclies whie, thnt are actively ovolved in the
lite processes of the teee. Under most conditions sap-
waoml = more sosceptible to deeay than heartwond,
Anpwond i5 pot essentially weaker or stronger than
Teenriwood of the snme species,

Bwwwed penesr, | Hes Venesr)

Fewanwing.  Iemoving moisture from green wosl in opder
tee biprove it gerviceabilicy.

Air-teied or miv seovoped,  Twwlod by exposgre to the
alr, w=nally o i yasl withood arlilcind et

Kiln-dreied. Deled in a ko witlh the vse of artificial
heat,

Eeetnd growih,  Timboer tlut has grown aftor the reaoval
by any meeang of all o o lncge pection of the previons
etqml,

Spree, A srparation along e grain, the grenler poet of
which ocrars bistween the rings of anoeal growth.

Shep Juiiier,  (See Lamber.)

Efieed peneer,  (Heo Vepeer,)

Softieards,  The otanien] groop of trees thar hisve peedls
or senlelike lenves and are evergreen for e mast por,
eypress, larel, and tamaracl: belng excaptionz. The
term bins po vefergpee to fle oetiaal hardoess of the
waool,  Hoftwoods ore often rofereed to ne copitors, amnd
Latonically thay ame enlied zymonoasperins.

Eneglfe gracity, The vatio of the wolght of a body to
the welght of an egnal velume of waber af sone standand
tekniperalare,

Spiral praia, [ Bee Geoind

Enlif, A lengthwise separation of the wond, die to the
teficing npave of the wood cells.  TE b= chused by roongh
Tandlieg or ather artiflclally Indneed stress,

Sprdagweod,  The portion of the annual growily ving that
ig Formesd during flee early part of the seasan™s growth.
It |s usmnlly loss dense and wenlser mechanlen) ]y rhan
Ewner il

Steda, Mve, A Bnish o geayish diseolocation of tlie sap-
wond izl by the growth of certaln meldlike fong
on gl surface aud G the interice of the plece @ made
poezible by the snme conditions tlent favor e geowth
of ather fungl,

haiw, broww, A vich brown 10 deep checolaie-brown dis-
cnlaration of the sapwonl of some poes, cnosed by a
Tungus thnt neds shoblay to the bloestain foongns,

Aok, sop. (See Blain, blue)

Sfvcagik. The term in its heoader seihse aalraces collise.
tively all the properties of wood which enable it to
resist dlferent forces or londz, T i mere vestrietel
seleee, sStrength way apply te any ome of W oeclianical
IlT'-'lll'fLIf"-‘. I which event the wame of the Propsarty
e enigileration shaeld e stated, thos strength n
eompression parallel te the geain, strepgth in bending,
lnalnees, el

Swpprericonl, The portion of the anoual growth ring
that iz formed dureing the latter part of the veadly
growth peelod, 16 §2 psually more dense and stroagee
nechanfeally than springwonl,

Trogewtiel, Strictly, colpeident with p tangent at the
civenlferesmes of o tree or log, e poocallel to =aeh a
tamgent,  In pencilee, howeyor, it often wmenns, roughly,
eolicident with n growth viog,

Tewbwre, A tero often used interchangenbly with geaiie
i Bea Gradi)

Twiwt, A dlgtortion eonssd by the tnming er winding
of (e elzes of n bonrd 80 that the four corners of any
fiee mra v lnger in e sme plane

Vewere, Thin shects of womd,

Jeotorgeenf peliecr, Venser oud oo comtingons strip
Dy rotiting a log againat the elge of 0 koife o
i lailwe,

Epwed woweer,  Veooer prodoced by saming.

Sliced veneer,  Veneer that is sllosd off Ty neving
0 long, balt, or fitch against o larpe knife,

Feeticel groin, | Bes Grain,)

‘paachs. Wood eolls of comparatively nrge  digoeter
wlhich mve open ends and are 2et ope above the otber,
Tovoilng aonthinans tibes Tha openlngs of e vessols
an the surfnee of o piecs of woid aie wmally referved
1o D& Does,

Virgly groaedh,  The orighnal growilh of malure troes,
Wesie, DBarl, oF ek of wol or Dark, from any couse,

iy plge or eorner of 0 pless

Warp,  Any vaviation fvom o fene or plone  sirfee
Worp includes bow, crock, cup, augd twist, or any
combimntion terest,

Wrp-peeiped vasd. [ Hee Gradi)

Wepthoring, The machanplieal or clemical disintegration
ol dligcsloration of the surface of wond that s ciosml

=

a



Downloaded from http://www.everyspec.com

Ly exposnre to lght, the actior of dost ad sawl ear- Workabillty. The degree of ense Akl soootheess of et
ried by winds and the alterpate shicinking nud swelling obiainable with hand or mackine tools,

of the surface fibers that come with e continnal vari- Working of wood,  Change i the dimensions of o plees of
ation iu mwoisivre coutent brongbht by clanges n e wacdl with cliinge in molsture content,

weather. Wentheving does vat Ineinde decay. Yard lumber.  {San Lumber. )

312
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8.2 Index

Abrazion of propellecs, proteetion againgt_______ -
R L S —— a=
Ackpow ledgenents, U

Adviean walogany,” Glentification efo ..

Adrerndt fnlshiieg SVetems e o
Adrera . s =
Adr dried stovk :
CATEMLABNY e e
elfpet of stovage on defects__ o _
fingn] conditiontng of - e

P A e e

weeTaring for mwannloetore.

ehorage ______ . e
Adp fines — - -
Alir mensaning, of howaber. T ——
Adaska bively, {bentifleation of . ____
Adasln yellow-cedar, dentieation of oo E—
Amevienns beeeh, ientifleantion of . __
Adverbenn beecly, key for tlee Mentitiention of .. _
American eie, Wbeneifention oo ______
Amerienn speanmre, momual vinga. oo R

[dentiBeation of ____________ S

ey for the idendifeatlon of .
Annual ving direction :

Torzonstally Laomdantel spars oo -
lnninats] spar fanges S -
Aolidl spar flanges_ .. A
LTI .
vertionlly tnminated spaes- ...
Sl vigs
] T [
Aperbeim EFCLIMOTe e
IR - - e ——
black elisrey — E—
bilack walmab. o S ——
ey pvesses S . -
Dooaglasfr oo e
easrarn white gine-- oo Pp——
TR B (- — [ N
sourlern meagmekbo oo e
f I LT O — [ — S
=1 1) ——
westerin white pine
T —
wellaw-paoplice- - .
Aviay Aly Fovees spocifications. .. o ___ -
Avmy-MNavy Aevensnfbeal speeifeations oo
Abl, nnnonl vings —_ -
leow for Lhe ddentification of .
Assomibly &
af 1% SIS o

af fabple-covensl wing frowes. .. -
af Dseloge frome
af foselage femine ig

of plywesl-eovered] wing fiqums_ oo - S
of wieg frames_____ N —

INDEX
Trage
B b Aszanbly aisd gluine
138 ol T S, PEEERIRE e
1 ol filer BhoeKs o e e
149 ol rilis [ N I
2 nbl-press Eloing oo~ [ S
140 Tl cowditloming 0 oo e
EINES s ————
iz noil gluing _. S U
T8 PIPESSUTE & s e e mm e
171 af #pars Send eombithosing ., .. ______.
171 imberipr Fulsh. oo e
171 LT S ———
17 Assemilily aperntione;
1L linnl  conditioning ol seenbzbe lauinated
16 T T S S
a T .. 1
an clues [y steaight lominoied soemlers resses
1 il clnmpas, vl e
49 JE =TT T S T . |
14 BT e TN LT N L R ——
a1 Amseally Cime
] glubng plymwend skins_
42 L T U
propeller Yawsmi vt s e e o B P
124 Atimasplicric nnEdiey, determingibon of
15
123‘ B Lok, bag-tmalding techubyue- o e
1% Ling minlded gyl e
14 P e s e ——
Ling maobied sorouciaves oo oo
T Bag molding:
oy erpualpament foro e
o mpedlinels of . e -
a LT 1) K —— N ——
- ananmt of PreEsare o e
=7 Apsmplling the venpor_ e
i
;3 cgample of the bag malding of a speciils
an praldeet _ e
o hewting oyebit. e L
95 Lavst by mimesd e o
o sl conleant oo o
a2 sima, shape, thickiees, elea oo __
4 EEEEELONS OBl
o5 tiabulae pewelsee=_ oL L
817 Bay pressnrd, in gluing plywoal S50 oo ___
217 Dingzs or blankois, bag-oolding ..
17 Balancing, propeller mannineinr,
il Tldleypress, Blostilention of oo -
Teey Fov the fdentiBentbon of . B

BEuud enwing. ro———
Biark pockeds o e e
Ensswond, entifeation of oo oo R

Feey Tov (e idestilontion of oo [ —
Druaniza, lamnvipited, exposnrs Hs8 o e ee o caeeeemm
Baending af plymwod o ceeeo S

B
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Boveling aud profiling; spors, spar fanges, and
EE T L T U —
Blirches, ool rings
Loy for the SdentiBemrion of oo
Bird peck B ——
Bird's &% oo S ——
Binek ash, identifieation of
B T e LT e ——
identiention of
key for tlee blemtiteniion of oo oo e
Black maple, identitention of
B E ] T B T T T S ——
Black strenk nod soot pocloets in vellow  (soplar,
Alefects anil Blemishes o oo oo
Dlivel steeak, In western lembock oo oo -
BES ELT R P T T 1 S —————
Pt ifieation of
R ST T T A NI R T S —
Llackinel oak, ideotibeation of _______ ___ ____
Dleed-throngh o _______ e e
Iilenaisles s deloets, wooil oo ______
Blasiers oo I
Elock-slear Jobut, test, wlue quality oo oo -
Llue staln. . LN
Baring__ ——— - 279,
Erw, mensurveinent of, in spars and spoe lnnsvs. o
Box gpsire
FUTEEECT U T
gles, i gy of oo ———
pressure o assembly and slwdng of ool -
Tdrsmlmhssse e
Brenledng vmivs rad s of corvaiwes. oo o encem
Iile stalie. - e
Browm stodne oo oL e
Binr onle, ilenlifealion of N
Nuorean of Aevonnuties nod Xavy speeiticatons. -
Powrel= S
Coliforuda ineense-clnr, iWentifenthon af ..o L.
Califorida vl fre. deatiGeation of oo o ___
cnre mwl skt pf oeler, pelor te sesoninz. .
Coselivedening R
Cagein IS i e
prreparation ol
prosbies of .. e ecemcsenaa
ribe ol setting of, nf elevited femperatores____
with preservadives_ o ____ S
Cpdor elom, ident Benthon of
Codars, Wentitienticn of R .
Cellulnr strucmare of wasl R
Chalky auimine Togme__ o .
Checlzing, propeller manuPetnre . - ce oo oo
Checks, splite, amd shales e
Chenalenl breown stoit. .- .
Chestomt, roscibles heavtwood of the asls__
Chestont ank, ddeard Benifon ol oo
Chingnagdn ook, entifeation of oo
Civenlation, preparing aivdvbel stock for maom-
finctwring- - R .
Conkings, to prevent el eleeks. oo
Call-press pmhieing, o il e - ———
Caoloratloms, fo o, ontwral oo
Cionl b = - S ——
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145
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Caotmnatian wanterials, woliffed vl oo
Comnbination of grain slepe:
digemal and spiral
Comnpoinnd  enrvatiresE__ e
Canpresr e
BN e e mE e ——————
pesstlle e foro ———- -
[ 8 g T e PR S
YR | (i1 A | o — B
Ulidelemess____________ S T —
Conppesas] and aneompressed waml, combionticn
O
Conppressed wond, e t-sr bzl oo oo
Campressian fnilure=_ S
Compitession wood________ e e
spnrs and spar finnges —— - 121
Conditicning
ag-vnalded plynom) ____ ——
ehoel] stock - —— - ———
hat-prressal plyawod oo
prapeller manubactibee o _________ B 1R
Conliioniog period ;
far gining ned assemalsly opern s mmm ol
1] g‘| wikg rlee Toselage frame. .- oo
Cnifers |
decny divelopd in stawiling frees
Tlentifiention ofo ———mman
stdms Ino e
Contonr demn-sander for franwsworlo oo
Combane nming of spar Mouges__—-..
Comionring with a8 Fanier e
Contonring with a shapst. . -
Congred of, gloe oty s ss s —m—————
lmmiclity in fnetor|e —
Conver=ian equitnlents, pounds to froms
ot bonyeeanl, SlenLifinrion ol - e crmrasea—e
key for the ideatiBeation of R -
Covering, in sengoning and stornge of Twabey oo
Crass grabn, slope of - methods of determliing.... -«
Cueypinlsprtree, ddentifention of oo~
Yoy Tor the [dentillentlom of oo
Chorved lousinated mepibers
fiinl eondibneime, alfter ploing______ e ———
ruselnge vimms, door Teomes, and wing tip
BB e — e e e ———————
elubog of e -
metlumds ol apply g Pressi e e e e
encling of enrvaluld oo e
Bl pailer pEessaEe
Ol LTl geavimg moaehine, teaveliog
Cutting gussets, sther plywenl et of coeved or
L N —— S
Cortivg Aearl Jolmis o _____ -
Cypresges, aunual PINES. oo -
Tty b ety ol __ - —
oy
Al lom of, T o e
developed in standbng trees, conifera— ... .
davaleped jn stned ey teees, lnrd vl
in logs awd lwobeer, Dypes of -

1
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Daeay nod stnins:
i owsnd, relEre s o o
spars and spne fangeso oo .

Dresrimand equivalent of fractbons of on el oo o oo
Dreferta amd blemnisles ;
bovle poeketa__ e

Wival's @ve__ oo
blzedk stroal andd sool prelets in vellmepotne.-
black sirenk in western hamlecko oo -
EMITIS i e
chiechs, splits, and shakes
combination of dingenn] and splend grabn . __
etmpreEsion foflwees_
EOREeRERON Wil - o e
LSS ETHN e e e e e e e e o —r—————
defoets of growth, froquency of seourience o

NI e oo .
delermiving slope of céess grain, methnds of -
fiagonal geain._ o ____ e
floecosniils in western heinbock o ...
Einol resin eonnls dn ospeoee.
mclented wings_ I

Ineli af flatness
lonse cattlng-.. R
mensiieimeat of slope of graln in veibeer._____
wikneral strenks_______ R [
el thielness, . __
pitell pocloete. e
plieh steenls- oo
it fecks .
riubinl rodl sbreak bn o spenee oo
welEl euELL I e
Epdral o, . eeen
veneer oedcteo L — .
sl L e i i e
Daetevimination of stwmesphorie Mnmidity oo
Dibliedlral, npinated spars nnd spoyv Sopges___
Digeclarntions, in wood, W0 oo oo oo o

Dweqe e
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