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PREFACE

Peru possesses & great potential timber resource in
1ta Amason Valley, & valley covering more than half of the
cowntry, and supporting an sbundant growth of valuable
woods. Notwithastanding the inoreasing importance, through-
out the world, of irmumerable plywood produets for use on
the land, on the sea, and in the air, Perm has not yet
begun the manufaocture of plywood.

This thesis, whiech is intended to bde a partial basis
for the future development of a plywood industry in Peru,
18 not an economio treatise, but a review of Amerioan
Plywood Manufasturing Methods, to determine those that
might be applicable to the produstion of piywood in Peru.
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INTRODUCTION

Wood, a produst of nature, is a non-homogeneous mate-
rial. 1Its str#ggﬁh parallel to the diregtion of the grain
may be 10 to 20 times greater than its strength soross the
grain. Wood is also a hygrosocopic material which changes
‘dimensions with & gain or loss of moisture. However, the
diamnliun pnrallul té the grain 1n‘axtnatnd vnr# 1ittle by
ohanges in moisture eﬂntuut* | - -

These facts ﬂﬁgﬁlﬁtld the poaxi%ility‘a! madi!yzns
fh‘ strength properties of wood and of redusing its dimen-
sional éhangnn by alternating she direotion of grain in e
. laminated oonstruction, which is technically known as ply-
wood.

Plywood is the produet resulting from thrae or more
layers of veneer® joined with glue and usually laid with
the grain qt adjoining plies at right sngles. Almosi
always an odd number of plies are used to securs balanced
conatruction. The outside plies are called faces, or fase
and bsak. The genter ply is ealled the core, and inter-
vening plies, laid at right angles to the others, are
salled orossbands. A technical distinetion is ususlly
made between plywood, as such, and lamimated wood. The
term laminated wood is most freguently applied when the

*Yeneer. Thin layer of wood (usually less than 1/6" in
thickness).



plies are too thisk to be classified as veneer and the
grain of all glina is paaalial. |

rlywaaa possesses four mein advantages over matural
waad.‘ rirut, plywaaa th&t 13 preporly aoaignod and manu-~
tsaturaa hua very ulight tandonuy tu nxaaaﬁ ar cmntrnat |
and thaa sn&iatamtaril: retaing 1%3 d&u»naiana. aoamna,
a8 & rtaalt af tha'apprnximntu nqnalisatiaﬁ of strength
properties alang the 1angth and width of the paael, ply-
wood might be desoridbed as bﬁing egually atwang 1n all
direetions. mhire it has grqat roniatanue %o nplttttns
by nails, soresws, or ethur typea ox fxstunxnan. ?hntcnw
ings may be made 1nrr alnaa to tha odgea without Aunagu
Fourth, i% is axuzlahlu in almost unlinitcd sizes.

The story of venser begins in the soulptures of
Thebes, dated as early &s the time ot 1hothma§ IIIX
(0. 1500 B, 0.). Down through the genturies, Babylonia
end Aseyria eontinued to advanse the srt of vemsering.
Influenced by the Rgyptians, they too enriched plain,
sturdy furniture with thinflhaots;af'rurﬁ woods, preeious
metals, and jewels. Eistary'raaéran that veneer was firat
used by the early Romans on an extensive soale for aéar
frames and ymncls. Ii was §an~acmaus uhu sntedated the
usage of ‘plywood panelling a8 seen taésr in homes, shopa,
and office huilaxngn., Yet it has taken modern 1&;&»&123
plus enginesring and techniesl skill te develop a produet



capable of meeting the large ssale but exsoting require-
menta of today. |
In developing the plywood industry of Peru, it fe ine

tended $o utilize native species, A few of the many species
most suitable for venser are listed below.

 The woods suitable for fasce vemeer ars Swietenia
Macrophylls King (Gacta-Mahogany), Gedrels Odorsts L. (Cedre
Goloredo), and Juglans Neotropias Diels (Nogal-Peruvian
walsut), (20} |

gpesies available fw faoe veneer and for this reason it

3 King i the most common of the

will be given major oonsideration in this study.

The light spssies suitable for ocore stosk are m
Boliviana Rowlee (Pale de Balea), Bombax Munguba « {Huina-
Casps), and Guasuna

Orinite Mart. maxuma.‘m

A m.mm heavy wood auitable for cors stoek is

Ajowen Jelskiy Mes. (Moena cel Agua), (20
‘Due %o the lack of available dats on physiesl prop~

erties of most of the woods mentioned, ma#iﬂc data are m‘t
somplete and further study of the native wwts will be Yo~
quired.

The availadle markets for the finished artisle ineluds
ornamentation, furniture and oabinet Muimtm.
store and offige fixtures, paskaging, and possibly at a
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future date in sush speeialiszed fields as airplame, auto-
motive, and marine gonstruotion.



THE MANUFACTURING FROCRSS

ER PRODUCTION

The following desoription of the produetion of veneer
is based on a one-lathe plywood fastory with s veneer
glioing unit (See Appendix). Por puxﬁesus of conveniense,
the desoription is divided on the basis of the product
produced rather than on the basis of the natural flow of

the process.
Plain veneer for backs and cores.

In the proposed plant the plain veneer for baoks
and ocoree will be rotary cut. Rotary veneer is used
prineipslly for non-decorative pwrposes end for baek and

eore stosk.
?rwyaratian of lags for eutt&ng

The first sknp 1n the veneer making progess is to
bring the wood fiber 1nta the best gdéndition for clean,
smooth outting. This is acoomplished by soaking the logs
in hot water. 3taam£ag. which is used for species that
4o not rupture easily under anﬁaén inoreases in tempera-
ture, will probably not be desirable for the speoies wunder
oonsideration, although further study may indicate the
need for steaming of certain speciesn,
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The soaking is performed in vats of eomorete sovered
with loose cover-hoards. The size of the vats for the
proposed plant {See Appendix) will be a@prav* xtal7 18
feet wide, 36 feot long, and § feet deep. ILive steam will
be discharged at several points below the water level

under thermostatie contrel.

The logs will bBe placed in the vats when the water iz
no more than moderately warm. The temperature will be
raised gradually to the maximum, whieh will vary with the
sise, species of log, and the character of the veneer to
bs out. ‘Anonrata eontrol is nesessary: if the logs are
not heated through they will out “xtngh“} if soaked too
long the logs will shred in outting. The thicker the
veneer to be out, the higher the tempersture required %o
reduoce the hasard of !raoturins-{la){ig}l*ﬁhsAu:n&t tom~
peraturss required for the Peruvisn apaaigs t§ be out will
be determined experimentally. S |

On leaving the soaking vate the logs will be ous into
lengths by a log bhand gut~et£ saw, and the bark removed
while hot. The logs will be barked manwally in this plant
with axes and spuds, and the more apparent defests out out.
Then the logs will be brought to the rotary lathe by means
of an elestric hoist. The elapsed time from the vat %o
the lathe should be ss short as possible.



Rotary outting.

Plain or rotary out veneer is produded in massive
lathes (See Fig. III}.{lc) eonsisting primerily of a rigid
frame with sturdy fixed housings at either snd. The hous~
ings are squipped with bearings for the main spindles,

The log, fastened between the dogging and $ail spindles of
the machine, revolves on the spindles toward a Imife rum-~
ning the whole 1aag#h of the log. The kmife, Sogether
with a pressure bar, is mounted om a movable agsenbly.
This mechanism is #hﬁwu in Fig. I1IA, whers A is the knife
bed essting; B, the pressure bar bed sasting: G, thi Imife;
D, the pressure bar; B, the spurs for trimming the edges
of veneers as sut; and ¥, the log. The log revolves
againat the knife #na the pressure bar holds the wood
firmly st the instant of eutting. The Xnife garrieage 1s
moved into the log by asutomatic feed sorews revolving at a
speed that controls the thiskness of the veneer. A gear-
hox tqaa meschanism oontrols the uo#tmﬂnt of the assembly
sarrying the knife and pressure dar,(15)

The piteh of the Imife, as determined by the engle
whioh the bevel of the knife makes with a perpendisular
1line through its eutting o&gu,»shauia be varied for logs
of different diameters. It follows that the pitoh of the
nife should bve aasna%aé as the dismeter of the log

deorenses,
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As the venser comes from the lathe it will be wound
on %o & reel and taken to the elipper.

Qliypins._

The rataxy‘wnt veneer will be trimmed into dimensions
to suit the desired panel eise and defeets in the venser
will be eut out. In outting out defests, 1% is essential
that the out be made as olose to the defect as practicable
80 that the amount of veneer discarded is kept a% & mini-
mram.

Motor aotuated veneer olippers will be used in the
prayoaaa glnﬂt (8ee Appendix]. Raahﬁﬁili ann&iaﬁ of four
essential perts: 1. An iron frame with vertical knives;
3«»5 shear plate; 3. A autfing table; 4; A heavy movable
imife. To meke & out the operator depresses a floor
switoh. This s$arts a back-geared motor whioh transmits
1ts power through large eccentries to both ends of the
Xnife bar. After each stroke a cam-type limit switeh
stops the motor, snd a spring loaded brake holds the Imife
at the top position. ’, .

From the 1oaded reel the venser is propelled through
the clipper at any desired speed, the operator carefully
watshing the veneer as it ngﬁaag bvefore him. As the
sheets of veneer gome from the olipper they fall on a belt
oonveyor table. This table should be lomg enough %o per-
mit asourate sorting.



Sorting.

At this point the sap* and heart? veneer will be
separated, with each olass being sorted by sises. Bash
pile will be stacked on & trusk and conveyed %o th& dryer.
Drying.

The moisture sontent of the venesr should he reduced
to about 5% as soon as possible sinoe there is a strong
tendengy xur,m§1a and tunsaé growth to develop on wet .
veneer.

The dryer specified (Ses Appanﬁix) will be used for
plain as well as for faee veneer. It is an auntomatio
roller type dryer in which the veneer is slightly pressed
between the rollers by the weight of the upper roll. 7%he
dryer is 8 seotions long snd 3 lines high., {(Pig. IV shows
a similar sutomatic roller type dryer 10 seetions long and
4 lines high.) Each of the bottom rollers is driven by &
chain and uprégknt. and above each lies en idler roller.
Iaid aoross the dryer at regular intervals is the stean
piping. Between the pipes and the rollers lie a series of

alr nozszsles whigh éittuxo the air under the veneer as it

*Sapwood: the outer (younger) portion of a woody stem
{or a log), uenally distinguisheble from the sore (Heart-
wood) by its lighter color. ,

*Euartwaeﬁ: the dead immexr core of a woody stem (or a
‘log), generally distinguishadble from the outer pertion
{sepwood) by its darker oolor.
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passes. The veneer moves in one direction. Conditions
within the dryer range from a low temperature and a high
humidity at the feed end to a high temperature and low
hnu@aity‘ax the disoharge end. The temperature used is
above the atmospherie boiling point so that as water is
evaporated from the veneer, it is eonverted into‘iuycﬁn
heated steam whish, mixed with alr, mekes an exsellent
drying medium. This is kept in comstant eireulation by
the fans, and the veneer iz subjeotsd to additional heat
from the e¢oils and the rolls, The Semperature is eon-
trolled at both ends by an sir-operated thermostat and
diasphragm motor valve., The mpeed of the dryer ia regu~
lated through a variable spesd trunsmission and is varied
to adjust for the thickmess of the veneer, kind (sap or
heart), and the desired ultimete moisture sontent.

A8 the veneer leaves the dryer, off-bearers select
it“ﬁ#nard;ng to size, grade and thiskness, |

¥Fa00 voneer.

Pace veneers are those whish form the outer surfaces
of plywood. The beanty of faoe veneer depends very
largely on the revelation of the figure in wood. Obtain-
ing the best figure from a log will demand workmen who
ean visuslise in advance a beantiful and artistic veneer
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fase while looking at & fliteh® im its original irregular
shape. |

Pigure in wood. (See Fig. I}

Figure in wood is the pattern proaused by she (1)
annusl growth rings, (2) wood rays, (2) pigment £isﬁrtr
{ irregular infiltrations ét’ualerins ﬁati&r}, (4) irregu~
larities of growth, and (8) the method of outting., In
many inﬁtunaac figure may result from s combination of
$wo or more of these basis fastors. |

Anmual growth rings. Orowth ocgours im what is Jnown
a8 the oambium, whiech is & thin layer of growth tissue
between the bark and the wood. Hach year, by growth in
the aaﬁkiu&,‘u'trae adds a layer ofywcad on $he ouiside
of that previously formed, ingreasing the diameter of the
trunk. If growth is interrupted auﬁhkraax. by aold
weather or dry sessons, the charsoter of the eells at the
end of e¢ach year's growth and the bdegimming of the nex$
differs surfiaieatly to define sharply the annuwal layers
or growth rings. Thus, the various species of trees
produce s wide variety of eell structure, mise and
arrungsmsﬁt in each smmual growth ring whish, im turn,
produces varisble figures or patterns when out inte veneer.

*), f1liteh ie & portion of a log sawed on two or more sides
and intended for slived or sawed veneer. The term is
also applied to the resulting gheets of veneer lald %o~
gether in the seguense of cutting.
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In parts of the tropios, where tree growth is contin-
uous throughout the year, no well-defined annual growth
layers are formed. ‘

Wood rays. Rays are rows of cslls extending radially
within a tree. When rays are composed of very large cells,
or are many cells wide, the produce what is called a flake
figure. | |

Pigment figure. Uneven distribution of color or pig-
ment is the prinoipal cause of figure in some woods, and
also frequently socentuates the figure resulting from
other causes.

Irregularities of growth. Any distortion of the
normal gourse of the fiber growth will produce figure of
peculiar shares. Irregular grain is s factor of outstand-
ing importance 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
gpace énd, perhaps, from the swaying of the tree. (3See
Fig. 1). |

Burls. These are huge tumors or warts that may appear
anywhers on a tree as a result of some pathological or me-
ehanical disturbance of the growth area. (See Fig. I).

Crotch. A orotch is a section of a tree just below
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the point where it forks. The twisting of the fibers
between the two limbs as they inorease in girth makes
one of the most striking figures to be foumd in wood.

(See Pig. I).

Interlocked grein. Interlocked grain is prodused
when the direction of fidber alignme
intervals, resulting in what is known as ribhor or siripe

nt sliternates at

figurs when gquarter eut. ; ,

Method of sutting., The proper method of eutting is
essential in order %o make the most of the natural figure
in wood. Three methods ave used: (1) Slieing, (8) Saw-
ing, (&) Rotary cutting.

Slieing. Sliced veneors may be either flat mﬁ
or guarter out. ¥Flat out vencers are pmﬁm&d; by outting
tangent to the rings or at right angle to the mya; { See
Fig. ITA). CQuarter cut veneers are obtained by eutting a
fliteh at right angles to the annusl rings or parallel to
the rays. (See Fig. 1IB). ‘ |

Sawing. Sawn veneers are produced by outting
flitohes or logs with a band or eireular segment saw.
Sawing 18 ususlly restricted to woods that cannot be
sliced or rotary out satisfaotorily. Its use 18 avoided
in other species because of the high per ecent of wante
in the saw kerf.



14
Rotary sutting. As previously explained, the
log is mounted on a lathe and turned against a pressure
bar and a knife. (Ses Fig. I11¢}. The revelation of
unusual grain figures may be obtained by "Half-round" and
"Back™ outting, whieh are variations kef rotery ocutting.
The same lathe is used, except that the log is plasced om
8 devise known as a "stw-z.as*. "Half-rownd"” outting is
{llustrated in Fig. IID. | |
Figure in MQM. The beauty of Mahogany veneers
in both figure and eoclor is of cutstanding merit., The
charscteristic interlooking of the fikers of the woed
gives a ribbon or stripe figure to quarter-sliced material.
Orotohes produce & very attractive figure, the atstorted
growth yielding wnusual effescts. Plain sut Mahogany
usually has a figure of soft outline and low gontrast.
The aolor of the heariwood varies fyom very pale %o a
Wryk dark reddish brown, which grows righer and darker
with age.

Preparation of logs for sutting.

The beauty of Mahogany may be | developed best by slie~
ing. In this method the full length logs are stripped of
their bark and opened with a saw to determine the character
of the figure. This permits a deolsion as to whelher the
most deairable ﬂmnr will gome from regtangular pleces
that will give plain out veneers or from radial segments
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of the log. If it is found thet plain out veneers ave
advisable, the log is sawn to the shepe shown in Fig. IlA.
If & radial out im advisable the segments are sawn as
shown in Pig, IIB. These segments are called flitehes.
The flitehes are plaeed in large ﬁm for sonditioning.
The gomments on the preparation of logs for rotary eutting
(8se page B) apply equally to slieer flifches. Mahogany
outs best after soaking 14 hours, and sometimes longer,
at temperatures from 125 to 178%F. (18} wWnen the f1itehes
are sufficiently soft smd pliable, they are reedy for the
eutting operation.

Slieing.

The operation will be dome om a versical slicer
as indicated in the proposed plant layeut (See Appendix).
A vertieal slicer comsists of & sturdy bed io whish the
£11teh 1s fixed by dogs; the knife is carried on & rigid
frame. A standard type is shown in eross seotion in Fig.
V.(10) g 10g bed with the fliteh clamped o 1%, moves
up and down on muﬂ.mg slides. The mﬂw stroke has a
- vertioal motion of akout 5 feet and a lateral angling
motion of about 14} fost. | The ousting sgours m the down
- s%roke, Om the return utmh e cam dsvige roocks the
Knife bask to olear the fliteh. At the top of the stroke
a ratehet snd pawl type feed aivances the knife for the
next aut. i



16
Baoh sheet of veneer out on the slicer 5.& turned over

ag it is piled so that the last surfage out is always on
the top of the pile. In this way the veneer is in perfect
sequence, exaotly as out. This sequence will be main- ‘
tained through all the operations in order to make possidble
the proper matohing of the stook.

Drying.

The drying of face veneer will differ from the drying
of gsore stosk only in one respest--~the extreme carse whieh
18 exersised to keep the sheets of veneer in the same
order as that in whieh they same from the slicer.

Dimensioning.

Prior to Jointing the sheets of wveneer will be out teo
length in packages one ineh thisk, snd any sapwood on the
sdges trimmed. These rough dimensioned faoe veneers are
then ready for jointing and edge gluing. The description
of these two operations applies to both plain and faoce

veneer.
Jointing.

When the sheets of venseer are not of suffieient width
to make the resquired panels, the edges are out straight
and trus preparatory to edge gluing. This outting will be
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done on a veneer jointer of a travelling sutier head type.
The vensers are pressed perfectly flat and solid on a
ataﬁt&m steel table by a heavy steel clamp bar and are
pushed sgainzt ealibrated gauge bars whieh ean dbe adjusted
for the desired width of trim. The roughing and finish-
ing cutter heads are mounted on a sarriage which moves on
rigid steel ways. As the carriage moves past the ata~
tionary package of veneer, the first outter-head makes
the roughing eut while the finimhing sutter~head, revelv-
ing in the opposite directiom, planes the veneer edges, (18]
(Ses Pig. VI).

The glue will be applied to the odges by an automakie
gma spreading devige, whioh is mounted on the outter-head
sarriage of the jointer, behind the cutver-heads. It will
dp»nad the veneer edges with hide glue, leaving them ready
for bonding. This bonding operation aimﬂﬁ be done as
soon as possible 't;: obviate the risk of any ehange in
moisture somtent. |

_ The sheets of venesr are guiekly and firmly bonded
edge to edge under heat and pressure by a Tepeless Veneer
Bdge Gluer. (See Pig. VII). The venser, which has already
‘had glue applied, i® earried through the machine by driven
rolls and the glue on the edges is moistened automatieally
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with a solution of formaldehyde to shorten the setting time
of the glus. As the veneer sheets pass through the machine
they are firmly pressed together umder controlled sleotris
heat which sets the glue almost instently.’1®) If 1t s
determined that eost fastors are saiisfactory, synthetic
resin glues may be substituted for the hide glue at a later
date. ,

Some of the advantages of a Tapeless Bdge Gluing
machine are: (1) It eliminates the cost of taps, (2) It
eliminates the need for tape removal, (3) Since no sanding
is required for tape removal, thinner faoe veneers can be
used withont danger of sanding through.

Storage.

Pollowing edge gluing the veneers are plaged in the
storage room, ready té be assembled into plywood.

The purpose of this storage is twofold: (1) To
faeilitate plywood sssembly by having a reserve of venser
on hand, and (2) To maintain or bring all veneers to the
most suitable eondition for gluing whioch, in this case,
is avout a 5% misma sontent. This ean be scoomplished
by keeping the veneers in a storage or oonditioning room
where a temperature of 70°F. and a relative humidity of
23% are maintained gonstantly.
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erumme*

The :fallwing discussion is oonfined to the synthetie
ndhui*ns used in ylyww&" singe they are recoumended for
use in the mufumms process (See Appendix).

There are many reasons for the use of synthetie ad-
hesives in the menufaoture of plywood. Among Shem, the
following ean be aitca: water ruutmm. mold msutmu,
em.a spresds, and good strength qualities. | |
" %he characteristics of the most common adhesives are
ahm in Tedle I. |

Four steps amala be oonai daraa m the process of glu~

ing:

Mixing

Spreading

Assembly

Pressing (Diseussed in the chapter whieh follows)
Mixing.

%e purpoge of mixing is to put the glue or adhesive
into a eondition for eesy application,

The sustomary solvent is water, partly besause of its
low ¢ost, but also because of its spesial properties and
offeots on the eolloidsl materials from whioh glue is made.

*A generel review of the theory of gluing is ineluded in
*tha Appendix, ‘
Similar principles sould be applied to other adhesives,
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The main diffioulty enoocumtered in mixing is the ten~
denoy of glue to foam. Foam is made up of finely divided
bubbles of air whish besome entrapped in the visoous glue
1iquid. The diffieulty of eliminating foam often leads %o
the negessity of dissarding the glue.

The glue mixer ghosen for the proposed plant will be
provided with double sets of paddles turning In opposite
direotiona. These paddles are equipped with serapers that
slogely hug the bottom and sides of the mizer to prevent
any scoumilation of vamized material.

After mixing, the giue is %xmfaésm& 40 8 storage
tank, Sinee the working 1ife of resin sdhesives is limited
{See mh‘;%.ﬁ I}, 4%t should be eonsidered as a ﬁéwr of
extreme importance in the gtorage of the mixed glue. In
all cases the glud should be mixzad sna us2d in Xeeordancd
with the instruetions mmhag by the glus manufasturer.

Spreading.

In three-ply somstruction, the glue is applied to both
sides of the core but not to the fmos or back. In the pro-
posed plant layout {See Appendix), gliue will be nppl:l.eé %0
- the eore by passing the acore ‘thmﬁgh m glue esrrying |
“rolls, esch »oll bBeing provided with a
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doetor roll to regulate the amount of glue applied. These -
dootor rolls are of metal and shremium plate. The glus
rolls are sovered with corrugated rﬁhhar to permit very
thin spreads. The lower tsuk of th;,éprna&qr'isfnﬂdd &8 &
rnsorvnzx,far,a rotary pump, whieh will supply resin to
the rolls. | |

The amoﬁat of glue apraaﬁ should be from 5@ o &@
pounds of liquid mixture per 1000 square faet of glue line.
Sinos both sides of the oore stoeck are coated, the total
amomnt of glue spread will be from 60 to 80 pounds of
11quid mixture per 1000 square fest of thres-ply plyweod.

Test for smount of glue spread. The following
method will be used to determine the amount ot glue spread:
one square foot of gore stook will be weighed, rum through
the spreader for an a@pl&eatiﬁn of sdnesive {both mides),
and rewsighed. Then the following formula will be applied:

8 = gwww'ileao
463.6

Where:

8§ -

Spread in poumds of liquiﬁ mitﬁura per
1000 sgquare feet.

. W = Welight of sample in grams hcfaru ayraaatag.
W'~ Weight of sample in grams after spreading.
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Assembly.

‘The time whioh elapses between the spreading of the
glue and the application of full pressure is called the
"agssembly time”,

During this stage very important changes take place
in the gine. Perhsps the chief change is a loss of water
from tﬁe 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 glue Jjoint,
since the msking of a strong giue joint depends primarily
upon having the proper correlation of gluing pressure and
glue gonsistency at the moment the pressure is applied.
Two types of weak jaintaAmay be produced as a result of
not having s proper combination of glue aeaaiatanay and
pressure. |

1. The starved joint, which is due to insuffiocient
spread, the applioation of too muoh 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 & very heavy pressure.

Panel assembly. For three-ply plywood the veneer
used for face and back are sonveyed from the storage

room to the glue spreader and placed on the discharge
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side of the machine. A load of oore stock is drought from
the same storage room and placed at the loading side of the
ayrdaﬂor. " A load of eixteen-geuge zing cauls are placed
near the discharge eide of the machine. Ain empty platform
trusk is positioned at the discharge side of the spreader.
| Fwo panels will be laid up between each eawl. The
asaenmbly for three-ply plywood is: eaul, fase yeneer,
glue-aoated core, face veneer: face veneer, glua-vonted
sore, faos venser, kmul. krhi‘s? progess is repeated wntil
a8 many assemblies have quv made as will fill t.‘;w open~
ings of the press. As soon as one bateh is resdy, it is
trucked to the proﬁaa. |



PRESSING

The prineipal variables of this progess, depending on
the material to be bonded and the type of adhesive used,
are the moisture eontent of the veneers, the pressure, and
the temperature-time relatiomship. |

Moisture ocomtent of veneer.

Moisture in the veneer retards the penetration of
‘heat into vun;ot,aﬁatmmiics,‘ Eigher moisture eomtents
require longer bonding oysles and tend to set wp internal
strezsen that might osuse wax@tng and tuiatins iﬁ the
final plywood paaﬂl; Wet spots may also cause blistering.
Fig. X is a ohart which shows the effest of differences
in moisture eontent of vensers an'praaning time and tem-
peratures whers the penetration depth is 3/8 of an inoh.
Similar eurves ean be prepared for any depth of penetra~
tion.

Pressure,

The purpose of pressure is to oreates slose contact
between the plies and to effest the proper degres of pene-~
tration of the glue. Good adhesion ococours enly if the
wood surfaces are hroushi into alose eontact. If pisces
of veneer are ubaaiutcly uniform in thiskness and if the
press platens sre psrfestly flat, very 1ittle pressure is
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negeasgsary to obtain a good Joint; However, variations in
thickness and imperfections in press manufasture are un-
avoidable. For these reasoms, substantial pressures are
necessary to obtain the a-s;r.a-rasuzss. The allowable
deviations in thiokness are much larger than might be sx~
pected since the wood becomes somewhat plastic when it is
heated. Pressures varying from 100 to 175 psi. are oon-
sidered satisfactory for the aspecies to be used in the
proposed plant.

Pomperature and time relationships.

The synthetio resin giues gain strength by a aet
which i8 the result of a polymerisation or condensation
rcn&tioa. This set or polymerization is asoceelerated by
heat and heated press plates are reguired to set the giwe
in a reasonabdle length of time. Heat im essential %o
evaporate the water of scndensation resulting from poly-
mirizatian of the resin gluve, as well as the water with
which the glue was mixed. An additlional advantage of hot
pressing is that pressure is applied for a relatively
brief time, (mormally 5 to 30 minutes as compared with 4
to 6 hours in 00ld pressing), and this permits the use of
higher pressures. ir long continued these high pressures
would result in excessive flattening of the wood ocells
and a eonsequent densification of the nntcfial.
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Most of the resin glues used require a relatively high
temperature to set and should be held at that temperature
for a definite period of time to complete the ouring of the
glue. In the manufacture of plywood the problem is that of
determining how lomg & panel mmst be left in the prtaa'ia‘
order that the glme line farthest from the press plates
will be heated to the proper temperature. The problem was
solved by Fourier with his dbasic aquatian.‘ ) ‘ﬁarnny and
Inrie showed that it 1s possible to eonstruet e ohart
which aovers the general aaaa.“’ The Gurney snd Turie

chart is diseuesed in deteil in %ht &wptnaixa

Type ut‘prtsa.

' The press for the proposed plant (See Appendix) will
sonsist of 12 daylights®, requiring 13 stesm heated
platens, thus producing 24 panels to each sharge’. It will
be equipped with indieating gauges showing hydrenlic pres-
sure in the pistons. !hp prunkura is produnsed by two
pumps: e low pressure pump for slosing the press quiekly,
and an intensifier fer bﬁilaing up the high pruasﬁra re~
quired after the press eloses. The pump pPreEsure is

"Dayligh‘& is the nrtiml, elear opanmg between each pair
#of platens.
Two panels per opening.
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the farmla:‘w)

'»!:gr? ?1ywaa& Ax:a flq. iuti x Sptﬁifiﬁ

The proper maximum time allowsnes in elosing the
press is one minute. If this interval is appresisbly
13 danger of precuring the glus hefors the

longar, thers

m main adrtins‘tha press will be properly
drained of spindensate just ahead (boiler side) of the
pressnxc~rcﬁ»@1ngkvnlvu‘hy a thermostatioc alr trmp“55
!&c pressure~reducing valve on the boller side of the
press is used to regulate the steam pressure entering
the press platens and thus eontrol the platen temperature.
eguletion of steam ciroulation through the
platens is ome of the moset important elements in hot

The proper !
press operation since any ﬁattr standing in the platens
tends to makp 000l spots and may result in irregular bond-
ing. The trap beyond the press, to remove the gondensate,
will %6 of the Busket Steam Trap type, ") and shouwld be
properly by-passed so that the press can be heated rapidly

Reoonditioning after pressing.

The plywood panel dries very little while in the hot

press, but gives off ite molsture chiefly during its
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initial sooling, immediately ‘aﬁir removal from the hot
press., Hence, there is a inndomy for the hot-pressed
panel to be wnusually dry, a oondition that makes the
wood drash and briﬂ}.i and engourages wmmg.{m’
| In order to restore the normal moisture eontent of
the panels and %0 hold them flat during this recondition~
ing process, thay are customarily piled, immediately after
removal from the hot press, on a 80lid base, with all
edges in vertieal alignment. ﬂx&y are then weighted down
with head bloeks and short "I" beams. The panels should
be allowed to remain piled until they have reached room
temperature and the desired moisture oontent. Although
it is fairly common prastiece to spray or dip the panels
in water as they are removed from the press in order to
restore the moisture eontent of the panels, these methods
are more mymsiﬂ and will not be used in the proposed
plant.
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Dimensioning.

When the plywood has been properly resonditionmed, it
will be trimmed ta;th; required size and jqnawtd up on
doudble eut-off saws. | | ‘

. Any sawing in plywood is partly erossoutting and
partly ripyiﬁg‘raun to the nltnrnatius~lsrtpﬁimnl of grain.
This requires a gombination oiroular saw blaaa.jwith group-
inggof fine teeth for the eutting aeross the grain, and
larger testh anﬁ~d¢nparqthraats for the eutting parallel
to the direation of the grain.(10)

 The plywood dimension saws will be arranged in tandem
{See Appendix). The yanﬁia (two at & time), will be out
to length, while being h;ld flat by rollers, on ons set of
parallel saws and to width éa 2 seoond set. Then the panel
will be ready for sanding.

Sanding.

From the dimensioning saws the panels will pass
through a triple drum sander for a smooth even finish.

The sander drvms are positioned above the table, and
are given a latersl and reoiproeating movement in addition
to the rotary action. The first drum gsarries the roughest
paper;: the seocond, a finer one; and the last, a finishing
grads. HEach drum is oovered with felt which asats as a
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oushion between the roller and sbrasive paper. The thick-
ness of the panel is controlled with great acouracy by
sareful adjustment of the sanding drums. (21}

The yanala will be fed squarely to the arumn, one
panel follawing the sthar aa closoly as pounihlc to rodnﬂt
the rigk of raun&ing the lesding edge. The back side of
the pauair1$'uunéoa”fixsﬁfin,or&cr to give & hetter founda~
tion for the mosurats sanding of the facs.

Belt sander,

A belt sander may bs added to the eguivment at a
later date, to be used tu#_tan#hing up low spots whish
have essaped the ﬁxi»lt‘éruﬁ sander,

A belt sander aomsista of a belt of abrasive paper,
an oseillating table, snd a manually operated pad with
which the belt of abrasive paper is pressed against the
plywood panel. The pad is kept moving to and fra'an the
running bhelt at tha same time that the panel is moved
forward and baokwerd by the movement of the tahla.fal)

Storage.

The finighed plywood panels will be stored under oon-
ditions that will maintain the desired moisture content.
They will be stacked in solid piles, the panels in perfeot
alignment, with a 801id eover over the %op of eash pile %o
proteet the panels againat rapid changes in moisture ocon~
fent, warping, dust asowmulation, and disooldration due %o
1ight.
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SOME PROBLEMS ENCOUNTERED IN THE MANUFACEURE OF PLYWOOD

The warping of plywood.

Although dimensional stability is ome of the adven-
tages plywood possesses in comparison with plain 1aukcr,
stability of plywood in use 19 not attained wnless the
principles of balanced construction ars rigidly followed.
Balanced construction is obtained In‘tha following manner:
(1) By using en odd number of plies, {2) By assuring that
the grain direction of complimentary plies (on opposite
sides of the asore) is parallel, (3) That complimentary
plies are of the same species and thickness, or, if of
different spesies, that the woods used have similar me~
chanieal and physieal properties™, (4) That complimentary
plies are the same distance from the sore, and (B8) That
all plies be at approximately the same moisture sontent
at the time of gluing. _ ,

Violation of the above principles usually results in
warping. Warping ocan be classified as either oupping or
twisting. OCupping may hbe defined as that type of warping
in whiech the four cormers of the panel san be made to rest
on a flat surface but the eenter portion is raised from
the flat surface.l) A penel is twisted, 12, when 1aid on

*It 1s possible to use apecies of different densities
yrevi¢1n§,yha thickness is adjusted to gonform with
donaity.' )
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a flat surface, ome cormer 1s out of the plane of the
athgr three. These two types of warping in plywoed result
from momewhat different causes although both may ocour to-
gether, As a genaral rula; twisting 18 & magter of grain
direotion. Tests have shown that with %him panels, devia~
$ionme as small as & degrees between the grain of say twe
corresponding plies may introduce oonsidersble twiating;‘a’
On the other hand, oupping can be oonsidered as reswliiing
when the forces that restrain the core are of wnequal meg-
nitnude on the twe eté&t.‘lj

The following outline summarizes the different fac-
_tors that may contribute to warping: (1!
Twisting: |

1. Grain direotion.

g: §§2h§§y§¥¢§nstaningﬁ
Cupping:

A, Defegts in oonstruction:
1. Thicker orossbands on one side than onm the
g. g;ﬁ;ilgruxnaﬁi erossbands on one gide and
straight grained on the other,

8. Doty orossband on one side snd sound om the
other. '

*Pwisting has been obaserved when plywood panels were fas-
tened rigidly to supporting members whose shrinkage shar-

gooteristios differed from those of the plywood panel.
The term oross-grain has been used with two different
mesnings. In this sentence the term implies that the grain
dips adruptly through the sheet of veneer from one surface
%o the other while in outlining the ocauses of twisting the
term implies that the grain was parallel to the surface of
the sheet, but not parallel to the sdges.
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4. Compression wood in one erosshand sand normal
wood in the other.
5. Specties of widely different shrinkage eharag-
~ teristies. | »
6, Widely verying moisture content at the time
of gluing. ;
B. Improper handling: , | -
1. ﬁ:ying more rapidly from ome side than the
other. i
2. Highly resistant finish on one side with a
finish of lower resistance on the other.
5. Method of fastening®
General: « |
1. Moisture gontent at the time of gluing.
2. Density of speeies.
3. Ratipo of eore thickness to total pansel
thiokness.
0f the general csuses of warping, changes in moisture
gontent are the most important. A ochange in the molsture
sontent of plywood will introduse or relieve internsl
stresses. The magnitude of the stresses will depend on
whether or not the ¢onstruation of the panel is dalansed
and on the difference between the moisture eontent at
that particular ¢ime and at the time the glue was set.
The greater the moisture changes, the greater will be the
stresses developed, and the greater will be the tendensy
to warp. Therefore, it is important that the moisture

content of the veneer at the time of gluing be &8 nearly

*Pwisting has been observed when plywood panels were fas-
tened rigidly to supporting members whose shrinkage ghar-
acteristios differed from those of the plywood panel.



as possible equal to the average mﬁimiura econtent the
stook 1s expested to reach in servise.

Tests gérw;eé out by the Forest Products Laboratory,
Madison, Wiscomsin, have shown that the warping of plywood
panels, uhnn su&:eatoé to vaxying mainturo eundi#ianu. is
least for panels maaa or 1¢w donsity spaaica, and gwaar~
ally inereases with inere&stng dansity4a£ tha lﬁﬁti&& used.
A high percentage of sore to téta& plywood thiekness helps
te~uaintiin & tlat. unwarpud surface. ?he aors should
eomprise 1/8 to ?/1& cf ehe total thzakntau of the panel.

Plywood and vwnntw wagte.,

The waste in thé‘aaanxautura of veneer and plywood
azanoaa, gometimea, that of the 1#»3@# mill. From tests
sondueted an‘!allen'xirﬂh;’ﬁha waste from Qﬁnvtr#$m3 the
log into veneer amounted to 54.24, exulusive of bark.
Plywood manufasturers report a waste of about BO% in con~
vnrtins'hariwaea vun#ura %o plyu#oa*

The seriousness of waste is oclearly manifested, and
esonomigal operation reguires careful consideratien of
this factor.

The general yﬂxnta to uanniﬁur in a atudy of venesy
and plywaoﬁ wanta are inaiaa%aa hemawz(a)

1. Waste in vunetr‘unauxustuxuz

; Removal of defects. Losses from defests cannot de
oompletely eliminated but they can be materielly reduced
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by instruoting workmen in the importance of avolding
unnegessary waste.

Exoess length in veneer bolts. Venser bolis sare
always out longer than the required venser shest. This
leaves a small allowanoe to take care of stain, end checks,
and lack of squareness at the ends of the bolts. Oare
- ghould be exeroised in flu woods o reduse losses from
this cause. _ | v

‘Rounding waste. This is the miﬁo produged by the
preliminary cuts of the lathe in "rounding up" the log.
It is not wntil the log is symmetrical that veneer is
produged in a gontinwous sheet, free from voids. Oare-
ful ohuoking of the log in the lathe will reduce these
losses. o

Clipping waste. In addition to normal olipping
losses ineurred i,n trimming to sise and removing defeots,
there are irregulsr pleces ym&uaﬂ during the rownding
apom#im whieh oan ’ao salvaged by proper elipping.

Oore. The average rotary lathe leaves a sore 8"
in diameter, By comparison, the slieing prosess leaves
only & 1" board on the meehine. However, the slising
process results in a signifieant loss at the out wp mill
in the form of sawdust, alaha‘. ‘ctm‘ |

. Miseellsneous. Losses ﬁm\aw during bhandling
and drying, BExtreme ocare is required o avoid severe
losses in the handling of dry fase veneers.



2, Waste in plywood manufaoture. The losses that
ghould be oonaidersd are due to:
Breakage of dry veneers
Jointing

Trimming
Sanding, an

a
Rough handling
The ntiligation of waste,

Waste is inevitsble in a venser plant. The oustemary
use of this waste is for fuel, and if no less expensive
fuel is available, this is sn seonomigal practice. Where
inexpensive fuel is avau&ma , thers sre several possibil~
ities for the vtilization of veneer waste. The following
18 = suggested methed whish would not only make ecomomical
use of the waste material but whish would also inerease
the value of the primary preduect of the plant.

The steps in this proeess ave:

1. The produstion of wood fiber.
2. The refining of the resulting Likher,
3. Forming the fibers into preforms. ;
4. Molding the preformed fider under heat
- and pressure (Hardboard).
- B. Impregnetion of the hardboard with reain
~ of low moleouwlar weight.
6. Set of the resin under heat and pressure.

It is logieal %0 mssume that the Bulk of this Liber
gould be used at the proposed plant to expand the diversity
of plywood produsts by ma;iu‘fwtnrmg fiver~fased panels
using low guality rotary-sut veneer for sore stosk.
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APPERDIX
Theory of gluing.

It is generally econceded that both mechaniecal adhesion
and spesific adhesion play & part in the bonding of wood,
slthough there is a lask of agreement as to the relative
importance of eaoh.

Meohanieal adhesion. When iwo wood surfeces are
hrought together under pressure, with a film of wet glue
between them, the glue will flow into the minute openings
in the two swrfeces. The bond which is obtained is attri-
buted to thn‘intaﬁ1QQRAng of the gluwe and wood, whigh re-
sultas from the solidifieation of the wupbrous projectiona
of glue within the openings of the wood.

8peeific adhesion. Smooth materials, i.e., glass,
sheet of plastics or polished metals gsn be made to adhers
with certain types of glues. It is oonseivable that the
surfaoe of a piece of dense hardwood ean be made approx-
imately a8 smooth as glass with & minimum of cavities for
the acoommedations of the prongs of the adhesive. It is a
well known fact th
fastorily glued together. This indioates that there is
another form of aéhmaién whieh is termed speoific adhesion,

Two glosely related faotors play a part in spesifie
adhesion. 1. The polarity of the wood and the glus.
£, The hydrogen~bdonding abilily between the resine snd the

st such smooth surfaces ean be satis-
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sellulose or the sdworbded layer of water molecules already
present on the cellulose,'t?’

Polarity. Polar moleculss somtain powerful fields of
foree and, therefore, tend %o orient themselves in &n slea-
trio r101a.'®
rermanently localized elsotric fields at diffarent points

In some highly polar sompounds there are

upon the surfase. Thus, the moleoule sots as a oharged
body having a positive charge at one point snd a negative
at another, opposite in sign but equal in ahargu¢‘63 The
moleoule is eleotrieally similaer to a short bar magnutkaad
is ealled a dipole. Like a magnet, i% will develop a
moment, whigh oan be measured by the molesuls's tendensy
to turn in an eleotrie field. A polar molecule, then, is
one that has a permanent dipole moment, (&) Iiquids and
@olids are grouped into polar and non~polar eategories.
Strong joints cannot be made with polar adherents %0 nom~
polar adhesives nor with non-polar adherents to polar
adhesives, (10}

Hydregen-bonding ability. The coneept of hydrogen
bond formation, in the simplest terms, is that hydrogen
ean aot as a link between twe strongly electronegative
atoms, such as O and N. UCenerslly strong hydrogen bonds
are 0-HO, N-H0, 0-HN.{19)+ Most of the symthetio resins
glues used, and the proteins and starch glues as well,
are amply supplied with groups which esan form hydrogen

bonds to gellulose or water.
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 Golloidal properties of glues. It is impossible to
diseuss the theory of gluing withauﬁ,ﬁan#iautng the ool~
loids, since glues are typloal oolloids, and exhibit eol-
loidal reactions at emch stage of their use. The word
eolloid, as used by the chemist, demotes & state of matter
ﬁhi«hkia aiatingviahua‘ahiailr‘us the size of the ultimate
partiscle of the dispersed material.

One of the properties which is »&&n&iarvtﬁ'ﬁht 001~
loidal state is its propensity to nhzagn in viscosity.
Golloidal liquids mm&ruhangt in Béﬁh\!i¥§¢ that is, &

_ th&#k liguid may get thinner or a thin liqﬁiﬁ may get
thioker mntil 1t reashes a solid state (gel). The point
%o be noted in solloidal liquids is that they may ehange
when there is no easily observed reason for their change,
It is found experimentally that, as particle sise de-
oresses, the stability of the system tends $o inorsase
very greatly.'®) | | |

Both, the sol and gel atates are requisites of a
glne. OColloidal 1iqnidn are oapable of high viaaaiitica.
and have the prﬁp&r consistensy to be Bpresd by mechan~
ieal means. They also remain in the position spread, do
not dry up too guieckly and resdily pass over to the gel
state. The gel state of a déllai& way be very high in
11quid and yet have very considerable stremgth. It is
such properties as thniu which enable a glue gel $0 have
aanaiaorablekutruugﬁh long before it has ohanged into
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a dry solid. |

As stated by ﬁh&rlas‘ﬁ.‘narria in his book, "Peohnique
of Plywoed,"'®) "wooa 1tse1r 1 & eollotd, both the cella-
lose and the lignin as well as possible cther components
of the wood are eolloids. Eﬂr&iéularly when the wood i3
wet by the glue does it begin to exhibit i1ts colloidal
properties.” Sinee wood is golloids) in nature, it has the
property of permitting the passage of certain substances
and of preventing the passage of others. This is deter-
mined by the size of the moleoules. Colloidal partieles
are in gemeral of suah a size that they will not pass
through the eell walls of wood. On the other hand, small
moleoulss such as those of water, caustiec soda, chemioal
salts and the like, are small enough to pass through the
¢olloidal film of the oell walls of wood. If it were not
for the faet that glue contains a large amount of golloidms,
there would be nothing left to form the gius joint, since
any substances of lower molegular sise than colloids would
almost completely n&srate'iuto the '0¢¢,‘93

Gurney and Lurie chart. {See Fig. KX)‘4)

As previously desorided, an important ﬁroﬁlan in the
manufesture of plywood by the hot press method is that of
determining how long & panel must remain in the press in
order that the glue line furthest from she press plates
will be heated to the proper temperature and held there
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fér the required time. The problem may be solved by the
use of the Gurmey and Lurie chart. |

The ourve was obtained by converting some of the more
common formnlas for heat tranemission into expressions
containing pure ratios or non-dimensional variables only,
theredby enormously reducing the necesssry basic caloula-
tions.

The absoimsas 0 to 3 are in units obtained by multi~
plying time, ©, by thermal diffusivity*, h®, of the mate-
rigl, snd then dividing this produet by the square of one
half the thickness of the panei. r®. The expression gen-
erally employed in denoting this relation is: 7= en?/re,

The ordinates 1 to 0.002 refer to the ratios of unao~
complished temperature change to the total, limiting, or
maximum possible temperature change that the thermal envir-
onment ocan impress upon any part of the body; i.e. the tom~
perature-difference ratio at the start is conceived to be
unity and to approach or eventually become sero. At any
time, ©, in question, the temperature is conceived to differ

from the final temperaturs by a temperature ratio, o, whigh

*Diffusivity is a measure of the change in temperature
that wounld be produced in a unit volume of the substance
by the amount of heat that flows in unit time through
mit area of a layer of unit thiockness and having unit
difference of temperature between faces.



approaches zerc as a limit. The expression employed in.
denoting this temperature-differsnce ratio is: ¥v“'-§§§§w'
where, ty, is the temperature of the pansl before pressing,
t. 18 the temperature within the panel at distanse, r, from
the centsr and at a time 8, after the panel is 1nssrtaﬁ,1n
the press, and, § 18 the temperaturs of ths press.

The ordinates are funotions of two variables other
than time. The first of thess, p, i# the ratio of the dige
tanao f%am the genter ﬁa'ﬁh& point in gquestion, », to the
distanoe from the surfase %o the center. This ratio, p,
is, therefore, szero at the senter and unity at the surface,
with intermedliate values. The expression of this positiom
ratio is: p = »r/R.

The other funetion, m, is the ratlio of the thermal
sonduetivity, X, of the material to the prodmet of the
thermel surface sonduotivity, ¥, aad’the genmi-thiockness,

R, of the panel. This is expressed symboliceliy by: m =
] In the oase of plywood panels ﬁhsra the surface of

the wood {5 immedismtely raised to the temperature of the
plates, the therma)l surface sonductivity aould be gonsider~
ed infinite, then m ® O. If the surfaoe is perfestly in-
sulated (R »» 0), then m = oo () -

The chart is expressed in Arithlog ordinates, that is,
the absoissas progress aceording to egual arithmetioc inore-
ments, while the oxdinates progress im a logarithmio order.



456

Uéa of the ohart. As mentioned before, two psnels
per opening of the press will be used in the proposed
plant. PFor the purpose of illustration, a 3/8" panel is
used, thus having a total thickness per npeningﬁgx two
times 3/8", whioh is equal to 3/4". The carafgf each panel
will be considered as 1/4" thiock and both mahogany faces as
1/16" thick.

This is a oase where the panels oontain two species of
wood, The caloulations would become too compliocated if an
attempt were made to take into account differences in 4if-
fusivity of the different species. Sufficiently close re-
sults can be obtained by using the diffusivity of the wood
comprising the greater pn#tion of the panel, or, the wood
af‘higher density whigh heats more slowly. (The diffusiv-
ity decreases ag the specifio gravity increases.) Due to
the lack of date for the wood csomprising the greater por-
tion of the pansl, the caleulations will be made by using
the dats available for mahogany.

The date available for mahogany are:

Thermal oconductivity (XK) = 0.09 BTU/(hr}(sq.ft)
{ OFPper rt)

Density (D) = 34 lbs. per ou.ft. (at 60°F)
Speeifie heat (Sp) = 0.50 BTU/(1b}(OF)
Thermal diffusivity (h) =

(X/DSp’ ~--h® = 0.0053 sq.ft./hr.
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Assuming a temperature of 80°F. for the vensers before
they are placed in the press, a press plate temperature of
300°F., and a phenol formaldehyde resin which sets in 3
minutes at 29903‘;‘14’ the problem sonsists of determining
the time the panel should be left in the press in order
that the inmermost glue line (5/16" from the surface) may
reach the proper temperature.

The temperature-difference ratio will be:
' = 0,046

The position-ratic: p = r/R = 1/16 2/8 = 0.167

The thermal-resistance ratio: m =0

With this data, starting at the upper left hand margin
of the ohart at a temperature difference ratio of 0.045 and
moving horizontally to the right to the curve representing
the position ratio of 0,167, and then downward where it 18
found that the value of &1menaianlsés time expression is

around 1,37. Then:

7”: hP(sg.ft./hr)®  or 1.37
R e

If the glue requires % minutes to set at this temper-

e x 0,09
- 15.2 minutes

]

ature, the panel should be left in the press about 18
minutes. _

Results obtained by this chart agree very closely
with values obtained by the use of Eaaxaan(?) ourves.
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Testing for Adhesive Strength, Moisture Content, and
Moisture Absorption.

Testing for adhesive strength.

Plywood shear test. This test is made on dry plywood,
and on plywood soaked in water at room temperature for var-
ious intervals of time, |

The test pleces, 33" lomg by 1" wide by 3/16" thiek,
(selested to give & wuprsknatativa.aaapia), are eross
slotted, leaving a oenter seotion, %o regist the pull of
the testing machine., (See Pig., VIII). The ends of the
specimen sre grirgad in jaws of the type shown in ¥ig.
YIIIA, end given s shesr test in any standard machine have
ing & rate of load applicstion of 600 to 1000 pounds per
minute, The samples are tested wntil separation oueurs,
and the maximum load is reeorded. The dry test is usually
conduoted with the plywood samples at a moisture sontent
of between 8-12%,

Plywood consisting of more than thxﬂarnliaa should de
stripped of all exoept eny three selected plies, and then
prepared as shown in Pig. VIII. In plywood with face
plies thieker than 0.047 inches, the shear sres should he
one square inch, as shown in FPig. VIII, specimen A. Spesi~
meng of plywood with face plies 0.047 inches or less in
thickness should be of the form shown in Pig. VIII, speoi~
men B, in which the ahaax’araa should be reduced without
shanging the width of the specimen to 1/2 ineh.(16)
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The wet test for aireraft plywood requires complete
immersion of the gample inm boiling water for 3 hours.
They should then be removed from the boiling water, placed
in oold water, until at approximately room temperaturs and,
while still water soaked, tested to failure by the method

above mentioned.

Moisture aanﬁank‘ﬁqstu ~

Proper moisture content is an important consideration
in all plywood operations, so that the plywood panel will
remain Tiat when it is in equilibrium with the aimospherio
econditions encountersd in use, '

To determine the moisture content, small samples are
out from different points in order to be truly representa-
tive. The samples should be fres of slivers or locse |
partioles that might drop off in handling. Hach sample
should be weighed in its originsl oondition, them placed
in the oven uvntil a minimum weight is reached, whisgh is,
for practical purposes, bome dry; the sample 1s weighed
again promptly on removal from the oven and tha‘nﬁw weight
is recorded as the Bnaawﬂry woight. The peresntage of
moigture content will then be givun by the Tollowing
formula:f 10!

Per cent molsture content =
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ﬁaintaxu a%sarptian.

MHoisture ahaor§tian a&@asity i3 an important fastor in
plywood used in boats or in evaluating high density plywood

for such uses as airplane yropsllars, where slight inoreases

in weight might destroy & carefully estahlishﬁ& balance. (10)

This test 1z the reverse of the above, and is usually com=

puted on the original weight, as the Bone Dry welight is

often diffieunlt to determine. The formula then beouu&astle}
Per gent of moisture absorption =

Weight after scsking -~ origine
“Original weight

Estimation of the Specifie Gravity of Plywood.

This is a very impertant faoctor in plywood used in
boats and airplane #unstrnetian.

In order to produce a plywood of & given speoiflie
gravity, eertain factors must be cenaiéaré&a They are:
presaing oonditions, number of plies in a given thickness
of plywood, the weight of the bonding medium appllied per
mit area, eto. These factors result in the final produst
having a greater specifio gravity than the veneer used.
Therefore, two steps are required to obtain the aspeosifie
gravity of a plywood panel.

1. To obtaln the average upenific gravity of the
vnaaor'yliea waighﬁw.aaaarﬁ&ng to thiokness. This ig done
by multiplying the thickness by the spesifio gravity for
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eash venser, and dividing the sum of the produsts by the
sum of the thicknesses.

A method for determining the spegific gravity of ve«
neers has been developed by the Yorest Products Laboratory,
Madigon, Wisconsin. 4 sample of veneer is out with an
ordinary paper trimmer to 100 squars centimeters (10 by 10
gentimeters) or BO square ecentimeters (7.07 by 7.07 centi-
meters) depending upon its thickness. The thickness of the
veneor ip meassured by a mierometer to 0,001 of an inch.

The veneer is then attached %o a sensitive spring of the
~ type used in a Jolly balance and a chart is read directly
in speeifia gravity for the given thickness of veneer
employed. (See Pig. in‘tlxz

2. To obtain the inorease in spaéitia gravity. It
may be computed from the following formula developed by
the Forest Produsts laboratory, Madison, Wisconsing

Where:

Gav, ~ Average specific swnvity*ar‘yliuw woighted
a8 to thiocknesa (from step 1). |

Ty - Sum of thicknesses of oven dry veneer plies.

Tp - Thickness of oven dry plywood.

b - Numbey of plies.

0,002~ Constant for phenolioc resin glue {0,085 grams

~ per sq. in.). |

0.01 ~ Conatant to correct for difference in

ghrinkage of plywood and venesr.
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The value obtained from the formula is added to the
value obtained from step 1, to give the spesific gravity
of the plywood. ‘

A simpler method, whioh eliminates most of the mathe~
matioal esleonlations, has also been developed by the
Forest Produsis Laboratory, Madison, w1agausiaﬁ(15) It
oongiets of a chart to determine the aspeeific gravity of
large sized thin panels, partienlsrly when panels of uni-~
form surface area are involved. (See Pig. XII).

The data necessary for the chart are the weight of
the plywood panel in pounds and ownces, its average thiock-
ness in inches %o the thousandth of an inoh, and the sur~
faoe ares in square inches. With these data, the chart is
used as follows:

1. On the vertiosl seale to the left of the chart,
locate the line representing the weight and follow 1%
horisontally to its interseetion with a vertieal line
representing the thickness. |

2, Follow this position along the obligue lines teo
ite intersection with the vertical line representing the
area of the plywood.

3. From this point follow horisontally to the right
hand margin and read the speeifie gravity.

There are two aspecifis gravity seales. The first
soale i8 %0 be used when the plywood has desn weighed and
measured in the oven dry conditions. It has deen found



that panels that have been pressed inm a hot press at approxe
imately 3009F. are practieslly oven dry about 50 sesonds
after removal from the prese if a normal pressing sehedule
has been used and if the plywood is 0.200 ineh in thiekness
or less. (13) The seaond seale is to be used when the ply-

wood has been weighed and measured at 10% moisture oontent.



A PROPOSED PLANT FOR PERU
Plant equinment.

The propaacé“planﬁ for Peru is designed keypraﬁuﬁg
1,000 enbia feet of finished plywood panels per day, which
wauia be cquivai&ﬁ% to az,@&w gurface square feet of three-
ply panels, 3/8" thiek. This is based on the venser dryer
apéxating 24 hours & day, and the remainder of the muaehin-
ery operating 8 hours a day, |

Phe equipment will be suitable for handling logs
having an average diameter of 30 1n¢ﬁ¢a; s maximnn diameter
of 48 inghes for rotary gutiing; & maximum length of 108
inehes for rotary outting; and & maximum lemgth of 12 feet
for slieing.

Qﬁa»aﬁat of this equipment pasked for export, L.0.b.
faotory with freight allowsd to New York, is $135,750.00,
This estimate, made by the United States Machinery do.,
Ine., 90 Broad Street, New York, is based upon & one-lathe
yixwuua,iaaﬁﬁ&y with a venesr slleing unif, inoin&ing the
elsatrie motors for equipping the fastory. It is wnder-
stood that eleetrio power will be delivered to the fastory
and that its charsoteristies will be 220 volts, 60 eyele,
3 phase ourrent. A boiler of sufficient sise %o furnish
ateam for the roller veneer drysr end the press is in~
oluded, |



To this uzim#a should be added the gout of soaking
vats, log yard nqui*@m’ﬁ snd conveyors for tmap@ﬁms the
waste. A rough estimate suggested by the Usited States
Machinery Co., Ins., is $6,000 for the soaking vats and log
yard 9@2&1}3&0&, and £8,800 for izhef mﬁwywm 'samug m
waste from ’t‘hé iaﬁ&é $o the hog, aa& fz‘m the hog to the
boiler house. | | | |
| &“h@sa estimstes do not include: (1) The nul Tor
sutting the log into flitohes for the slicer since this
will be oonduoted as a separate operation; (2} The Blower
aysten for the slimination of sawdust from the maghines.

Machinery.

One Log Band Out-off Saw, eomplete with drive motor
for eutting logs to proper lengths for the lathe and slicer.

A oomplete smet of fittings for s 4-ton capacity stiff
legged derriek. |

One 3«ton capasity Rleetric Holat, complate with eleo~
trie trolley and monorail.

One Motorized Lathe for rotary outting. Maohine %o be
furmished gomplete with four-apeesd 50 h.p. main drive
motor, V-belt drive, and also negessary oonirols.

Three Motor Actuated Veneer Olippers heving a knife
length of 100". These alippers will be used for olipping
the rotary out veneer soming from the lathe.

One Automatie Roller Veneer Dryer. Machine to be 8
geotions long, 3 lines high, and equipped with 14'4" »olls
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spaced on 53" eenters. %m supplied with steanm at a
;areawm of 178 1bs, per square ingh, this machine wi:kl
dry 64,000 square feet of 1/8" thiek rotary out veneer,
plus 32,000 square feet of 1/16" Mahogany down to 5% molis-
ture sontent every 24 kﬁawm |

One Travelling Heed Veneer Jointer wiih ;ammtu
g:mu spreading atiaochment,

One xawrizqﬁ Tapeleas Veneeyr Splmmg Haohine.

One 12' Veneer Slieing Machine. The maschine ig suit-
able for handling flitohes wp to 12'6" long by 28" sguare.
Mashine to be furnished somplete with main drive motor,
knife oarriage motor together with maaaawﬁrima and
aontrols.

One Motorized Venmeer Clipper having a knife length
of X&&“g This machine will be used for dimensioning faoe
veneer prior to jeinting.

One liotorised Veneer Xnife Grinder. Machine to be
suitable for handling knives as used with the maohines
listed above.

Two Motorized Cold Glue Mixers. Maohine to be suit-
able for preparing all types of symthetic resin glues,
easein and similar adhesives whigh 4o not require the use
of heat during their preparation.

One Resilient Holl Glue Spreader. A motorized mashine
eomplete with varisble speed drive and a siroulating pump
system somplete with pump, relief valve, bypsss distriduting
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pipes and‘sayar&tn,meth and switeh f@r'ﬁhekaama.

One Steel Frams Plywood Fress. ﬁaahinn(%c e aqgisgﬁi
with ﬁlstena measuring 100" long by 50" wide and having 12
openings. 3§#iym&g£ to be fhxnishga with prees inﬁlﬂéaﬁ
$wo pump, twoe aétar ay&ranligfpan@ing system, and all neges~
sary temperature and pressure indicating inatruments.

One Panel Sizing Unit. A unit to eonsist of two
machines heving the same general specifications exsept that
the first machine will be used %o size panela %o any width
up to 48", and the sedond ome for sising the panels to any
length uwp to 26", |

One Three Drum Sender having a bed width of 55",

Bagh sanding drum is driven by a separate bullt-in motor,
and the feed bed is also driven by a separate motor through
a variable speed eontrol.

One Veneer Waste Hog, ovomplete with main motor direot
sonnected by a flexible soupling. This hog is sultable for
grinding veneer waste and small sores into ochips of suit-
able size for use as boilsr fuel.

One ERT (Horizontal Return Tubular) boiler built for
an operating pressure of 200 1lbs. per ag. in. snd sapable
of produsing approximstely 5,000 1lbs. of steam per hour.

Machine layout. (See Pig. XIII).
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On this spread are presented actual photographs of
veneers representing nearly all of the major types
of figure which a furniture dealer or salesman is
likely to meet. The photographs are arranged for
quick and casy reference. Figure types and grain
character in veneers are determined in five differ-
ent ways. (1) By varying the direction in which the
knife or saw passes through the wood. The quar-
tered and flat cut types are determined in this way.

(2) By sclecting diffierent- portions of the tree.
Crotch and stumpwood types are examples of this
selection. (3) By selecting those species in which
the difference in color and densify between spring
wood and summer-wood is distinct. (4) By cutting
the wood in order to expose the rays, the end or
curly grain. (5) By cutting the deformed or abnor-
mal portions of a tree. Burls are an example of this
method, and are generally produced on a lathe.
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Courtesy, Merritt Eng. & Sales Co.
Fig. I1T=

Perspective view of standard lathe, with left end removed to show
cutting mechanism.
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Twin Ball-beating

Fan Motor with
Circulating Fan
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tightener Base
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tive Control of Branch ing Interior Con-
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(See page 14)
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Fige IV=Roller Veneer Dryer
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Insulation with

Cross-section
Sheet Metal Cover Pressure Heaters

Through Center
of Dryer

Manholes

Steam Pipes
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(See-pa Lapped Joint

ge 13)

Extended Surface High-
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Roll Cooling
Section
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Hinged Supply
Manifold
(See page 14)

Drive Motor Variable-speed
Transmission
(See page 14)

Base Plate and
Expansion Rollers

Drainators =
Continuous Flow
Steam Traps

Tachometer Reading
Direct in Minutes of

Drying Time
(See page 13)

Chain Drive
Mechanism
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Courtesy, Johnson City Foundry & Machine Co.
Fige V= Cross-section diagram of a standard veneer slicer.



Fige VI-Traveling Head Veneer Jointer,Cutter Head Side



Fige VII-Tapeless Veneer Splicer
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Fige XI=- Determining specific gravity of veneer.
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8Specific gravity chart ror plywood (based
on weight and volume when oven dry)



FEN Wy

\
!».‘ SN

; ,wf-’uooao tlan oﬂa wo dool du.non nnn.p onmom«nok uopu- uon.aﬂaum«uou hﬂoou aIow ou vouogmnoo 8q Esonw poomiyd ‘uosmelx sSTUl JOF pus * poon pnaoanva ona 01 aoﬁ.ooaoun .ououua q0u ou £ouyy *Lytunuuy STUL .a«a-on .!

: O T e
:  Biihady : 3 ; . T ; { *yy3uaxys uuonn huu 07 Ua2uUsIls IBOUS J9M “z0 oTymy .n_
u.:n B FRAE ‘4...1‘1. R - T T AT " & (R T i e e e e S SRR TS = #s ~ — - E L
s : R & gd oﬂaw wo .uonsun cnu nuonno.nna .no«oo% ‘zedusa /70 *O°N .qovdﬂm ‘9Y3 WOIF 3SOU3IVF SUTT ouam U3 03 oo:duog ss mnouoa« iyoms mo a:ocaoao«. st mwsam waanwokm q0u TI® n:- exnssexd zepunm awiy 9ul (2)
& 5 : 4 . *§J0IN3 ORI NIUBY ona \.n cmnw.ﬁpmuuo Qoop min woaaw Aﬂueab.«uﬂ.« .nou aoau«unoo o.npnva#n uno! Exoad :.
4 S 3 . - RSOSSN B P e St I S #
: §F R : * (19073120 o) | : , : - gg8lL 38 = A | woraosez moraeemer || i 8
: : . i *SUIUON TBI040E 03 dn : 0g 03 g1 sInoF o¢ 03 2 ; JOTTId PUB : -uop) ‘epfuepis . o8
, uoag .n-uorom . *do008 = 06T || : ‘ 3 £5 . IoUSDIBE ‘JIegBM 40H zepmod | = ~wroy-euTWBTOW Y IYTIN P
= 4 . : * : : ; > ; * (I00Td 3 . x99 88 (uoT30%ey : :
ESRLadn o : : ; R *3.8L 1® £ TTOYS jnuUTEN) 20 TOYOITY UY w0y} 3SULPUOY)
e : *docL | e < . SImogz o3 T s 0¢ 03 ¢T sanog § 03 2 || ‘IOTTH ;8382 eanysradme] u1sey peszyiew ‘spfuspreulod > T
i ad SINOH 8 031 ¢ - *d,002 - gL | , ; : _ : ~wIofg)* 18U8 PIBH noT -£10g3 £TT®T1318d -10UT2 1083y TONIOEOSTY
§ : & ; *gUIUON] TBI0A0E WTTI. *sqT 02 0% OT :DpIubiT - | 8 : *U0TINTOS IS BM gno:oaom uoT3®s {
% : sl : 1 *gYeep TBISAE 03 ‘UTN OT | (383u° 7O "37F *bs 83\2: - *pyubyT 03 *SISPUSYXE 10 TOyooTy ‘Iep | -mepmop)‘epiuani® !
% &5 ‘UTIr 9 03 2 | *Io0¥%2 - 082 Snom pInbyT *s801y 30E g*zT) S3eeys g X0 T fWITL | SINOH TBI3408 M pus 83BN ‘TOUOOTY 908 ATuten -mog Lag ‘wild -mI0F-Tousyd 3 TONEES |
1 : *SINOH 8 ,. , 3 T g o A _ : | sxoqmIsTe00V¥ ‘JINOTX Iopmog* (SPTTOS | (goT3080Y UOTY
: 183913 PTODY ‘UMM | : ‘ | Y *180 T3 TXD feg oup 01 | TTeUS juuyse I0 - ooL=09) UOT3 -ssuspuoy) ‘opLu
GT 03 ¢ :sSsS8xg 30H ‘o092 - 022 oy *samoy %2 o3 dn | : . 0g 03 ST eInoy TBISAST ofy ‘queup ‘Iegsy 40H ATUtsy -uedsng I93 8 -3 pTENIOF=821() Yyeun
: ‘ : : : 5 | B , pess w03300 | FIEI083
£ *8I00F ¢ 03 3 *dwey, mOOY:S33I - 24 : % 1 *ggoxy | *e3TUdTNSTE UO0QIBD : puB 2nUBeJ TTEYIEOTA
u-ooun PIOD ‘UMM © P10D *d0083 : . : £ s PIOD IOF ‘BpPOG FO 938OTTIS . osTe ‘useg pus
3 Z tssaxg 30 | | ~0ST 185013 30H e seqnUIN 02 03 T oy 02 62 SINOF TBJISA®S ‘omyT ‘I0%BM. 40 10 DPTOD INOTH gfog tATUTSN nvee YI0S
! ) ; : } : .. i (8o01d8])
e - i ; m : : ; . . : 8AB338)
e : pogag s f : . | RIS : : : : fruten tessy :
=5 . Pt A por : : : il (EO®N) STTBATY > ‘ 899 8IpLY00IB) HOEVLS
% sinog 8T 03 ¥ | - eanjsiedwey moox | . seqmuUIM 0¥ 03 T| : , 0g 03 02 *gfsp fusn ~ pus egsp , PTOD _ InoTd ; eTQBI030A TTEVITORA
! T , : ; : ~aTnes wrek ~ speius SRy
: Hige i ‘sTnep misy pus : B ; *SINOH SOATLBAIESAXT UylTM PTOD ‘e¥eTs TIZOd 30 seuog
8InoE 8T 03 2 exngszodway wWOOE - segnuIN 9T 0% T : 4 08 03 02 yz 03 dp ; ewog ‘938N pus PTOD ‘zopmol| pus SepTH TYRINY
~ +gamog © 03 ¥ * duwey moogissaxy | Y : : (3x0Us £198137 *S0AT1BAI301T , :
-] | 3ssex3 PTOO ‘UMM 8 | PTOD °*do092- : . : -91J) *SINOH ¢ 9 pLye pTBUIOT : w *YTTN WOXF
& a8 03 ¢ :88013 10H _ -081 .-nokm 10 | - - seqnuIN 02 0% T ; 09 03 0¢ | $z o3 dn ‘STTBRYTY ‘J038M . pT0D ATUTHM : - xepmod| pegn3Tdinead aumm<o|i
_ T eag@tuiesg |  -dwe] woOO¥:ssald ; 73 ‘ : . : — | ‘ose ‘ewyT peseapA® | : .
| | tesead P10 *Tuin 9 PTI0D ‘#0082 . ok V) X sfeq TBI2A8G ‘ 9 pAye pTBWIOT BIBT © O PTOD oY RId * pooTf NEmnaTyY
% w_,. 03 ¢ un-o.ﬂu 308 | | -081:8801d 30H - pegnuiyN 0% 03 OT | 08 03 0e 09 SINOH 2 ‘SITBNTY ‘IX918M pus 30K - ¢ 29PN O Jeeg POTaC qo0Te
: (z) (1) =13 LY FENLVEEANEL | (1) QESOTO EWIL XTENESSY .:muma »mn gNIT EATO ETONIC ..: FEAIXIN SINTITTEONT sN10SEET agITIINS 0EN0S . SEATSTEIY
M DNISSEES “ DNTEND . e 3 , "33°D8 000T/saT -CTERIT o EIIT aHaav . - NROF : -
: . } = : - ! i
‘ , ¥ . : : : :
s TR el ® s R k. 34 fee. !
Ch i : s v e A : 3 A M o *OFA TSEHTY QOOMXTd EMOS &0 SOIISTHSIOVEYHO == I ¥I6WE = el o




TABLE I. (CONT.)-=-CHARACTERISTICS OF SOME PLYWOOD ADHESIVES
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OF VENEERS STREJGTH STRELGTH RESISTANCE RESISTALNCE CHARACIERISTICS RESISTALCE DURABILITY COST PRLNCIPAL USES
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S Panels.
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Medium Poor Interior
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Iten Mediun lione * Poor Poor MNarzed Poor - None Low furniture
: (Cheapest) _ Panels, Ganes,
HkI—».ackaages.
Item ledium Poor to Low to Poor Marked Poor Poor Low Building
to Medium Medium Boards, Con-
High crete Forms.
2 to 14 % Hign biedium Zigh in Cold dediuw. hen High- lone Moderate Good to Resin Alone Concrete Forams,
! to dater. roor 1y Extended ic Zxcellent High wWith Box Cers, Housing,
High in Hot dster Subject to Attack Fillers lLow Radio Cebinets.
Liquid Resin High High digh (75 - High (4) » Some with High dxcellent Medium Zxterior Panels, i
1t 5% 100%) (3) (ot affected) Liquids, lione Molded Panels, )
Pilm 8 to 12 % (1ta rlig APARLRE .
2 to 16 % High digh digh (75 - Eigh (4& - digh sxcellent High where Hot Press Cannot Be Used
1005%) (2) (Jot affected) But Where Glue Joints Resistant
To Most Deteriorating Agents
: Are Desired.
6 to 15 % High High d;gh (75 - digh (“;2‘ 2 Acne High Excellent High Well imde Melamine
1000) (3) (Jot affected) Resin Glue Jcints,
lesemble Those iLiade .
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