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PRFAOE

possesses a great potential ti*b.r resourea in
ion Vallsj, a ralley ooering aors than ha1t of the

and supporting an abundant growth of valuable

oode. Jotwithetending the tnorsang importance, through-
out the world, of innumerable plywood produsts for use on

the land, on the sqs, and in the air, Peru bee not yet
begun the manufacture of plywood.

This thesis, whisk is intended to be a partial bests
for the future development of a plywood industry in Peru,
is not an economic treatisi., but a review of American

Plywood anufacturtng Ithods, to determius those that
might be applicable to the production of plywood in Peru.
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IhTRODUCT 101

Wood, & pro duet of nature, is a nonhoaogIn. ens

Iti strength paraUei to the direction of the grsifl
]O to 20 times greater than its strength across thi

grain. Wood is also a hygroaoopio material which changes

dimensiOnS with a gain or lose of moisture. However, the

dimension parallel to th. grain I.e affected vary little by
changes in moisture content.

These facts suggested the possibility of modifying
the strength properties of wood end of reduoing its dimn'
sional changes by alternating the direction of grain in a
laminated construction, which is technically brown as p17-

wood.

Plywood is the product resulting from three or more

era of v.neer* joined with glue and usually laid with

the grain of adjoining plies at right angles. Almost

always an odd number of plies are used to secure balanood

construction. The outside plies are sailed faoee, or face

and baok. The center ply is sailed the core, and inter-
vening plies, laid at right angles to the others,
called oroasbands. A teehnioa3. distinction is usually

made between plywood, as such, end Laminated wood. The

term laminated wood is most frequently applid when the

*y.n.er. Thin layer of wood (usually less tb 6" i
thickness).



a are k to be elasifted neer end the

p1 a paralle
2lywo posacesu four main advsntage* over ne

iret, plywood that ii p3,opel7 dosiried and menu
as iary slight t.ndenay to expand or oontraOt

and thea satisfactorily retains its dimensions. Second,

1'sUlt :Øf the approximate eqaeliiation of strength
ropertie. along the length end width of the panel, p3.y-

wood might be described as being squally strong in *13.

zeettons. Third, it has great resistance to splitting
nails screws, or other typas of fastenings. 1aatsn

tugs may be made Y117 aloe, to the edges without damage.

Fourth, it ii available in almost unlimited side.
The story of veneer begins in the .oulpturce of

Thebe, dated as early as the time of Thothiis. III
(a. 15003. 0.) through the onturtee, Babyl CUte

and Assyr out tuned to advance the art of veneering.

uanasd by the Zgyptiane, they too enriabed plain.
furniture with thin sheets of rare woods, pree
and jewels. ai.tory records that van.ez' wea first
the early Romans on an extensiva sosle for door

ames and panels. It warn the Romani who antidated the

age of plywood penciling as seen today in homes, shape,

and office buildings. Tet it has taken modern ingenuity
plus engineering end t.ohnios3. skill to develop a product



oaable of meeting the large soale but zaottng require-

aenta of today.

in developing the plywood industry of Peru, it is in-

tended to utilize native species. A few of the ay species

most suitable for veneer are listed below.

Tb. wooda suitable for taos veneer are Swietenia

Macropbyfla ICing (Oaoba-Mahogan;), Cedrel dorata . (Qedro

Colorado), en Juglans sotrqpies Diel (Joga3.-Peruvjan

Switenta Marephj ICing is the moat coireon of the

apesiss available for taae veneer and fox this reason it
will be given major consideration in this study.

The light seeiea auttable for core stock are Oo

!oUviana Rowlee (Palo de Balsa), Boreba

Oaspt), and Guasua Orinis. Mart. (Bolaina

A moderately heavy wool euitabl. for core stock

A&Ai M.s. (Moen* .el Agna).

Due to the lask of available data on physisal prop-

ertlea of most of the woods mentioned, speottis data are not

complete and further study of the native woods will be re-

quirid.

The aTailable markets for the finished article inelELd
ornamentation, furniture and cabinet manufacture,

store and off toe fixtures, packaging, and possibly at a

Mart. (Ruina'-



future dat 1* aush seiia1iud fislO as &trplan., ante"
motive, ønd marine sonstruotion.



TH MAWUFACTURXNG B0OSS

TW*R PRODUCT 101

The following description of the production of veneer

is based on a one-lathe plywood factory with a veneer

slicing unit (See Appendix). For purposes of oonyenisne,

the deseriptton is divided on the basis of the product
produced rather than on the basis of the natural flow of
the proassa.

Plain veneer for baeks and cores.

In the proposed plant the plain veneer for backs
and core will be rotary cut. Rotary veneer is used

principally for non-decorative purposes and for back an

core stock.

paration of logs for cutting.

Th. first step in the veneer making process is
the wood fiber into the best oônditiOn for cli
sutting. This is accomplished by soaking the loge

in hot water. Steaming, which is used for peoiea that

rutture easily under sudden increases in tempers-
., will 'rrobably not be desirable for the speotes under

onsideration, although further study may indicate the

need for steaming of certain speoies.



The soaking La performed in atu of concrete covered
with loose cover-boards, The size of the vats for the
proposed plant (see Appendix) will be approximately 18
feet wids, 36 feet long, and feet deep. Live steam will
be discharged at several points below the water level
wtdsr thermostatic control.

The loge will be placed in the Yata when the water is
o more than moderately warm. The temperature will be

raised graduall7 to the maximum, whieh will very with the
sic., species of log, and the eharaoter of the veneer to
be out. Accurate control is necessary: if the 1 gs C

not heated through they wifl out 'rough" if soaked to
long the logs will shred in cutting. The thicker the

to be out, the higher the temperature required to
reduce the hazard of fracturing. (10 ) ( 15) me exact t.a
peratur.s required for the Peruvian species
be determined experimentally.

On leaving th. soaking vats the loge will be out into
ngtbe by & log band out-off saw, and the bark removed

while hot. The loge will be barked manually in this plant
with axes aM epuds, and the more apparent deThets out out.
hen the logs will be brought to the rotary lathe by means

en electric hoist. The alapsid time from the vat to
the lath* should be as short an poasible.



am or rotary out veneer is roduoed in massive

(See Fig. III),0) aonsisting primarily oe a rigid

th sturdy fixed housings at either end. The hOU5

ings are equipped with bearings :tor the main sptdles.

.og, faat.ned between the dogging and. tail apindls or

meohin., revolves on the epindlea toward a knife rtin

ning the whole length of the log. The knife, together

with a ireeaure bar, is mounted on a movable assembly.

This meehanism is shown in Fig. lilA. where A is the knife

d easting; 5, the pressur. bar bed easting: C thi knit.:
the reseure bar: 1, th. spurs for trimming the edges

of veneer's as out; and F, the log. The log revolves

against t1e knife and the prusu?e bar' holds the wood

firmly &t the instant of outting. The knife earriage is

moved into the log by automatie feed ser.ws revolving

speed that oontrols the tbieknese of the veneer.

ox feed meahantem oontrols the movement of the

arrying the knife ani pressure bar. (15)

The pitoh of the knife, as dter'mined by the angle

which the bevel of the knife makes with a perpefldiOD3.

line through its outting edge, should be varied for logs

of different diameters. it follows that the pitah ot the

knife should be adjusted as the diameter of the log

deereasee.



veneer comes from the lathe it will be wod
an to a reel end taken to the slipper.

Clipping.

The rotaa7 out veneer will be tzirnd into dimensions
;o suit the deati'ed panel eLse and defeats in the veneer

be out, out. tu outttng out defeats, it is essential
hat the out 'be made as oloas to ths detect as pratieabl*

so that the amoumt o veneer discarded is kept at a mti

rotor actuated veneer clippers Will be uad in the
proposed plant (8e. Appendix). Each will eonsiøt of four

essential pe.rte: 1. An iron frame with vertiGal knives:
A shear plate; 3. A. outttng table; 4. A heavy movable

ifs. To make a out the operator deprease a floor
switch. This starts a baek.geared motor which transmits
its po'sr through large eccentrics to both ends of the

bar. After each stroke a earn-type limit switch
stops the motor, and a spring loaded brake holds the knife
at the top position.

lrom the loaded reel the veneer is propelled through
the elippez' at any desired epeed, the operator oaieThl].7

watehing the veneer as it asaee before him. AS the

sheets of veneer corns from the clipper they fafl on a belt
onveyor table. This table should be long enough to psi'-

mit accurate sorting.



Sort in

At tliia point the aap and he veneer will b
sparatsd, with each ole,se being sorted by aicas, aøh

Ic will be stacked on a truck and conveyed to the dryc

The moisture content of the veneer should be reduced
to about 5% as aaon as poøsible since there is a &trong
tendency for mold and fungus growth to develop cn wet

veneer.

The dryer specified (See Appendix) will be used for

plain as well as for face voiieer. It is an automatic
roller type dryer in which the veneer is slightly prsaat
between the rollers by the weight of the upper rofl. The

dryer is 8 sections long and. 3 lines high. (Pig. IV ShOWS

a similar automatic roller type dryer 10 asetiona long and
4 lines high,) aeh of the bottom rollers is driven by a
chain and sprocket, and above each lies en idler roller.
Laid across the dryer at regular intervals is the steen
piping. Between the pivs and the rollers lie a serils of

z' nozzles which diffuse the air under the veneer as it

*Sswood: the outer (younger) portion of a woody stem
(or a log), usually distinguishable from the core (Rear

1wood) by its lighter color.
TH.artwood: the dead inner core of a woody stem (or' a
log), generally distinguishable from the outer portion
(sapwood) by its darker color.
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passes. The veneer moves in one direction. Oondttiona

within the dryer' rang. from a low tmper&tur. end a high

humidity at the fed end to a high temperature and low
humidity st the disebargu end. The temperature used is

Lbovs the atmospheric boiling point so that as water is
evaporated from the veneer, it is converted into super-
heated ateim which, mixed with air, makes en excellent

drying medium. This is kept in constant circulation by
the tans and the veneer is subjected to additional best
from the ooils end the rolls. The temperature is eon

trailed at both ends by an air-operated thermostat end
diaphragm motor valve. The speed of the dryer is regu-
2ated through a variable speed transmission and is varied
to adjust for' the thickness of the veneer, kind (sap or

heart), and the desired ultiaate moisture content.
As the veneer leaves the dryer, off-bearers select

acording to also, grade and thickness.

eneer.

Pace veneer's ai' those which form the outer surfaces

of plywood. The beauty of taee veneer dependø very

largely on the revelation of the figure in wood. Obtatn-

big the best figure from a log will demand woTkmsn who

can visualise in advance a bisutifUl end artistic veneer
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face while looking at a fliteh in its
shape.

p in wood is the pattern produced by th
annual growth rings, () wood rays, (3) pigmant tigsr

(irregular infiltrations of coloring matter), (4) tz'regti-'

Ittea of growth, and (5) the method of cutting.

many instano.s figure may result from a oombtnation

two or more of these baste factors.
Axnni&L growth 1ngs. Qrowth occurs in what is known

as the cambim, which is a thin layer of growth tiacui

between the bark azd the wood. aoh year, by growth in

the osmbtuaa, a tree add a layer of wood on the outside

of that preylously formed, inareasiag the diameter of ths

trunk. It growth is interrupted each year. by cold

weather or dry seasons, the character of the esUs at the

d of aeh year' a growth and the begimiing of the next

differs suffiotently to define sharply the aimnal laysZ!*

or growth rings. Thus, the 'various speOlee of trees

produce a wide variety of cell structure, els. end

arrangement In eaoh annual growth ring which, In turn,

produces 'varieble figures or patterns when cut Into 'veneer.

A fitch is a portion of a log sawed on two or more aidse
and intended for sliced or sawed 'veneer. The term is
also applied to the resulting sheets of veneer laid to
gether in the sequence of cutting.
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in parts of the tropics, whore tree growth is contin-
none throughout the year, no well-defined annual growth

layers are formed.
Wood rays. Rays are rows of cells extending radially

within a tree. When rays are composed of very large cells,

or are maiy cells wide, the produce what Is called a flake
figure.

Piginent figure. Uneven distribution of color or pig-
ment is the principal cause of figure tu some woods, and
also frequently accentuates the figure resulting from
other causes.

Irregularities of growth. Any distortion of the
normal course of the fiber growth will roduoo figure of

peculiar shares. Irregular grain is a factor of outstand-
lug lmortanoe in the production of figure in wood. Some

of the most important of these irregularities are con-
sidered below.

Stump (or butt). At the base of some trees of certain
species, the wood becomes distorted from lack of growing

apace and, oerbapa, from the swaying of the tree. (See

Fig. I).
Buns. These are huge tumors or warts tnat may appear

anywhere on a tree as a result of some pathological or me-
chanical disturbance of the growth area. (See Fig. I).

Crotch. A crotch is a section of a tree uet below



the point where it forks. The twisting of the fiber.
between the two hubs as they inorease in girth Makes
one of the most striking figures to be found in wood.

(See Fig. I).
Interlocked grain. Interlocked grain is produeld

when the direction of fiber alignment e3t.ritatss St

sir ale, resulting in what is known as ribbon or strips
gure when quarter out.

Method of cutting. The proper method of sutting is

essential in order to make the most of the natural figure
in wood. Three methods are used: (1) Shieing (2) 8aw-

trig, () Rotary cutting.
Shietrig. Sliced eueez'e either flat out

or quarter out. Flat out are produced by cutting

tangent to the rings or at right angle to the rays. (See

ITh). usrter cut venaera are obtained by autting a
oh at right angles to the annual ring. or parallel to
rays. (See Pig. IIB).

Sawing. Sawn veneer. are pz'oduos by cutting

fittehes or logs with a band or circular segment saw.
Sawing is usually restricted to woods that cannot be
shoed or rotary out satisfactorily. Its use Xe avoid

in other species because of the high per cent of waste

in the saw ke



Rotary outting. As previously explained, th

.og is mounted on a lathe anl turned against a pressure

bar and a knife. (g.e Fig. iiC). The revelation of

WLU5U&.1 grain figures may be obtained by 'Half 'round" ant

0Back' cutting, which are variations of rotary outting.

The same lathe is neid, except that the log is placed on

a devise known as a 'atay-lcg". alf.round" cutting

illustrated in Fig. lID.
Figure in Mahogany. The beauty of )ahogan7 veneere

in both figure and solor is of outstanding merit. The

haraoterictic interlocking of the fibers of the wood

gives a ribbon or stripe figure to qu.art.r-aliosd mateiial.

Crotches produce a very attractive figure, the distorted

owth yielding unnsual effects. Plain out Mahogany

ly has a figure of soft outline and low contrast.

color of the hsartwood varies from very pale to a

very dark reddiih brown, which gr we risher and darker

with age.

ation of logs for cutting.

The beauty of Mahogany may be developed best by site

ing In this method the Dull length logs sri stripped of

r bark end opened with a saw to d.termine the ckarastsr

of the figure. This permits a decision as to whether th

most desirable veneer will come from rectangular piecea

that wtU give plain eut vene.rs or from ratis3. segmants



he operation wi
sated in the proposed plant

en

yerticel slie*
81. AppendiX),

Ok. On the re tuTu stroke a earn divice cc

bUfe beak to olear the fitch. At the top of the strokI
ratchet and pawl type feet advances the knits for the

15

the log. If it ii found that la1n out veneirs are
advisable the log is sawn to the shape ahow* in Pig. I

radial out is advisable the segments sri sawn es
Pig. 113. These segments are oslied flit.hse.
hes are laee4 in large vets for conditioning.

The eoente on the preparation of loge for rotary eutting
paga 5) apply equally to slicer flitohse. Mahogany

best after soaking 14 hours, aM sometimes longer,
at tiaperaturos from 325 to 1'T5. When the flitshse

are suffiotently soft end pliable, they i.e. essAy for the
sutting operatien,

Slicing.

A virtual slicer consists of a stur4 bed t* whieh thi
tliteh ii fixed by togs; the btife is arried en a rigid
frame. A. standard type is shown in cross section in Fig.

The log bed with the flitah clamped to it moves
Ui, and dawn on angling alt*an. The stitting stroke has a

verttea3. motion of about feet and a lataral angling
motion of about 1* feet. The .iitting occurs a
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aeh ihsat of veneer out on the sheer is turned over
as it is piled so that the last surface out is always on
the top of the pile. In this way the veneer is in p.rfeet
eequnoa, exactly as. out. This sequence wiU be aain'-

tamed through all thi opations in order to m&k. possible
the proper matching of the stock.

Drying

The drying of face veneer will differ from the dryin
or. stook only in one riapeet-.the extreme oars which
zersised to keep ths sheets of veneer in the came
r as that in hiSh they same foa the slicer.

Dimeneionig.

?rior to jointing the sheets of veneer will be eat to
h in packages oni inch thick, and any sapwoOd on the

trimmed. These rough dimensioned fae Yenseis ala

en z'1a4 for 3ointing and edge gluing. The description

of thee two operations applies to both plain and face
veneer.

Jointing.

n the sheets of vener are not of saffietint width
the required panel., the dgse e out straight
preparatory to edge gluing. This cutting will be



done on a vaneer ointr of a travelling cutter head type.

The vensero axe preesed perfectly flat and solid on a
stationary steel table by a heavy steel cle*p bar and ars

pnahed against calibrated gauge bars whish can be adjusted

for the desired width of trim. The roughing and finish-

ing cutter heads are mounted on a carriage which moves on

rigid steel Ways. As the carriage moves past the ate-

tiOflaX7 package of veneer, the first cutter-head makes

the roughing cut while the finishing cutter-head, revolT-

ing in the opposite direction, planes the veneer edgea.2

(See tig. VI

14g. gluing.

The gins will be applied to the edges by an auta*atta
glue spreading device, which is mounted on the cutter-head

arrtage of the jointer, behind the cutter-heads. It will
3p?ad the veneer edges with hide glue leaving them ready

for bonding. This bonding operation should be done as

soon as possible to obviate the risk of any change

moisture content.
The sheets of veneer are quickly and firmly bonded

edge to edge under heat and pressure by a Tepelesa Tenser

edge Gluer. (See Pig. VII). The veneer which has already

had glue applied, is carried through the sachine by dri

rolls and the glue on the edges is moistened automatically
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with a solution of formaldshyds to shorten the setting time
the glue. As the veneer sheets pass through the aaehin

they are firmly pressed together under controlled eleotrie
heat which sets the glue almost inetent1y.1'2 if it is
determined that east factors are satisfactory, synthetic
resin glues may. be substituted for the hide glu. at a later
4ste.

Some of the adwantage of a Tsp3ess Bdge Gluing

machine are: (1) It eliminates the east Of tap, (2) it
eliminates the need for tsp, remoyal (3) Since no sanding

required for tape removal, thinner fa. yeneez'a can
used without z' of sanding through.

Storage.

Following edge gluing the vaneers ax placed in the
storage room, rady to be assembled into plywood.

The purpose ot this storage is twofold: (1) To

faailitats plywood assembly by hawing a reserv, of veneer
on band, and (2) To maintain or bring all wnasrs to the
oat suitable condition for gluing wbioh, in this ease,

is about a 5% motst*re aontent. This can be accomplished

e4ng the vsn..rs tn a storage or conditioning roam
where a temperature of 7007. and a rilati!. humidity of

maintained oonatsntly.



Mixing.

Mixing
Spreading
Assemb1
Pressing (Discuss. 1.

A general review of the theory of gluing is ineludei In
#the Appendix.
Similar principles could be applied to other sAhasies.

The following discussion i confined to the synthetie
adhesives nied in plywood#, sines they are recommended for

in the manufacturing precise (See Appendix).
There axe many reasons for the use of syntbetiO ad-

hasivea in the manufacture of plood Among them, the

following can be cited; water resistance mold resistance,

thin spreads, and goad strength qualities.
The characteristics of the most coon adhesives are
in Table i:

10cr steps could be oonsidered in the process of gin-

The purpose of mixing is to put the glue ox' adhesive

into a sondition for easy application.
The customary solvent is water, partly because of its

low cost, but also because of its special properties and
effects the solloidal materials from whioh glue is made.



The main diffteult enoontered in mixing is the tn
deney of glUe to fosm. ?oam is wade up of finely divided

bubbles of air whieh beoome entrapped in the viscous glue

liquid. The difficulty of eliminating foam often leads ta
the necessity of discarding the glus

The glue mixer ehoeen for the pr000aod plant will be

provided with double sets of paddISB turning In opposite

directions. These paddles are equipped with scrapers that

olosely hug the bottom and idea of the mixer to prevent

an aooumulation of mmixed material.

After mixing, the glue is transferred to a storage
tank. Sinse the working life of resin .4heatTes Is limited
(3.. Table I). it should ha considered as a factor of
extreme importance in the storage of the mixed gi

all eases the glue should be atxazi ana 3s1 aeerdnoe

with the intz'uetions furtisbed by the glue mazuLfasturer.

3pread

In tbreeply eanetruotion, the g3.u. is applied to both
sides of the core but not to the face or back. In the pro.
posed plant layout (See Appendix), glue will be applied to
the core by passing the core through two glue carrying
rolls, each roll being provided with a



doctor rolls are at metel and chremium plate, The glue

rolls are covered with corrugated rubber to permit very

thin spreads. The lower tank of the spreader is Used as a,

reservoir for a rotary pump, which will supply resin to
the rolls.

The amount at glue spread should be from 30 to 40

pounds of liquid mixture per 1000 square Lest of glue line.
Sina. both sides of the core stock are coated, the
amount of glue spread will be from 60 to 80 pounda of

liquid mixture per 1000 squa?e feet of tbrs.-ply plywood.
Test for amount of glue spread. The following

method will be used to determine the amount of glue spread:

on. square foot of core stock will ba weighed, run through

the spreader for an application of adhesive (both sides),
and reweighsd. Then the following formula will be appliad:

* (wW')lOOO
453.6

Where:

8 Spread in pounds of liquid mixture psI'
1000 square feet.
Wiight of sample in grams before spreading.

W'' Weight of sample in grams after spreading.

doator roll to rsgnlate the amount of glue plied. These



Assembly.

The time which elapses between thQ p eading of the

glue and the apolication of fun. pressure is called the
"assembly time".

I)uring this stage very important changes take place
e glue. Perhaps the chief change is a loss of water

from the glue film to the wood, which raises' the viscosity
of the glue. This change in viscosity is very important
from the standpoint of the final quality of the gills joint,
since the making of a strong glue joint depends primarily
upon having the proper correlation of gluing pressure and
glue consistency at the moment the pressure is applied.
Two types of weak joints may be produced as a result of
not having a proper combination of glue consistency and

pressure.
The starved joint, which is due to insufficient

spread, the application of too much pressure in dense
woods, or rapid absorption of glue into the cell cavities
of less dense woods.

2. The dried joint, which may occur with any glue
that has lost so much water that it will not adhere to
wood, even under a very heavy pressure.

anel assembly. Eor three-ply plywood th
used for face and back are conveyed from the star

room to the glue spreader and placed on the disoarge

22.
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f the machine. A load of core stock is brought from
same stOrage room and placed at the loading aide of the

prader. A load of aiztaöngauge jtnt caula sic pieced
ar the discharge side of th. machine. An .apt platform

truck is position4 at the discharge side of the spreader,
Two panels will be laid up between each eani. The

mbly for thresp17 pl7wood is; ul, face veneer,
glue-coated core, feoc ven.er: face yenr, gue-eumt**
core, face veneer, caul. This proosa is repeated until
as mans aasembiies have been made as will fill the Op$ni

inge or the press. As ,on as oue batch is reedy,
trucked to the pre



PRESS hG

The principal variables of this process, depending on
al to b. bonded and the type of sdh.sive need,

moisture content of the veneax's, the presmir.,
the temperature-time relationship.

Moisture content of ven.sr

Moisture In the veneer retards the penetration of
at into veneer assemblies. Higher moisture contents

require longer bonding cycles ami tend to set up internal
stresses that might cause warping and. twisting in the

I plywood panel. W.t epota may also cause blistering.
x is a chart which shows the effect of differences

In moisture content of vensirs on pressing time and tea
peraturee where the penetration depth ii 3/8 of an inch.
Similar enrvea can be prepared for any depth Of pn.tra
t ion.

i'rs seure.

purpose of pressure is to create aloe. oontao
tween the piles and to effect the proper degree of pine-

tz'atton of the glue. Good. adhesion occurs crAy if the

surfaces are brought into aloe, contact. It pieces
fleer are abaoiutely uniform in thiak.ss and if the

press platens are perfectly fiat very little pressure



aessary to óbtalna good otnt. RoweTer, arietions in
tbiokneee and imperfections in press manufacture are un-

idable. Yor these reasons, substantial pressures are
oeeaa:ry to obtain the desired results. This allowabli

deviations in tbteknesa are much larger than might be cx-
poted since th. wood baoomes somewhat plastic when it is

heated. Pressures yai'ying from 100 to 1'75 psi. are con-

sidered satisfactory for the spioies to be used
proposed plant.

¶L*emperattLre and time relationships.

The synthetic resin glues gain strength by a set
which La the result of a polymerisation or condensation

reaction. This set or polymerisation is acoelerated by
heat and heated press plates are required to sat the glue
n a. reasonable length of time. hat is essential to

yaporate the water of oondnsa.tion resulting from po1'-
merisation of the resin glue, as will as the water with
hieh tt*. gins was mixed. An additional advantage 0 hot

pressing is that pressure is applied for a relatively
brief time, (noraaUy 5 to 30 ainutes as compared with 4
to 6 hours in odd pressing), aM this permits th use of

higher pressures, If Long continued these high pressure.

would result in excessive flattening of the wood, cells
and a consequent denaification of the materiel.
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'ost of the resin glues used require a r.latiY.ly high
temperature to eat and should be held at that t.apexatur*
for a definite period of time to complete the curing of the
gin.. In the manufacture of plywood the problem is that of
diteraining how long a panel mnet be left in the press in
order that the glue line farthest from the press platos
w113. be heated to the proper temperature. Th. problem was

solved by Fourier with his basic atton. Gurney and

Lurie showed that it is possible to construct ft chart
which covers the general oae*.1 The Gurney end Lurie

hat is diesussed in detail in the Appendix

0I

The press for the proposed plant (See Appendix) will
consist of 12 dayiights*, requiring 13 steam heated
lstens1 thu producing 24 panels to each aberg.#. It Will

be quipsd with indicating gauges showing hydraulic pres
sure in the pistons. The pressure is produced by two

pumps: ft low pressure pump for elosinç the press quickly,
and an Intensifier for building up the high pressure
quired after the press closes. The pump pressure is

*Dayltgbt is the vertical, clear opening between each pair
1ot platens1
'Two panela par opening.



£et.rmin.d b the foraul

Gauge
(lbs/sq

(10)

very morn ing.

It000nd1t&onitg after pressin

The lyfwood panel dries very little while in the hot
press, but iYes off Its moisture chiefly during its

?lyw.od Area (eq Lit.) x $peifio
in,) Presaur [lb/iq. tL

.4gregae .xea o_ s.ozs .sq...n)

proisr maximum time e,llowsnoe in closing the

pxses is one minute. IZ this interve.1 is appreeiably
longer1 there is danger of px'aorring the glue before the
pressure becomes effective.

The steam main serving the press will be properlj
trained of condensate suet ahead (boiler aid.) O h.
pressure-rsdetng valve br a thermostatic air trap. )

The preesuref-reducing valve on the boiler side of the

iv uae to regulate the steam pressure entering

the press 4t.ns and thus control the platen temperature
The proper rgulation of eteam circulation through the
platens is of the most important elements in hot
press operation Sine. any water standing ifl the platens
tends to make cool spots and ma. result in irregalazf bond'

big. The trap beyond the press, to remove the aondaiiaate,

i11 be of the Bucket 1team Trap type, and ahould be

properly by-passed so that the press can heated rapidly



initial cooling, imaedtat.ly after removal from th. hot
press. Knoe, there is a tendency for th. hot-pressed
anal to be nnusuafly dry, a condition that makes the

wood brash and brittl, and encourages warping. (10)

Tn order to restore th, normal moteture oontent of
th. panels and to hold thin flat during this reconditton
tag prosesa, th.y are *uetoasrily piled, imedistely after
removal from the hot press, on a solid base, with all
edges In v.rtiesl s1&gnmrnit. They are then weighted down

with heed blocks and short ?1W beams. Thi panels should

be allowed to remain piled until they have reached room
sperature and the desired moisture content. Although

it is fairly eammon practice to spray or dip the panels
in water a. they are removed from the press in order to
restore the moisture content of the panels, theae methods
are more expensive and will not be used in the proposed

ant.



Dimensioning.

lbmi the plywood has been properly reeonditiomed,

will be trimmed to the required eLse and equard up on
doable out-oft saws.

sawing in plywood is partly eroseoutting and
partly ripping, due to the alternating directions of grain.
This requires a sonbination circular' saw blade, with group

of fine teeth for the cutting across th. grain, and
larger teeth and deeper throats for the cutting parallel

the direction of the grain.10)
Th. plywood dimension saws will be arranged in tandøm

8anding

iron the dimensioning saws the penile will pass
a triple drum sander for a. smooth even finish.

The sander truss .rc positioned above the table, and
are givoa a lateral and reciprocating movement in addition
to the rotary action. The first drum carries the roughest
paper: the second, a finer one; and the last, a finishing
grad.. asb drwi La covered With foit which ace as a

N MAJ1Th'AOTURE

(S.. Appndix). The panels (two at a time)
to length, while being held fla.t by relic
parallel saws and to width Ofl $ esoond
will be ready for sanding.

ill bs out
one sot of

hen the pani



ahion between the roller end abrasive paper. The thick-

noes of the panel is controlled with great accuracy by

careful adjustment of the sanding
The panels will be fed squarely to the drims

panel following the other as closely as posaible to reduce
the risk of rounding the leading edge. The bao side of

the panel is sanded first in order to give a better foimda-

tion for the accurate sanding of the face.

A belt aender may be added to the equipment at a
later date, to be used for touching up low spots which
have escaped the triple drum sander.

A belt sander oonsiata of a belt of abrasive paper,
oscillating table, end a manually operated pad with

whtoh the belt of abrasive paper is pressed against the

plywood panel. The pad is kept ntoing to and fro on the
running belt at the same time that the panel is moved

forward and backward by the movement of the table (21)

3 oral..

The finished plywood panels will be stored under eon-

ditions that will maintain the desired moisture content.

They will be stacked in solid piles, the panels in perfect
t, with a solid cover over the top at sash pile to
the panels against rapid changes in moisture eon-

warping, duat accumulation, and disoolIr&ttOfl dui to

It sander.

light.



SOME ROBL3S PNOO

The warping of plywood.

Although dimensional stability is one of the adY,n

gee plywood possesses in comparison with plain lumber,

stability of plywood in use is not attained unless the
principles of balanced construction are rigidly followed.
Balanced construction is obtained in the following nfler:

(1) 3y using an odd number of plIes, (2) By assuring that
the grain direction of complimentary plies (on opposite
sides of the oore) is parallel, (3) That complimentary
plies are of the same apeolis and. thickness, or, if of
different epecies, that the woods used have similar
ehantos.l and physical propertiea*, (4) That complimentary

i.e are the same distance from the core, and () That
plies be at approximately the same moisture sontent
he time of gluing.
Tiolation of the above principles usually reaul

rarping. Warping can be olaaaifi.d as either cupping or
sting. Outping may be defined as that typs of warping
which the four corners of the panel can be made to rest
a flat surface but the center portion is raised from

the fist surfaoe. A panel is twisted, when laid on

THE MAJUFA 0? tWO0D

ii possible to use apsoica of different densities
providing he thickness is adjusted to conform with
d.nsity.1l



a flat iurfao., on. corner is out of the plane of the

other three. These two types of warping in plywood result

from somewhat different causes although both may ocour to

gather. As a general rule, twisting Ia a matter of grain
direction. Tests have shown that with thin riels, deia
tiona as small as degrees bstwn the grain of any two
corresponding plies may introduce øonaiderable twisting.
On the other hand, cupping can be ooei&eXed as resulting

fl the toroe that restrain the oor* are of mqual mag
a on the two
The following outline suarasrises the ditfernt f&c

tore that may contribute to warping;
Twisting:

GraIn direction.
nd drying.

Method of fastening*.

Cupping:

A. Detests in oonetruotion:
Thiaker croesbanda on one side ths* en the
other.

2. Cross.grainsdT eroasbands on one side and
straight grimed on the other.
Doty oroseband on one side and eowit on the
other.

Twisttng has beau observed when plywood panels were tee-
tened rigidly to supporting members whose shrinkage ehar-

#aoteristIoS differed from those of the plywood pansl.
The term crone-grain has been used with two dirr.rent
meanings. In this sentence the term implies that the grain
dipe abruptly through the sheet of veneer from one surface
to the other while in outlining the causes of twisting the
term implies that the grain was parallel to the surface of
the sheet, but not parallel to the edges.



Ooapreasion wood in one croasband snd normal
wooö in the other.
3peciee of widely different shrinkage ohareo
terietios.
Widely varying moisture oontent at the time
of gluing.

Improper handling:
I Drying more rapidly from one side than the

other.
Highly resistant finish on one side with a
finiek of lower resiatanoe on the other.
Method of fastenine.

General;

Moisture oontent at the time of gluing
Density of species.
Ratio of eon thickness to total panel
thiekuesa.

Of the general anuses of warping, ahangea in moisture

content are the most important. A change in the moisture

eontent of plywood will introdnee er relieve internal
stresses. The magnitude of the stresses will depend on
whither or not the eonati'netion of the panel is balansed
and on the difference between the moisture content at
that particular time and at the tim. the gins was set,
The greater the moisture changes, the greater will be tha
stresses developed, end the greater will be the tendeney
to warp. Therefore, it is important that the moisture
content o the veneer at the tin, of gluing be a.s nearly

Twisting has been observed when plywood panels were fas-
tened rigidly to supporting members whosS shrinkage awr
sotenistios differed from those of the plywood panel.
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as possible qnal to the average moisture content the
stock is .p.ated to reach in servici.

Tests carried out by the Porest ?roduots Laboratory,
son, Wisconsin, have shown that the warping of pljwood

when subjected tovarying moisture conditions, is
or panels made of low density species, end gener-

tuoreases with increasing density of the species naid.
A high percentage of core to total plywood thieknoss helps
to maintain a flat, nwarped surfao.. The ooi'e should

comprise 1/2 to ?/lO of the total thickness of the panel.

d and veneer waste.

The waste in the manufacture of veneer and plywood

exceeds, sometimes, that of the lumber mill. From tests

eonduet.d on Tellow Bireh, the waste from converting the

log into veneer amounted to 84.2%, exclusive of bark.
lywo d manufacturers report a wait. of about 50% in con-

rez'ttng hardwood veneers to plywood.

seriousness of waste is clearly manifested, and
al operation requires careful consideration of

this factor1
general points to consider in a study of veneer

and plywood waste are indicated below:

1 Waste in veneer *sn'ufaeture:

Reova1 of defects. lessee from defeats aennot be
ompletely eliminated but they can be materially reduced
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inatruoting workmen in the importanoe of ayotdtng

neosasary waste.

xoeae length in veneer bolts. Veneer bolts

always out longer then the required veneer sheet. B

leaves a email ellowenee to take eaze of stain, end oh.ek*,
end leek of squareness at the mdi of the bolts. 0

ould be exereised in the woods to reduoe losses fr
this cause.

Rounding waste. This Is the wasts produoed b7 the

relininary outs of th. lathe In "rounding up" the log.
is not until tb. log is syia.trioal that veneer is

ohie in a continuous sheet, free from voids. 0ar

ful chuoking of the log in the lathe will reduce this.
sees.

upping waste. In addition to normal slipping
loses. incurred in trimming to else and removing detests,
there are irregular pieeeu produced during the rounding
operation which can be salvaged by proper clipping.

Oore. The average rotary lathe leaves a core 8"

in diameter. By eoapsrieon, the slioing prooeas leaves

a 1" board on the maohina. however, the slicing

process results in a sinifient loss at the out up mill

in the form of sawdust, slabs, ate.
MteoeUaneozs. Losses fx'on damage during handling

and drying, 3ztreme ear. is required to avoid severe
losses in the handling of dry face yeneers.



*, W58t1 in ply-wood menufaoture. The losses that

be oonaid.rsd are due to:
Br.aksg of dry veniere
Jointing
Triami
Sanding
Rough haMl

The utilisation e.

Waste i inevitable in a veneer plant. The customary

use of this waste is for fuel, and if no less expenaivi
fuel is available, this is an ,eonomiesl 3)X'*OttOe. h.
inexpensive fuel is available, there are eeYeral possibil"

te for the utilisetion of veneer waste. The following

suggested method whioh would not only aske soonomiosi,

use of the waste material but whieh would also inareasi
the value of the primary produot of the plant.

The steps in this pz'oaaas
3.. The prodnetton of wood fiber.

The r.fining of the resulting fiber.
Forming the fibers into preforae.
Molding the preformed fiber under heat
and pressure (Rardboard).
haprognation of the bardboard with resin
of low aoleau3ar weight.
Set of the resin wider heat ad pressure.

t i; logleal to assume that the bulk of this fiber
oould be need at the proposed plant to expand the div.i'ei

ood produats by manufaotm'ing fibar"fs.esd panels

low quality rotarys'eut veneer for eore stook.
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Theory of giuth

It La generally coneeded that bath asebanical adheal.

end apeoifio adhesion play a part in the bonding of wood,

although there is a lack of agreement as to the relative
importance of eaeh.

Meohanioal adhea ion. When two wood surfaces ar

brought together ndsr pressure, with a film of wet gins
between them, the glue will flow into the minute openings

n the two surfaces. The bond ivhtch is obtained is attn

buted to the interlocking of the glue nd wood, whih

suits from the solidification of the nvous projeatiofli
of glue within the openings of the wood,

Speaifia adhesion Smooth materials, i.e., glee
sheet of plastics or polished ietaie can be made to adhere
with certain types of glues. It is conceivable that tbi
surface of a piece of dense hardwood can be made approx-

imately as smooth a glass with a minimum of cavities for
the aecommodationa of the prongs of the adhesive. It is a
wefl known tact that. snob smooth surfaces can be atii.
faotorily g3uad together. This indioate that there is
another form of adhesion whiob is terd specific adhesion.

Two closely related. faotors play a pert in apecifto
adhesion. 1. The polarity of the wood and the glue.
2. The hydrogen-bonding ability between the resins and the

39
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aUulose or the admorbed layaz' of water molecules already
present on the

Polarity. Polar molecules contain powerful fields of
and, therefore, tend to orient themselves in in else
ft.l41' In some highly polar compounds there are

permanently localized electric fields at different points
upon the surface. Thus, the molecule acts as a charged
body having a post tim charge at one point and a negativ.
t another, opposite in sign but equal in oharge.6) The

ao)sauli is lsotrteslly similar to a. short bar magnet and
called a dipole. Like a magnet, It will demlop a

moment, ioh can be measured by the molecule's tendency
to turn in an electric field. A polar *olecule, then, Ii
one that has a permanent dipole moment. (6) Liquids and

solids are grouped into polar and non*polar categories.
Strong Joints cannot be made with polar adherents to no*

polar adhesives nor with nonpolar adhejeats to poler
adhesives. (10)

Hydrogen-bonding ability. Tb. concept of hydrogen

end formation, in the simplest terms, is that hydrogen
an act as a Unk between two strongly electronegative

atoms, such as 0 and N. Generally strong hytrog.n bonds
ax. oo, i.ao, o.uizjj9) host of the synthetia resins
glues used, and the proteins and starch gluss as well,
are amply supplied wt* groups whioh ean form hydrogen

ads to oefluloe. or water.



Ooflol.dal proDerties of glues. It is impossible to
sues the theory of gluing without mentioning the COiii

Ida, since glues are typloal oofloida, aM exhibit col-
loidal raotions at eash stage of their use. The word

oiIoid, as na by the chemist, denotes a state of matter
which is distinguished chiefly by the size of the ultimate
partial, of the dispersed material.

One of the properties which is peculiar to the aol
loidal state is its propensity to change in viscosity.
Colloidal liquids may change in both ways, that i

thick liquid y get thinner or a thin liquid may get
bicker until it raehse a solid state (gel). The point

to be noted in colloidal liquids is that they may .}!nie
when there is no easily obserted reason for their change.
it is found experimentally that, as partial. size dc
ereass, the stability of the system tends to increase

ri greatly.(6)

Both, the aol and gel states are requisites of a
Colloidal liquids are eapable of high viscosities

vi the proper consistency to be spr.ad by macban

ane They also remain In the position spread,
Do quickly and readily pass over to th. gel

stat.. The gel stat of a oolloid may be very high i
liquid and yet have very oonsi&erable strength. It is
such properties as these whieh enable a glue gel to have
oiiat&erable strength long before it has changed into



dry solid.

As stated by Charles B. Warns in Ida book, "Tesimique
f Plywood," "wood it.lf is a colloid, both the eaUu-

los, and the ligrilu as well as possible other ooaponents
of the wood are colloida. Particularly when the wood Is
wet by the glue do.. it begin to zhibit it. colloids3.
properties," 8inee wood is colloidal in nature, it has the
property of permitting th. passage of certain substanees
and of preventing the passage of others. This Is deter.

ned by the ala, of the molecules Colloidal particles
In general of such a else that they wiU not pass

rough the cell walls of wood. On the other hand,
moleøulea such as those of water, caustic soda, chemical

salts and the ilk., are small enough to pass through the
oolloidai film of the cell walls of wood. If it wire not
for the fact that glue contains a large smout of eollaids,

would be notlijug left to form the glu. joint, since
any substances of lower molecular eLse than colloids would

completely migrate into the wood.

and Lurie chart. (See Pig.

As previously described, an important problem in the

ure of plywood by the hot press method is that of
determining how long a panel must remain in the press Sn
order that the glue line furthest from th. press plates
will be heated to the proper temperature and held thai'.
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for the required. time. The problem may be solved by the

use of the gurney and Lurie chart.
The curve was obtained by oonverttng some of the more

common formulas for heat transmission into expressions

containing pure ratios or non.-dimensional variables only,
thereby enormously reduoing the necessary basic oaloula-

ttc'ns.
The abscissas 0 to 5 are in units obtained by mul

plying time, 9. by thermal d&ffustvity*, of the aaata'

rial, d then dividing tbi oroduot by the square of OnS

half the thickneas of the panel, B2. The expression gOn'

erally emnloye in denoting this relation is: s Gh2/R2.

The ordinates 1 to 0.002 refer to the ratios of nnao
abed temperature change to the total, limiting, or

possible temperature change that the thermal envir
onment can impress upon any part of the body; i.e. the tem
perature-difference ratio at the start is conceived to be
unity and to approach or eventually become zero. At any

time Q, in auastton, the temperature is conceived to differ
from the final temperature by a temperature ratio, , which

*j)jfl5jyjy is a measure of the change in temperature
that woula bo produced In a unit volune of the substance
by the amount of heat that flows in unit time through
unit area of a layer of unit thickness end having unit
difference of temperature between faces.
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aproaobea zero as a limit. The expression employed in. 
denoting this temoeratura-differeno. ratio 19: Z * 

where, t1, is the teperature of the panel before preaing, 
is the ter,eratirp w1tbj the 'panel at distance, r, from 

the center anI t a time , after the panel i inserted in 
the preas and, 18 the temperatnzo of the press. 

The orRnates ax's funotions of two variables othe 
than time. The first of these, p, is the ratio of the di. 

tance from the center to the toint in onet&on, z', t the 
distance from the snrfaøe to the center. Thts ratio, p. 

is, therefore, zero at the center and -unity at the surface, 
with intermediate values. Th9 expression of this position 

ratio is: p 

The other fanetion, m, is th ratio of the thermal 
oonduot1ity, k, of' the material to the roduct of the 

thermal snrfaae cOnduotiyl.ty, B, and the semi-thickness, 
R. of the nanel. This Is expressed mbioalLy by: 

I/BR. In the ease of plywood panels where the surface of 
the wood is immediately raised to the temperature of the 

plates, the thermal sw'fac conductivity could be consider-. 
.6 infinite, then is 0. If the sux'fao, is perfectly th-. 

enlated (B 0), then a : -- 
The chart is expressed in .&rttblog ordinates, that ii 

the abaoiaaas progress according to qual arithmetic lucre- 
manta, while the ordInates progreas in * logarithmic order. 
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Use of the chart. As mentioned before, two panel

per opening of the press will be used in the proposed
plant. For the purpose of tilustratton, a 3/8" panel is
used, thus having a total thtoeas per openthgoZ two
times 3/8", which is equal to 3/41. The ooreof each panel

will be considered as 1/4" thick and both mahogan7 faces as

1/16" thick.
This is a case iere the panels contain two species of

wood, The calculations would become too oomplioated if an

attempt were made to take into account differences in dif-
fualvity of the different species. Sufficiently close re
suits can be obtained by using the diffuatvity of the wood
comprising the roater noz'tion of the panel, or, the wood
of higher density which heats more slowly. (The diffusiv-

ity decreases as the apecifto gravity increases.) ue to

the lack of data for the wood oomristng the greater por-
tion of the panel, the calculations Will be made by using
the data available for mahogany.

The data available for mahogany are:

Thermal conductivity (K) 0.09 BTU/(hrj(aq.ft)
(0Pper It)

ens1ty () * 34 lbs. per cu.ft. (at 6OF)
Specific heat (Sp) 0.50 BTiJ/(lb)(°)

Thermal diffusivit; (h)
1k/DSp' .--h2 0.0053 aq.ft./hr.
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Asaum g a temperature of 80 for the voneers before

they are plaoød in the press, a press plate temperature of
300°?., and a phenol Lormaldehyde resin which sets in 3

mutes at 2900 (14) the problem consists of determining

the time the panel should be left in the press in order
hat the inueiost glue line (5/16" from the surface) may

reach the prober temperature.
The temparature-differerice ratio will be:

300-290 z 0.045
3O0.80

The position-ratio: p z'/R : 1/16 3/8 0.167

The thermal-resistance ratio: a * 0
With tbiø data, starting at the upper left band margin

f the chart at a te.eratnre difference ratio of 0.046 and
moving horiontal1y to the right to the curve representing
the oeitton ratio of 0.167, and then downward where it is
found that the value of dimensionless time expression is
around 1.37. Then:

Zf the glue requires 3 minutes to set at thi8 aper-

ature, the panel should be left in the press about
minutes.

Results obtained by this chart agree very oloaeiy
values obtained by the use of MaoLean' curves.



Testing for Adhesive Strength, Moisture Canton
Moisture .beorption.

Testing for adhesive strength.
Plywood shear test. This test is made on dry plywood,

and on rlywood soaked in water at room temperature for ,&r

ious intervals of ti
The test pieces, 3k" long by wide by 3/16" thick,

1.cted to give a repr.sentatve sample), are cross
slotted, leaving a canter section, to resist the p11 of

the testing machine. (See Fig. VIII).. The enda of the

eDocimen are pripped in jaws of the type shown in Fig.

VillA, and given a shear test in any standard machine baT

tug a rate of load ap1,lieation of 600 to 1000 potmde per

minute. The samples are tested until separation occurs,
and the iaxiaum lead is recorded. The dry test is usuali
oonduot.d with the plywood gamlee at a moisture content

of between 8-12%.

Plywood consisting of more than three plies should be

trtppad of all except any three selected plies, and than
preared as shown in Fig. VIII. In plywood. with face

plies thicker than 0.04? inches, the shear area should bs
one square inch, as shown in Fig. VIII, specimen A. 8peci

mens of rlywood with face plies 0.04? inches or less in
thickness should be of the form shown in Fig. VITI, speoi-

men LI, in which the shear area should be reduced without

ehaning the width of the seoimen to 1/2 tneh.161

4,

I
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The wet test for aircraft plywood requires complete
mmersion of the sample in boiling water for 3 hours.

They should then be removed from the boiling water, placed

n cold water, until at approximately room temperature and,
while still water soaked, tested to failure by the method
above mentioned.

Moisture content teat.
?rouer moisture content is an important consideration

in all plywood operations, so that the plywood panel will
remain flat when it is in equilibrium with the atmospher
conditions encountered in use.

To determine the moisture content, emsfl samples are

out from different points in order to be truly repz'esenta
tim. The samples should be free of slivers or loose

particles that might drop off in handling. Iaoh sample

should be weighed in its original condition, then placed
in the oven until a minimum weight is reached, which is,
for practical purposes, bone dry; the sample i8 weighed
again promptly on removal from the oven and the new weigh

is recorded as the Boneliry weight. The percentage of

moisture content will then be given by the following
forinu1a:1

Per cent moisture content
9rtginal wtght Bone Dry g14

.one _- wetg -



1oisture ftbBO3?tiOfl.

Moisture absorption capacity is an important faotor in
plywood used in boats or in e1alut1ng high density plywood

for such uses a airplane pro,eUez's, where alight increaseS

n weight ixtight destroy a carefully established balanoe.0
This test is the reverse of the above, and. is usually eom
puted Ofl the original wetght, as the Bone Dry weight is

often difficult to determine. The foz'nula then beoomea:1O)

Per cent of moisture absorttton
Weiiht after soaking

igin
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st&mation of the Specific Gravity of Plywoo

This is & very important factor in plywood used in

boats and airplane construction.
In order to produce a plywood of a given speotfic

gravity, certain factors uzuat be considered. They are:

pressing conditions, number of plies in a given tbiekness
of lywood, the weight of the bonding medium applied psi'

mit area, eta. These factors result in the final product
having a greater eDeciflo gravity than the veneer used.
Therefore, two steps are required to obtain the epeoifi
gravity of a plywood panel.

1. To obtain the average apeolfia gravity of the
veneer plies wei.ted according to thickness. This is dons
by multiplying the thickness by the apecifto gravity for



Wbere

Gay. Avrsgs speotfic gravity of plies weighted
as to tbiakn.sa (from slap 3

TV Sum of thieknesaea of oven dry Veneer plies.
Pp Thickness of oven dry plywood.

Number of plies.
0.002" Constant for phenolto resin glue (0.055

per sq. in.).
0.01 Constant to correct for difference in

shrinkage of plywood and veneer.

0

aGh veneer, and dividing the sum of the products by the

sum of the thicknesses.
A method for determining the specific gravity of va'.

nears has been develot*ed by the Porest Products Laboratory,

Madison, Wisconsin. A sampla of veneer 18 cut with en

ordinary paper trimmer to 100 squal'e centimeters (10 by 10

oentimetars) or 50 square centimeters (7.07 by 7.07 oentt
meters) depending upon Its thickness. The thickness of the

veneer is measured by a micrometer to 0.001 of an ineh.

The veneer is then attached to a sensitive spring of the
type used. in a Jolly balance and a chart is read direoti
in specific gravity for the given thickness of veneer
employed. (See rig.

2. To obtain the increase in apecifle gravity. It
may be computed from the following formula developed by

the Forest Products Laboratory, Madison, Wisconsin:



The value obtained from the formula is added to the

value obtained from step 1, to give the specific gravity
ot the plywood.

A simpler method, which eliminates most of the maths'

matical calculations, has also been developed by the
Forest Products Laboratory, Madison, Wiseontn.3 It
consists of a chart to determine the specific gravity of
large sized thin panels, particularly when panels o
form surface area are involved. (See Fig. XII).

The data necessary for the chart are the weight of
the plywood panel in pounds and ounces, its average thick"

noes in inches to the thougandtb of an inøh, and the sur-
face area in square inches. With these data, the chart is
need as follows:

On the vertieal 83*10 to the left of the chart,
locate the line representing the weight and follow it
horizontally to its intersection with a vertical line
representing the thickness.

Follow this position along the oblique lines
its intersection with the vertical line representing th
area of the plywood.

From this point follow horizontally to the right
hand margin and read the specific gravity.

There ore two specific gravity scales. The first
scale is to be used when the plywood has been weighed an
measured in the oven dry conditions. It has been fo
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that panela that have been preseed in a hot press at approx
imately 300°L are practically oven dry about 30 sesond

after removal from the press if a norial pressing echednis
has blen used and if the plywood is 0.200 inch in thickness
or The second scale i to be used when the ply

wood has been weighed and measured at io% moisture content.
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flant equinmeut.

The proposed plant for Peru is designed to produce
1,000 cubic feet of finished plywood panels per day. which

would be equivalent to 32,000 surface square feet of three-
ply panels, 3/8" thick. This ie based on the veneer dryer
operating 24 hours a day, and the remainder af the machin-
ery operating 8 hours a day.

The equipment will be suitable for hnc1lin loge

having an average diameter of 30 tnchea a 'axtmum diameter

of 4a inches for rotary cutting; a maximum length of 102

inches for rotary cutting; and a maximum length of 12 teat
for slicing.

The coat of this equipment packed for export, t.o.
factory with freight allowed to New York, is l55,'?50.0O.

This estimate, made by the United States Machinery Go.,

Inc., 90 Broad 8treet, New York, is based upon a one-lathe
plynood factory with a veneer slicing unit, including the
electric motors for eiutpi,ing the factory. It is under-
stood that eleetric power wl].l be delivered to the facto
and that its characteristics will be 220 volta, 60 cycle,
3 phase current. A boiler of sufficient sue to furnish
steam for the roller veneer dryer end the press is in'-
eluded.



To this estimate should be added the coat of soaking
vats, log yai'tt equiment and conveyers for transporting the
waste. A rough estimate suggested by the United States

Machinery Ce., Inc., is $,000 for the soaking vata and log
yard equipment, and 2,5OO for the oozweyors taking the

wast. from the lathe to the hog, end from the hog to the
boiler house.

These estimates do not include: (1) The ai].l for
cutting the log into flitebeø fez' the slicer mince this
will be conducted as a separate operation; (2) The blows
eysteni for the elimination of sawdunt from the machines.

Mach inery.

On. Log Band Uutoff Saw, complete with drtte motor

for cutting logs to proper lengths for the lathe and slicer.
A complet. set of fittings for a 440n capacity stiff

legged derrick.
On. 5"ton capacity 3leetz'ie Roist, øoin.4ete with eleo

trio trolley and monorail.
One Motorised Lathe for rotary cutting. Maohine to be

furnished oomk,lete with four-speed 50 h.p Main drtia

motor, V-belt drive, and also neoseary controls.
Three Motor Actuated Veneer Clippers baring a knife

length of 100". These clipper will be used for clipping
the rotary cut Veneer coming from the lathø.

One Automat Roller Veneer Dryer. Machine to be 13

sections long, 3 taos high, and equipped with 14'd" rolls
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spaced on 5' centers. When supplied with steam at a

pressure of 175 lbs. per square inch, this machine will
dry 64,000 square test of 1/8' thick rotary cut veneer,
plus 2,0OO square feet of 1/16" }thogany down to

ture eontent every 24 hours.
One Travelling Head Veneer Jointer with automatic

glue aprea&thg attachment.

One Motorized Tape1es Veneer Splising Machine.

One 12' Veneer 3lictng Machine. The machine is euite

able for handling flitohea up to 12'6" long by 28" square.
Machine to be furnished oomplete with main drive motor,

knife carriage motor together with necessary drives and
ontrols.

One Motorized Veneer Clipper having a knife length
of 165". This machine wil]. be used for dimensioning face
veneer prior to Jointing.

One Motorized Veneer Knife Grinder. Machine to be

auitabl* for handling knives as used with the machines
listed abov,.

wo Motorized 001.1 Glue Mixers. Machine to be suit"
bie for preparing all types of synthetic resin glues,

eaeein and similar adhest'ves which do not require the use
of heat during their preparation.

On* Resilient Roll Glue 3treader. A motorized masbins

complete with 'variable speed drive and a circulating pump

system complete with pump, relief 'valve, bypass distributing
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pipes and separate motor and awitoh for the same.

One 3teel Frame Plywood Press. iaobine to be equipped

with platens measuring 100" long by 50" wide and having 1

openings. Xquipment to be furnished with press includes

two pmzp, two motor' bydranhia pvinptng system, and all noose'

sary temperature and pressure indioating inBtrumI9nts.

One Panel Sizing Unit. A unit to consist of two
machines having the same general spsoifioationa exoept that

the first machine will be used to size panels to any width
up to 48', and the second one for sizing the panels to any
hangth up to 96'.

One Three Drum Sander having a bed width of 55".

Jaah sanding drum is driven by a separate built-in motor,

and the feed bed is also driven by a separate motor through
a variable speed control.

One Veneer Waste 1og, complete with main motor direct

connected by a flexible coupling. This bog is auttable toz'
grinding veneer waste and small cores into chips of suit-
able size for use as boiler fuel.

One liR (Korizontal Return Tubular) boiler built for
an operating pressure of 200 lbs. per sq in. and apabl
of producing approximately 5,000 lbs. of steam per hour.

Xaahtne layout. se Fig. XIII
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Cowrts:y, Merritt Eng. & Sales Co.

F1. III.. Perspective view of standard lathe, with left end removed to show
cutting mechanism.
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Cowrteiy, JohnsoN City Foundry & Machine Co.
Fig. 11k. Cross-section diagram of a standard veneer slicer.



Fig. VI-Traveling Head Veneer Jointer,Cutter Head Side



Fig. VII-Tapeless Veneer Splicer



SPECIMEN 4

SPEC/MEN

FI. VIM -PLYWOOD GLUE

SHE4R-TE$T SPECIMENS

CUT 2/3
THROUGH CORE

CUT 2/3
THROUGH CORE

FIG. vui -TESTING GRIPS
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Fig. XI- Determining speCifiC gravit7 of veneer.



H-]

F -

L

H

-
t

I-I



1131

0.040
.040

.030
.030

.0
.

.030 .100 .U
0 .110 .110 .140 -

.340 ..
.

_140
4-

I22222-'"''
S

S
iS

!
U
I
l
I
5
I'II

.
.
.

: ::
11.h1;:bI;,:"iuh.::.

uh:"
s,,sssss,sss,us,,..

"'*'' is. s. h.'ui,. iks.
.
i
i
a
s
s
t
s
,
.
;
.

i

.
:
.
u
i
i
s
s

:zunzn::iH
:H

h:nu:;.
''

':
'

":!9.:''::..
'
1
9
1
1
5

'
..s'.II

s
i
'
s
I
I
i
u
i
u
I
a
:
s
5
5
,

.
.
,

3*
-

.r.i
;
.
s
s

s
 
i
i

s
 
s

a
s
 
a
s

a
s
s
 
s
a
s
s

1"111 181"
'

m
u
s
s
.
 
'
u
s
u
l
I
u
u
s
i
s
.

,
,

3
0
.
1
:
.

i1i129I
1.... 1

'
.'

''
..sIsI 54

5
I

I 5 I
Is I

5
5
 
u
s

III S
ill

S
, 2

,
;

2 ,
,

'
81

1
2

'
'
I
'
'
I
.
5
I
l
I
i
S
i
l
5
.
I
5
5
.
'
l
i
s
'
5
5
I
I
.

.
.
'

I.
Ii IS

I
S
.
1
1
i
.
1
5
5
s
.
1
5
1
5
.

.
.

ii.,
.11.

-.
I
'
'
,

''..9.9'.9;.'9:,
I

I I
1

1511 U
.
5
.
5

u
I
'
.
.
 
'
I
s
:
.sssu s.lsu u..su.u..

.5' II.
s
'
I
'
s
.
l
.
I
s
.
I
s
.
u
l
S
'
s
s
.
'
u
u
s
:
I
s
s
I
.
'

'
'
'
.
3
I
'
l
I
:
s
s
,
s
.
I
b
,

'II:S
lI:sIIIim

i
'
;
s
l
 
'
i
i
.
 
u
.
:
s
 
.
I
s
s
s
u
s
:
 
l
i
i
'
s
 
5
i
1
1
 
5
.
'
,
.
 
i
s
;

.
.
s
'
.
l
.
I
.
s
.
 
l
i
i
i
.
 
1
1
:
3
0
.
5
5
1
.
 
I
i
.
u
s
I
s
.

.
3
5

5
'
.
I
.
l
.
5
.
I
b
'
5
.
I
l
i
'
u
5
5
i
.
'
l
l
5
.
i
i
5
s

'
.
5
'
.
i
'
.
I
.
S
.
I
i
I
I
:
I
S
'
I
s
'
u
s
.
s
s
s
;
I
I
s
.
.
u
u
s
s
'

9
5
1
1
1
.

i
5
5
i
.
I
.
l
.
l
5
l
i
:
I
s
i
i
:
u
l
s
'
l
.
s
'
5
,
u
.
I
u
I
u
.

Ills.
.
'
'
'
'
s
s
i
I
.
s
.
e
.
q
s
'
s
.
q
s
:
s
s
.
'
I
s
:
I
I
I
:
.
u
s
s
'
u
u
u
s
.

i
5
s
'
I
s
5
'
I
5
u
.
'
l
s
l
s
:

,
.
s
1
.
s
'
i
I
u
.

:lI'Is'II:.II:.s,...,u:
':sI.i,.l.

1
.
1
,
5
1
:
1
1
 
'
5
s
i
a
.
'
u
i
 
.
5
5
5
,'111.9130.'

S
I,. I'll. S

. S
I
l
l
'
I
l
5
'
u
l
I
S
u
I
l
.

.I I.'i5. S
. S

. S
ill's

i
5
5
.
l
I
5
'

5
5
5
5
.
'

'
3
I
'
3
I
.
5
l
 
l
8
I
I
l
S
'
I
5
'
5
5
l
I
5
'
I
,
l
9
5
5
,
'
I
5
I
 
5

.
-
.
,

'
5
l
.
I
.
I
l
3
'
I
5
I
'
5
5
'
l
5
.
l
I
I
.
5
s
s
.
l
I
5
.
.

.
'ii 11,

sIus-IIus.'
.

I'
1'!

!"5
.'.l.'s.'s.'s ubsu:sI:ss.sus'sss's..l..,

.-
;

fI
.'ill.l'l.i:sbIi.Il.ls.lIs:sil;ssisu,uiIisi..s.,,u,.s.su.1.!!.....2

18'"88;"!8
8

'
-

'i'l'S
'I.liII.II.

.
I
I
s
.
'
u
I
s
.
.
l
s
.
s

.
.

S
l
,
l
5
'
I
'
$
'
I
I
i
5
I
.
l
I
i
5
I
5
'
l
i
i
i
,
I
i
i
.
i
p
i
s

'
I
:
,
,
'

:
l
5
u
'
s
I
I
.
,
I
s
I
s
s
s
u

.
'

111
,iii 1z1'::;, ..

:.,'
',,.,,u.us..ssi..

.
.s.,,S

',s'
.lI.I.III5.,IIs.

'
1
5
1

.
5
'
i
I
.
U
.

.
1
5
.
1
5
.
5
1
.

'
i
s
I
.
u
u
I
l
.

'
I
.
.
.
.

l
.
'
s
.
 
U

I
S
 
'
5
5
5
,
I
,
,
 
'
l
i
l
'
S
l
 
I
.
 
'
I
s
 
i
.
'
i
u
s
i
.
'

.
.

-
.

.
5
 
c
l
'
s
 
a
.
 
5
.
1
 
1
:
1
1

'
I
s
.
 
u
1
5
:
I
s
s
.
0
 
h
I
 
'
l
i
p
s

'
l
'
s
 
,
I
.
.
u
i
 
l
a
s
s
 
'
I
I
U
 
I
.
 
1
5
1
.
1
1
5
.
 
1
5
1
5
.
1
1
1
 
U
.

.
5
1
1
1

.
'

.
.
5

a
.
,
.
s
s
u
s
.
 
3
0
5
5
5
q
,
5
,
,
p
,

:
1
1

'
1
.
1
5
:
5
5
 
5
5
 
I
I
I
'

I
s
'
u
l
 
5
5
.

.
u
.
a
s
l
s
'
u
.
,
.
s
l
.
.
i
l
s
s
'
s
.
.
.
s
I
l
.
s
.
.
.
.

2' 2''"1,
a
,
.
.
.
.
 
u
s
,
.
.
 
a
s
 
'
s
,
.
i
,
.
 
1
5
1
1
1
5
 
I
s
,
.
 
1
I
i
5
.

:
1
5
1
1
 
.
5
1
.

.
J
 
.
h
 
.
.
 
.
.
.
.
.

8
1

.
s
'
i
'
I
'
U
;
s
i
I
s
.
I
J
 
I
I
:

.
1
1
1
.
3
0
1
5
I
1
5
5
.

.
5

S
.
l
s
.
'
I
I
.
u
I
:

.
l
I
l
.
'
h
I
I
.
l
I
i
i
.
'
I
I
$
I
.

.
1
3
1
1
1
1
 
'
5
.
5
5
 
U
I
 
'
I
s

q
I
s
l
 
'
I
I
I
.

'
S
i
l
l
'
-

a
.
 
1
1
,
1
5
'
S
.
 
I
S
I
S
 
'
I
I
.
 
l
I
5
'
I
l
3
'
h
I
I
 
I
l
l
 
S
'
I
I
s
I
.
S
I
s
 
5
.
.
.
.
.
.
-

5
-

I
'
I
.
'
l
.
h
i
'
I
h
I
U
l
'
S
i
l
h
I
I
$
.
'
u
j
i
.
u
i
i
i

-
'
'
8

'
a
s
s
,
.
.
s
.
 
'
a
s
s
 
.
i
s
.
.
l
i
i
s
.

'
I
.
,
,
.

'
l
l
.
i
s
s
'
i
p
s

.
.

u
,
s
s
i
,
,
.
 
I
S
 
'
S
I
'
i
i
 
'
s
s
,
s
a
e
 
a
l
i
a
s
.
 
s
'
s
,
,
,
.
.
.
 
'

-
.
.

I
:
1
.
1
,
3
0
1
1
.
5
5
.

'
I
s
.
 
I
l
l
.
 
1
1
1
.
1
1
1
1
 
1
1
1
5
:
1
1

"
P
1
"
"
'
'
"
 
'

I
'
S
'
I
;
I
.
h
I

s
,
u
.
s
a
i
s
.
s
.
p
p
.
.
s
 
,

:
"
"
'
"
'
 
"

'
U
I
.
'

'
s
i
.
I
s
s
.
,
s
s
.
,
s
,
.
.

.
.
.
.
-

'
s
I
,
'
h
l
.
I
l
s
'

s
.
I
l
l
s
'
h
i
l
s

'
I
l
l
s
.
,
,

-
3
.
.
.
-

5
'
l
.
I
s
'
s
3
l
I
.
s
u
.
l
s
s
'
u
s
.
l
I
s
.
a
p
s
s
'
,
U
a
I
'
I
2
8
g
2
g
1
 
.
.
.
.
2
2
"
"
'

2
2
'
-
'

l
i
i
i
,
 
1
1
1
1
.
1
5
5
'

5
5
5
5
.

-
-

'
I
.
 
1
1
.
1
1
.
 
I
I
.
i
H
'
I
I

s
.
,
s
'
s
.
s
a
.
 
u
s
a
_
u
,
'

'
,
,
s
.
a
.
i
 
"
1
.
!
9
 
.
.
.

9
,
 
5
5
5
5

5
 
'
l
i
i
i
.
 
u
s
 
'
I
I
S
s
5

I
5
t
f
"

'
'
I
'

'
s
.
i
.
'
,
.
'
u
s
.
s
i

-
i
,
5
i
,
;
,
u
I
,

I
5
'
I
.
I
I
'

'
I
I
I
I
S
'
l
h
b
'
I
I
i
I
I
I
s

It!.
s

l
b
s
.
'

s
s
'
u
s
i
'
,
u
.
.
-
u
s
.
h
,
,
.

.
-
.
'
,
:
'
.
"

'
I
.
 
s
i
'
s
.

5
1
1
'
I
s
.
'
I
I
S
:
u
s

5
.
 
5
5
.
 
I
 
S
 
I
l
l
'

9
-

i
s

u
s

u
s

u
s
a

3
l
i
i
i
 
I
S
I
S
 
I
I
.
 
5
I
l
'
I
I
i
I
l
l
J
'
I
s
I

1
.
1
1
 
1
5
5
5
 
1
5
.
 
1
1
1
1
5

'
I
i
 
1

8
P

'""- !"
.

1.
' i1hI'

U
;....dU

lk.
.II'IllI.II.eII'
'
1
1
1
5
.
1
1
 
1
1
.
1
1
1

.
1
1
 
I
l
l
S
.

u
e
.
'
J
f
l
.
.
.
:
.
.
.
h

-
I
S
'
I
I
'
I
U
.

.
5
5
5
1
'

1
3
0
1
1
1
1
1
1
1
 
!
1

.

.
1
1
.
5
1
.

1
3
0
_

I
I
 
I
I
,

.
1
5
1
.
1

l
i
S
S
 
'
I
I
'

.
1
1
1
.

'
e
i
'
s
s
'
s
s
,
s
.
,
a
s
.
-
a
.
s
.
J
.

h
i
s
s
 
I
S
.

1
1
1
.
1
1
.

I
I
I
'
S
 
'
9
1
,
.
.

I
I

I
I
.

5
5
1
'

'
I
I
'
h
I
I
s
.
s
,
s
'
s
I
,
,
2
.
.
.
.
.
.
.

'
s
i
i
i
s
 
.
U
s

F
i
g
.
 
X
I
I
-
 
8
p
.
o
i
f
i
c
 
g
r
a
v
i
t
y
 
o
b
a
r
t
 
r
o
r
 
p
l
y
v
o
o
d
 
(
b
a
a
e
d

o
n
 
v
e
i
g
h
t
 
a
n
d
 
v
o
l
u
i
i
e
 
w
h
e
n
 
o
v
e
n
 
d
r
y
)

P
*
1
0
.
L
 
(
.
q
.
s
r
.
 
i
.
c
s
s
.
)

3
O

3
6
0
0

3
4
0
0

5
1
0
0

0
.
1
0

0
0

I

0

1
.
0
0 II

-
0
.
1
0

-
.
0
0
0

7
0

U



T
A

B
L

.
I

--
A

A
C

2H
R

I.
bT

I
(.

)?
PL

Y
i0

0D
 D

H
E

IV
E

..

C
U

R
C

E
JP

PI
E

L
PR

E
SS

IN
G

A
D

D
E

D
IG

R
H

IH
T

S
L

L
L

. o
f

L
L

X
T

U
R

E
 (

1)
PR

L
.D

- 
.L

bs
/l0

00
 s

q.
ft

.
.L

N
G

L
E

.L
U

B
 L

L
JE

 D
R

Y
sI

(l
)

(1
)

U
R

L
N

G
T

PE
R

A
T

U
R

E
 (

1)
(1

) 
(2

)

.O
0D

D
ri

ed
 je

er
ilo

od
.

-

.o
w

de
r,

liL
e

H
ot

 a
nd

C
ol

d
da

te
r,

lk
al

is
,

Pa
ra

fo
rm

ai
de

hy
de

,
H

yd
ra

te
d 

L
im

e,
 e

c.

2 
H

ou
rs

 to
se

ve
ra

l D
ay

s
30

 to
0

10
 to

 4
0 

M
in

ut
es

H
ot

fte
ss

;1
80

-
25

0°
f.

 C
l

Pr
ee

s:
R

oo
m

 T
em

p.

H
ot

 P
re

s.
; 3

 to
i3

 .1
n.

 C
ol

d 
Pr

ea
s:

O
ve

rn
ig

ht
.

pr
ec

ip
ita

te
d

fr
om

 M
il'

.
Po

w
de

r
ai

nl
y 

C
ol

d
is

te
r,

 A
la

lie
,

Po
rm

al
de

hy
de

,
Pr

es
er

va
tiv

es
.

U
p 

to
 2

4
ki

ou
rs

.(
Pr

o-
fe

ra
bl

y 
sh

or
t)

30
 to

 6
0

1
to

 2
0 

M
in

ut
es

H
O

Pr
es

s;
 1

60
-

25
0°

F.
 C

ol
d

ir
es

s;
B

oo
T

en
p.

H
ot

 1
rs

: 3
 to

6 
.ij

n.
 C

ol
d 

Pr
ea

:
4 

to
 6

 H
ou

rs
.

H
id

es
 a

nd
ou

es
 o

f
jia

ju
al

s

od
er

,
Pe

ar
l '

la
e,

bn
re

ds

C
ol

d 
an

d
C

ol
d 

w
ita

ar
m

 C
au

ls

at
er

, s
om

e
Pr

eb
er

va
tiv

es
U

p 
to

 2
4

H
ou

rs
.

30
 to

 5
0

1
to

 lb
 M

in
ut

es
R

oo
m

em
pe

ra
tu

re
an

d
ar

m
 C

au
ls

.
2 

to
 lb

 H
ou

rs

V
T

A
3L

E
V

eg
et

ab
le

G
ar

oh
yd

ra
te

a,
.th

as
e:

.ia
in

1y
C

as
es

 v
a

(T
ap

io
ca

)

Fl
ou

r
C

ol
d

ia
te

r 
an

d
A

lk
al

is
 (

X
a0

H
)

an
y 

da
ys

.
30

 to
 5

0
1

to
 4

0 
M

in
ut

es
R

oo
m

 T
em

pe
ra

tu
re

4 
to

 1
6 

H
ou

rs

C
Y

A an
d

7E
G

E
I3

L
E

PR
O

T
L

in
1y

: c
oy

s
se

an
; a

ls
o

Pe
an

ut
 a

nd
C

ot
to

n 
se

ed

fl
ou

r
C

ol
d 

or
 H

ot
da

te
r,

 L
im

e,
si

lic
at

e 
of

 $
ol

a,
C

ar
bo

n
is

ul
ph

ite
.

se
ve

ra
l H

ou
rs

fo
r 

C
ol

d
Pr

es
s.

25
 to

 4
0

1
to

 2
0 

M
in

ut
es

H
ot

 P
re

ss
: 1

80
-

25
00

Y
. C

ol
a

Pr
ec

s:
R

oo
m

 T
em

p.

H
ot

 P
re

ss
: 2

 to
6

in
. C

ol
d 

Pr
es

s:
2 

to
 5

 H
ou

rs
.

U
R

U
re

a-
fo

rl
de

-
hy

de
, (

C
on

de
ns

a-
tio

n 
R

ea
ct

io
fl

)

,a
te

r 
.a

sj
en

-
tio

n 
(6

0-
70

,
o1

id
e)

,P
ow

de
r

at
nl

y 
H

ot
at

er
, W

he
at

, R
ye

or
 .a

1x
iu

t k
ne

ll
Jl

ou
r,

 A
cc

el
er

at
or

s

ev
er

al
 H

ou
rs

to
 C

ne
 L

ay
15

 to
 3

0
U

p 
to

 2
4 

H
ou

rs
.

o
C

ri
tic

al
,

23
0 

- 
20

°.
iio

t P
re

ss
: 3

 to
 1

5
iin

. C
ol

d 
Pr

es
s:

PH
L

C
L

Ph
en

ol
-f

or
m

-
al

de
hy

de
,(

C
on

de
n-

ca
tio

n 
:-

:e
ac

tio
n)

yi
l, 

D
ry

 P
ow

-
de

r,
 A

lc
oh

ol
 o

r
da

te
r 

so
lu

tio
n.

M
ai

nl
y 

H
ot

A
lc

oh
ol

, n
at

er
 a

nd
xt

en
de

rs
.

ev
er

al
 H

ou
rs

fo
r 

L
iq

ui
d.

yu
la

;
I.

 o
r 

2
he

et
s 

(1
2.

5
1b

./l
00

U
 s

q.
 f

t. 
of

he
et

)
L

iq
ui

d;
 1

0 
to

 2
0 

lb
s.

H
ot

re
es

. L
iq

ui
d 

R
es

in
10

 M
m

. t
o 

ae
ve

ra
l w

ee
ks

.
hi

m
:

ev
er

a1
 r

L
on

th
s.

28
0 

--
34

0°
L

-
2 

to
 b

 .a
n.

R
0R

C
I0

L
B

es
or

di
no

l-
Io

ri
na

ld
en

yd
e,

(C
on

de
ns

at
io

n
R

e-
ct

io
n)

Pa
rt

ia
lly

 P
ol

y-
m

er
iz

ed
 R

es
in

in
 A

lc
oh

ol
 o

r
da

te
r.

L
o T
em

pe
ra

tu
re

H
ar

de
ue

r,
(F

or
a-

al
de

nd
e)

, ?
ill

er
,

(.
a1

nu
t s

he
ll

'lo
ur

).

2 
to

H
ou

rs
at

 7
5 

1.
lo

 to
0

1
to

 2
 H

ou
ra

75
 -

. 2
00

'F
.

S 
to

 8
 H

ou
rs

 a
t

75
0

M
el

am
in

e-
fo

rm
-

al
do

hy
de

, (
C

on
-

de
ne

at
io

n 
R

ea
ct

io
n

Po
w

de
r

j

H
ot

.,a
te

r,
 H

ar
de

ne
r

an
d 

iil
le

r
2 

to
 Z

ó 
to

ur
s

at
 7

5°
f

is
 to

 3
0

U
p 

to
 8

ev
er

al
 M

on
th

s.
(io

C
ri

tia
1)

.
-

19
0

)Q
O

y
..e

ve
ra

l
jn

ut
es

T
he

oe
t s

ui
ta

bl
e 

co
nd

tti
oi

s 
fo

r
in

di
vi

du
al

 g
lu

es
 h

as
 b

ee
n 

es
ta

bl
is

ne
d

u,
, t

eu
fa

ot
ur

er
s.

T
he

 tu
ne

 u
nd

er
 p

re
ss

ur
e 

w
ith

al
l h

ot
 p

re
se

in
.g

 g
lu

es
 is

de
pe

ud
ei

t o
su

oh
ac

to
rs

 a
s

is
ta

no
e 

to
 th

e 
gl

ue
 li

ne
 f

ar
th

es
t f

ro
m

 th
e

pl
at

en
, .

i.C
. o

f 
ve

np
er

, s
pe

oi
es

, t
hi

ck
ne

ss
,

an
d 

nu
m

be
r 

of
 g

lu
e 

lin
es

.

R
at

io
 o

f 
w

et
 s

he
ar

 s
tr

en
gt

h 
to

dr
y 

eh
ea

r 
st

re
ng

th
.

D
es

pi
te

 tn
is

 tn
m

un
ity

, t
he

y 
do

 n
ot

af
fo

rd
 p

ro
te

ct
io

n 
to

 th
e

ad
ja

ce
nt

 w
oo

d,
an

d 
fo

r 
th

iL
 r

e.
so

n,
 p

lI
w

oo
d

sh
ou

ld
 b

e)
co

ns
ie

re
d

o 
no

re
 d

ec
ay

 r
es

ita
nt

 n
or

 w
at

er
re

si
st

an
t t

ha
n 

so
lid

 a
oo

d 
of

 th
e 

sa
m

e 
sp

ec
ie

s.



TABLE I. (coNT.)cI CTERISTICS OF SOME PLYWOOD ADHESIVES

//

to

A7C12. i.e. - 'Th .EbITAE
-

-

Iee 2 to
ore 5 or hess

ediun ediurn kledium ioor tc
OO

Lc: to i air to
ood

.efrierator,
rue and rrae1.

Ite or to

-..
enerii

koor Oor Poor .ediu ritre,
Laterier
iane1s.

one- roor £oor ot Usual door .'rniture,
ciano Caae.

Item ..ediu ic-or 2oo ione
(Gheaet)

rni tare
Panels, Ga..eo,
PacLae.

Ite.n .edi
to

iigh

Poor to
,.ediu.xn

.&..ow to oor cor

-

O3r ui1Lg
joards, eon-
crete 'or.s.

2 to 14 euiuni
to

high
iigi in Co1
iater. oor
b. ot doter

.en high-
ly i.ibet o tt. ne

_t

.oderate

-'
.00 tO
.cel1ent

:eEL. ce
Jign ita

flers ow

Conorete !orcls,
3ox Garb-, dousing,

iO Cbi.et.
Resini to

:iln S to 12
fligh :in (7 -

lOuJ () hir RI(.ot sffect)
-

.it
- ids, oe

- -.

xceient xterior Panel,.olae PAL.,
:ousin.

2 .-iigh (75 -
(

high (41(jot afeteU -- -eie .ktere Hot Press Cannot Be Used
But where lae Joints Resistant
To ost Deteriorating Agents
Are esired.

o to i digh ig (75 -
1o,0) (I

(4)
L.ct afectej iiii el1 .ade

esin iue
.eseoieith 2he.




