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INTRODUC TIOF-

The first part of this investigation was undertaken

as the result of a discussion with representdtives of the

Mic~hirn State Department of Health. In the ertensive re-

search indulged in by the Deopartment in obtaining further

information on the subject of Virus TDiseases, there arose

the problem of obtaining a .centrifuge capable of extremely

high speeds necessary to isolate specific viruses.

In use at the time Was an ultra-centrifuge ?hose

speed was far too low to Dropierly separate the viruses. The

Iepartrent had tried a Kagynesiim alloy casting, Dural and

Alloy Steel. All these were incapable of allowing sipeeds

over 40,000 r.p.m. The Department had visions of a centri-

fuge capable of running at speeds fro.: 60,000 - 100,000 r.p.m.

With the former materials for the centrifuge casting, as

the speed approached 40,000 and somewhat higher, the centri-

fugal force exerted on the outer areas of the casting became

so great that stress cracks occurred.

After trying the three castings of 7agnesium alloy,

Dural, and Alloy Steel, with the same apparent undesirable

results, the i-ichigan State Department of ""ealth representa-

tives brougcht the problem to the Wood Technology laboratory

at the University of ichigan, School of Forestry u Conserv-

ation.

1.0
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The discussion center-ied around the p-ossilbilitv of

using~ wood rotor i.n the centr-ifuge . Al1l concerned fully

realized the Tie ten.-ile strength eXerted by rood in relation

to its densi..by,

The Droblem- centered around fi~ng!-, a suitable mater-

ial wi1th a bijh tensile s+-re-zt'h and, low density. 'hs
ratio of Tensile Orenjbh over rensi.tyr beca-re the -1 r__ortant.

eoIution:.
-'ood is relatively high in the classification of

Tensile S tr ength (ps.i) of t11-e variious ?r teri als _ln use

toda>s

Tensile,.)trengthPeSIl.

Alloy Ste el119,000

K, lon el 185, 000

St'uc tural Steel 85,000

Dural 55,000

Polyami de (Xjlon) 50, 000

Alumiiqumn die cast 29,000

A11u- ":inum 22, 000

Pl:Tood 1,600

Fi bem-Gla s 54',720

%ih he abLove in Mind i7_ LdthCoorg

mighr ,Tolo ss ib 1-w-be thne much sou ,_-'ht rf^-Lte01 r,:)t e rial.



According. to IFores t Products lboratory Bulletin

R-1263 ,"Resn Trea ted, La i nted Com~ressed Uood% a f ew~

sami-ples of -rara llel liaip ted oesi-treated comnrreec odLTruce

with a speci fa gravit- of l1.30 gave aax7 iu tensi le marallel

to the grain of over 40,9000 p. s .i. end m odulus of olPe st ic ity

values ran gi ng fro_- 4,00,000 to 5, 000,000 p. s 1. (1) (2)

Athe s1Decific rvt of Co _r4,eric icrasdthe

tensile strengt? . rnd i-he rocdulus of elasti cityr are increased.

A-n examplG e3 of this is found In) an "T-e-oican Society of

T: chanical nIn ve ers tarer entit led FT?:esn-lmre amtion of

",o"r,«o dt by :lhCasselman(2). .The f oll1owi ng is the data re-.

p or ted in the rarer (3) .

J Veif 1ic Gra .vity. j Tensif 1leL, t rength Md.. O.of 77last.

1.1 28,000 p.s.i. 3,350,000 p~s.i.

1.20,30,000 i , 500, 000 t4

1.-3 32,000 fP 3,700,000

I .A3 , 0 03 , 5 ,0t 
s e e m s f r o m h . C s s e lm a u r.n Ys a r t i c l e .. t h a t a n i n c r 'ea s e

of 0.1 in the specific gr :i f' the ?panel of)o'refgiec

a cor-respondinra:increase of 2,000 ps.i. ini the toeile ste t-

arid about 150,000 p-s.i. increase ifn th.e noculus of elastici1tyJ.

This may errorcously indilcate thIat the problem could be solved

quite easily. Merely incr.ease the specific gravity to a point

w",horo:the re tie becomres saisfa ctory4. ?However, this cannot

be accomplDished because th e specific gravityr of dry wood sub-

(1) Literature cited in bibiogfra1by
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stance is about 1.46. This means that theoretically there is

absolutely no air psce whatsoever. The cell walls are com-

pletely comnpressed. The specific gravity of the phenol-form-

aldehyde resin is about 1.28. Frrom this information it is

evident that a specific gravity of much over 1.40 is inrpossible.

One of the poss ible advantages in using Compre.g that

could possiblr enter into the solution is the fact that the

density of the Compreg could be varied. lrhere the greatest

stresses occurred, the specific gravity could be increased (4)

The methods involved in arrivins at a solution to the

probl em were nunerous. It seemed very feasible to try para-

ilel laminationS of the veneers first. The procedure to use

paral lellaminations was very logical because wood is strong-

est in the direction parallel to the grain. After laying up

these 7arallel laminations the nrocedure wss to alter-nto the

grain of adIacent lyerc 50, 10, and 150 nrior to cormpressing

in the hot press. The d esirabiliit7 of offsetting the rain

at the various angles would redistribute the streses over a

greater area and therefore result in a higher tensile strenrth.

Three panels were to be made. The first was to have

the gr ?in of each succeeding ply of veneer offset 50 fro: the

previous Isheet of veneer. The second -anel w ras to be built

uo similarlK. on; the grain of each succedding ply of veneer

was to be offset at a 10 angle. The third panel was to be
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built up in similar fashion with alternatin grain deviating.

at a 15° angle.

Tese panels were -- o be cut un into test specimena

for a standard tensile strength tt.; The -date from these

tests on the various snecimens was to be used. in determining

whi ch rethod of the three used in laying up gave the highest

ratio of tensile st-rengjth tc' densliy value.

For each of the ials to be mcde for the tests, the

pr ssue to form the ompreg was also to be o iedt For each

layup of parallel laminations, 5c grain deviation, 100 raln

dlevia.tion, and 150 grain devia tio:a, there was to be made a

panel under the followin ~raasures: 800 p.s.i., 1000 a.si.,

and 1500 p.s.i. Since the high speed of the rotor would nec-

essitate a material h vy a high value for toughness, the

increased pressure would impart reater touhness qualities.

These pressures werE to be used because any increa e in Iress-

ure sakes the resulting nneel have a higher specific gravity

value (1) . Also, unren'- t.,1 varying pressures the cpimnum

ratio of tens ile strength to .dens i ty might be found.

To summarize the general procedure, the final panels

were to be composed of the following: one panel for each

grain angle deviation and one panel of parallel larminations

with one ranel for each pressure .'Thereby). _ making s total of

12 panels from which to cut the tensile strength specimens.



The following table will show how the panels were to

be numbered:

No. of Panel

2

3

4

5

6

7

9

10

11

12

Bonding Pressure

800

800

800

800

1000

1000

loon

1000

1500.

1500

1500

1500

Grain angle

Parallel

50

100

15°Parallel

50

100

1504

Paral le

50

150

MA TERPT LS

1. The spe cies used for ipregnation w Vs Yellow birch

veneer 1/16" thick. The veneers , prior to the impregnation

process bad a moisture content between 67 and 8 .

2. The resin used as tbe imre-nant was an alkaline catalyzed

unpol ymre1 ed phenol-formaldehyde res in-forming mix with a

pH of 7.7 and a solids content of 610. This Res inoidc R5995
manufactured by the akelite Corporation is miscible with

water in all proporti ons (1).



3. The veneers were treated ith a 50 aqueous solution of

the Resinoid BR5995 so as to Voive the desired resin content

of 30f6 of the weirht o'f the vood.(5)(6) t-hen resin-treated

veneer is highly compressed in making parallel laminated Com-

preg, it is not necessary to use a bonding glue between the

plies provided the resin content exceeds 30 on the basis of

the dry weight of the untreated wood..(5)

The solution for the first bath was made uo in a metal

container sufficient to cover the necessary number of veneer

sheets. This bath consisted of 3725 cc. of r=akelite Resinoid

BR5995 5nd 3725 cc. of cold tap water. The temperature of

the treating bath was 65'F.

I-pregnation, due to the size of the rmetal container,

was done in stages. The veneers were allowed to remain under

the surface under non-drying condit ions to allow the resin-

fora-ing constituents to becom.e rniformly distributed by diff-

nsi on throughout the structure.

TTh.e time required for the veneer to take up the desired

amount of resin-forming constituents wil lvary directly as

the square of the thickness of the veneer, directyr Gsthe

specific gravity of the wood, and inversely with the moisture

content of the wood and the temperature.

It has been shown that the extent to wh3ich wood swells

in a resin forming solution beyond the selling in the solvent

alone is a °ood indication of the affinity of the wood for the

resin-forinn constituents. Aqueous phenol-formaldehyde resin-

formina solutions cause considerably more swel_ling of uToOd. be-
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yon'd the swe ll i o in water tha n is caused c by any of th e other

res1n-form~r n Systems tr Ied.(i) (4)

After iim-pregntion for 48 hours at atmosp'beri c press-

urle adroom 1ererture, the veneers wre taken out .and pIaced

be tween s-.Tatll stickers to allov better circula tion throu!r'b

the le in drying. The e vneers -,ere then slow,,lyT driecd so

th'"at 'tbl~e -res -fomn cost-ituents were able to diffuse fron

the fiber cavities into the cell wRalls as water wTas re- oved

,rom1 the fiber cavities . In fourdys the rues reached a

m(ioisture content of aDronwleilstlvG % to f1

>m~p l e polies from .nEach batc'b,.;rior to im re~n-,tion

wre re e, i --he n.ad th1en .J.l at r e bd o a me a ft;er rea ,chi-)n a
r°ois ztre content of G; to 8'- to determine the am ount of solid

rno iin absorbed by tbe veneer sheets.® rlhe fbl^ThIn . t~bleho rs

the results of these wreighircs,

t,__rior toWt after Irorease iIces
Imr regn ation d .ing

Ply~ No. l- 82 gr. 121 Sgr ams 39 gramcis 3.

Ply 1No.d 2 88 r. 132 grams 44 gramns 33.75

Pl I.-TTo.m 3 86a5tyr. 131_Ir.ms 44. 5grm

Ply No.e 4 83 yr.e 123 grams 40.e0 grams 25

Ply No. 5 87 or, 130 grams 43 grams 33j

1fvere ge }Percent

of Increase = 32.98%
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Temperature and Pressing

After drying, the plies were assembled and readied

for the hot press. The bonding pressure used on the first

panel was 800 p.s.i. The temperature used was 2850 . for

fifteen minutes.

Prom past experience it has been sbown that the hirher

the temperature of pressing, the greater will be the tendency

to check. This is due to the embrittlement of the treating

resin. The best results for bonding bave been obtained by

pressing at 285 to 300 0F. (5)

When heating from the press platens, the time of

pressing depends on the thickness of the panels . If all the

heat came from the pls.tens, the tirme for pressing would vary

as the square of the thickness. owever, in the case of the

resin-forming mixes, there is an appreciable amount of exo-

therrric heat resulting fro-' the reaction within the wood struc-

ture. Because of this fact, the pressing time required for

thick specimens of Compre g is somewhat reduced because of the

fact that the internal temperature is built up more rapidly

than by conduction alone. ,y this reduction in pressing time,

the heat from. the center of the plies to the surfaces is kept

steedy enough to avoid over-curing or burning at the center.

Should. a higher temperature be used, the dissipation of heat

from the center could hrdly keep up with the heat being evolved.

at the center by conduction.
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t using a bonding temnerature of 2850 F. the exother-

mic reaction was sufficiently slow that the generated heSt

could be conducted away as rapidly as it was generated, thus

avoiding the undesirable building up of heat at the center.

This latter occurrence is further reason for svoding bonding

temperatures anpreciably above 285'F.(5)

To check on the platen temperature so that a higher

tempersture than was desirable would not occur, a therrmocouple

was inserted into the' Dress.

Total pressing tire ranged from l15-30 minutes per inch

of original thickness of the wood.

After the proper amount of pressing time, the panel

was allowed to remain under pressure in the press with the

hesting elements turned off. This procedure is very important

in the forming of Compreg. The panel sbould be cooled. to

approximately 180'7. or in general to cool the wood belowr the

boiling point of water before removal from the press. In

cooling to the above temperature, the Compreg is prevented from

springing back if pressed under incomplete curing conditions.

Also, the surface is vastly.imrproved. Yost important of all

detrimental occurrences th .t right be due to improper cooling

of the panel if the plies used were appreci bly over 2% in

moisture conteent is the craving and. blistering of the surfaces.

W'ith the moisture content of .the veneers rather high (6-8%)

steam pockets, blistering and. crazrng of tbe surfaces would
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occur ulnon i-rmedic.nteo'release of the -ores sure ® vWi th w7oods of

contrast; grin, rele:7 se- of pressure -rior to the allowance

for coolinbg at the center of the b .nel brings about a oheno-

ena krnown as lyv .sbLoardinY).g

*T airng all these a-dverse possiili ties into consder-

ation, the panels weTre allI1owed to cool to approrimia tely 1(<:00'F.

Again thne tberwocouole was used to check on the the-nos t-ts,

connected to the :heating elements.

The other rqanels requ:ir ingp, res sures of 10030 psi. and

1500 psi. iwere tre.-ted sn lsrlw to inrsure testir f:siecrremens

of u1nif'or'r1ity

P.L- 70 !J...7, 
TT ." P011t7 ni Otfly',r T -)PEC rI .T;

1. 1%ethod of ,.epr i-. the s oecimen s:

The ,o^nels were first cuLt u.) into str s31" to 14"

131 length,- 1/211 tl-?ilck and 111 ide. The fiwnal test s-ecimen

wa s to be testod according; to B-ri tish onec ficat:ions for sn

dard Tensile Str ogth "es t (7).

I II I
1 I I

i I II

I I I I

( II ISI I I
I I I I

I I I I



12.

In order to get the required 1211 radius, a fixture

with a 12" radius was n rked off and cut out. This curve

was s nded down to assume a perfect 12" radius. Holding this

fixture against the piece of Compsreg, the radius was marked

off on the 1 / 2 " side of the specimen. Saw kerfs were cut

with the band saw as close as rossible to the marked off curve*

After all the _ieces were taken care of in this manner, they

we1re f iled down to assume the radius. This gave the piece

the dimension of 1/4"

To get the ra di on the opposite or 1 side of the

s re cimens, the fixture vgain was employed in marking off the

line of curvature. This side being more difficult to work

on, the use of a lathe was employed. A srding drum as put

on the lathe and abrasive action cut down the area to the

reouLred size. The cross sectional area of the test iece

vwas now 3/8" x 1/4" or /32 sq. in.

The tests were condiucted on a Riehle testing machine.

The head speed of the testing machine was approximately 4000

to 0000 p.s.i. i:er minute.

The table on the following pa e shows the results of

the tests.
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To get the specific gravity of the panels , pieces

were cut from the remains of the panels after cutting for the

tensile strength specimens.

The pieces were cut to weigh approximately 5 grams

each. The pieces were first weighed in air on the analytical

balance. After weighing th- e three pieces in air, they were

weighed in distilled water with a temperature of 72°1F. The

specific gravity was found by using thy fpllowing formlae:

Densj ty = t . (grams )
Volume (cCs.)

Specific Gra vity Dens it

1 (sp. gr. of water)

The following table shows the Specific Qravity data:

PresSure t. in air Wt. in Water Sp. Gr.
psi - 7grfms - grams)

800 5.1212 3.8992 1.314

1000 4.7990 1.2230 1.342

.1500 5.201 .1.387 1.363

Prora the above, as tbe pressure is increased, the

Specific revity is also increased. This is a step in the

right direction, but since the ultimate specific gravity

would be 1.46 theoretically, the consequent increase in ten-

sile strength wonIld have to have a very highi ratio increase

In proportion to obtain the desirable velues.

Due to the unavilebility of the resin R5995, the
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Ratio of 'Tensile_trertl/Le si f or~rTste

BondingPres,::sure Ratio

.800 
30,900

1000 29,478

1500 36, 200

3-2, 193Averag~e

r
C-

Bondin g

Le 800

S 800

50 800

.... ,

p res sure

p 0.'

A/BLFITI

300'0r'

6o

8.

910

10.

110

1000

1000

1000.

1000

to

S-o. CravitwT Tens. S)trengLth1

1.314 Z4X0,000 .p..i.

g zl41,250 *r

Ar vers. ,e 0,580- g

1.342 .39,2100

3r8,000

P 40,0 go r

p 40,900

Av-ra e 39,650 '

1a X33 48,200 'r

P 48,000 ~

P 51, 200

P49, 990 "

~vorage49,348

1500

1500

1500

1500

tt

t

Ittf
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of Con-Ioreg .--. of Other K aterials

mate3ia

Alloy S teel

%r Monel

S tric t.o Steel

Dural

Po lyTami d e

Alumr, Die Cast

A Ilumi?_ll=n

o omnrd

Clas Fier

Tensile Strength

189,9000

185.,000

85,000

E55j000

50,000

29,p000

22000

16,000

9,600

4_2,500

54,720

Dersl

2*79

1.14

6.60

.7

0.a63

0.68

1*34

1.76

24,2230

21,020

10, 830

4 3 ,86 0

10, 000

8, 150

25 ,4 00

14,120

)51, 717

31 ,090
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rTABLL 111 '

800 ,si

1000 ps .i.

1500 Dpos. o
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psunels TTitha the grai n deviations could not b-.e ade and tested

for tensile strenth. The re-ran g, tests on the Corrpreg

possibilities for th-e ultra- centrifrg e, ar 1i d ot j 1-th e
work nlan. coulld not be tested and cone red to the results

obtained by the _naSrallel lsaiinated i eces.,

12" Radas

Cross sectional dimel nsions of test length:;

8t
B.= t or 3/8tY -which ever is the sma ller .

Tickness of test niece:

b -lf or t, wiuichever is the small1er.

tu=f- tickness of ori;inal t-naer ial.

T L-pece t ested, t=l/':.w- l
" v x1.5
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Therefore piece tested has a cross-sectional. dim-

ension of 3 /8" x 1/41 or 3/32 sq. in. or .09375 sq. in.

According to the British specifications, each test

piece shall be pulled in an approved testing- machine, the

stress in the piece being increased uniformly at a rate of

4000 - 8000 p. s . i . per minute. The load shall be applied

axially.

From all the foregoing data, hr. Casselman t s article

and the Compreg tested, it is very evident that a material

giving a ratio of tensile strength to density anywhere from

60,000 to 100,000, which is the desirable range, would bhrve

to be so ught els ehere. .- The properties of Compreg

could not do the job to form a rotor capable of spe eds over

60,000 revolutions Per minute.

Recent experimental work on the polyamides and glass

fibers woven into different types of cloth have resulted in

bigb tensile strength materials.

"ork having to do with the experimentation of resin

impiregnated glass fiber laminates shows the possibility of

forming high strength reinforced olastics. It seems that

with most of the woven gla ss .fibers wo rked with that on the

whole tbey lenidc themselves very well to simple bends and

compound curvatures. The "rotor1 for the centrifugoe would

have a simple curve at the base and therefore the glass clotb

might be applicable.

* (Ref: British Standard Specifications, 5 V. 3)
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Of all the woven types of glass fiber cloths, it

seems that the loosely woven cloths apear to 'e best for

drawn shoapes.(8)

The glass fiber is resin impregnt ed, heat treated

and formed into laminetes. These cross-laminated sheets

are 1 / 4 "1 to 1/2" in thickness. 1:eat treating creates. max-

imum adhesion of the resin to the .,lass.

Cross laminated glass fiber cloth combined with

short fine glass fibers, known in the industry as flock-

fibers, impregnated. with a low-pressure thermosetting resin

and heat treated gave the followini values for tens1ile

streng. th and density; 54,720 p.s.i. and a specific gravity

of 1.76. This cloth was created in the laboratory in 1944"

when the Army Air orces were studying the possble devel-

opment of class reinforced low pressure Plastics for various

parts in aircraft.

THwever, during the past two years, continuous res-

esrch on glass fiber cloth reinforced laminates has giver

much higher values for tensile strength,

An imoort ant factor in producinc this Thih tensile

strength fiber glass cloth is the type of resin used for

impregnation. Althouch at the time all the vsarious tyres

of resins were not available in co1ercial cauantiti, it

seemed that the copolymer poly-erizing resins, which d.iffer

from the wel_-known condensation ty pes such as urea- ormal-

dehyde end.- henol-formaldehzde in that they do not give off
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Explanaion of C r-'phs 'on St rength C'hara cteris tics

and -Percen t Glass Fibers

Tenslle Strength

1-- C tensile s trenrrth of gass cloth laminate's is

closely- rel _ted to the gls ss content. As the rercort of

glas f ibe r is decre a sed, tbe tensile s t decreer~

pr opor tiona tely~

C ompre s s i vo .S eng.th

Conn-res sive stUrength of glass cloth layJnat'es drYo~s

srarTplyT wth red-uce d gla ss ca - norte o a ssur e hig c or,-

ore ss °ve styren gth there sbould_ be a hgh-- rati- o of glass to

I ,ro dulu .s of E last:ici2t y

K.odulus of Elasti city -of Ylass cloth lam:inat es i sin

exza ct roort:ioo tbe U gla ss contyentd ecre ssing as the
1-, s s qerc ent decreasses There are s li : t v ra tions as the
nly ,thicskn e s sof .tboe lam^inat..e s -inrcrease.o
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water and a gaseous by-product in curing, gave the best

results. The fact that the coolymers cure without the

elimination of -;as & water means that h:_gher curing temper-

atures can be used. Ano ther imeortant item is the- elimin-

-t on of "blistering;. (5)

Other factors affecting the strength ciaracteris-

tics of the gMass-fiber cloth besides curing conditions &

the typDe of resin are; fiber diameter, closeness of the fiber

weave, direction of the fibers, end The glass to resin ratio.

From the graph showing the relation of tensile stren th

to the percent of class fiber it will be noticed that the

tensi sstrenth increases as the percent of class fibers in-

cresse. However, there is 7 limiting point where this ceases.

The greph would level off when the glass volume approached 501.

The strength of the glass laminates can be varied in

manrT ways. The mromerties of unidirectional glass cloth in

the direction of the fibers are approrimateiy double of those

of cross lan ated elass cloth. The strength can be varied

by using a cloth vi th a tight or open weave, by varying the

number of plies of cloth for a civen thickness, or by disper -

sing glass flock in the resin to serve as lateral reinforce-

ment. As in the Coimpreg, alternatins of the jraiLn direction

distributes the stresses and makes the miateri1 stronger.

All these variables make it 7ossible to cover a wide range of

1treng th.
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Ehaustive studies off lass fibers have been conducted,

to determine their phys ical properties. A erect deal of new

apparatus has been desi "ned and built. Todny, experimental

fibers have been produced in the laboratory with a tensile

strength exceeding 2,000,000 p.s.i . in diameter range smaller

than the stand.ard textile fibers.

2ince the wood utilization laboratory does not have

the facilities to test fibei glass and the 'olyamides, no

actual testing and experimentation could be performed.1'8' (9) (L0)

'The polyamide r sins are coyronly known as nylon. This

is a generic term for any long-chain synthetic polymeric amide

whi ch is capable of being, formed. into a filament in which the

structural elements are oriented in the direction of the axis.

The name nylon does .ot refer just to yarn but includes an

entire famihly of polyamide resins.

The high polymeric materials such s the polyamides

are made up of lonr molecular chains. cpplicatLon of a cons-

tant load. to such a material produces an instantaneous deforn-

ation due mainly to the straih.7tening of the prmary valence

ch1ins1 .As a consCmence, deformation under loadingr tends to

tak clace in the direction of the chains, corresponding to

an increase in deformation. - towever, upon removal. of the load,

the elastically deformed structure tends to return to its

original, unstrained form. (12)((13)

No. definite informs tion on woven polyamide could. be

found. either larlinated or otherwise. Howev er, the -hysical
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properties of the polyam ide f ibers, na mely densi ty, and ten-

sl e s tr e t h are firL1 T wellI etabli.s hed(flin th e lite r at ure.o
.h e s t r e n g t h s c a n b e a l t e r e d . b y \? .t h ~ e g r n ir ,l a r s i z e o f t h e T -a d ~T r .1 ' e r h s c .n 'r i 1 fc r a n t T r e o o l

pol yamide 1_f11ilment fib ersd en sity, 1.14 gin/crIy ae a, tnsil

sre -th of 10,530 ps i_ tested at 77 0F. and a rela tiv 1)b1, .

Id trof 557g',.", (9)(10)(1l)

D21S usSion of Resciult~s

romQ ?the above, t is (_vdent thU tIwitoutiany inor-

matio on - the s tre-Lg th .charac teris ti'cs o f ~l zmde woven

'n)rmn~~nin favor 61f the glass _2fiber; cloth. Th1)e strength-

rorpert i e f wo .LQv en imrent d ,lss1,fiber cloth seem.is to

i- dic t o tathis ma.t e ral s Qg 3_ne..ibl 7= e ti.e _probler

iiurter J intensiv :e r-.s t Vr) .drs h old -. be mad e of th ist fr' . te. untilr

an1 oisJnum re.1i ns le srnghto dens _-t \7ratilo coul1d be obtained.
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7igure TT shows plai n stanle Ciber a.t

tie left, v,',ilo a. l ov w i st s a 1le pme rein -

forced v., tb conti'nuous -7 kment yarnis showrn

at the rim-ht.
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C

"i

I

In figure IIT Is shown the "1ass fibers

fors 3_n on a conveyor 1:'I~in a wool-like res-

i _'o' t -mas .
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IGTIIB TEj V

In figure IV is shown the glass marbles

tbri~t src,. ol d from the re'.- mc Tterials. Ib ese

rrrblcs a. o *as o eted. for flaws tblat migl_(rht .ffect

tho tens1 ' a s Lrc,4' - rrome*-x s ofthe ibrc

in the base of the melting chamber throu'rh which

©0 t_. L



FIGC7U RE V

In f i gre V are shown th-le -'nimpre g-

ns.ted Mass fubers. Included are both the

continuous filamcrnt and sta nle fiber types.
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FI GITE vi

In fi;mmre VI 9.re shown rmany of the irn-

n- eqnatod. -- -- 0~ fiber . Also sbo vm n

n o 7or eounf ni the glass fiber lam-inated

sheets.
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In fi zure VI I i s shown 1-ow the web

of fflbers is beir r:, ormerl ;,into an untwi sted

yarn.
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TI QUIT TTf

-In firmire vi: i s showin how! rio:ss fiber

yar-nsrr nl;rn for w er vmnrc in-tc)r h rc

on~~ rem: sr ertn c mhin e ry.
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Sbow her isc netulm tye tns 5 _'-

strot> este. z ±s~lsouso to est1/2
pprl}~'wid ss'~ls o Imregate clths
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PART I?

T1his second -)art also hasa direct indstri al anpDi -

catio,

A cUi cutting strius 811 x ill x 1/4F' ona ri i sawr,

Th1ad in. ue a board mnade of hard sou.th ern ine as a. throet

nist-- for the saw. These stri s mre cut on ari saw with

four sa-ws on a si.n le arbor. Th- is cutti n oocration recess-

ta tel. sca l th-roatt ot to accomo: dte the sew blades.

The nine throat plate ;I . inserted into th~e riz saw

a nd scre:r ed level wi _th tb table of the. saw. .- non-fYrrouis,

must be used Insan ooeration of this ki5nd because slivers

mbel dd _1u Jt1e-oelVes be',tween 'LT: esaws and the ed es of the

slots i t1 roat nlare c--n uccome ver7T hazardous and e -

pensive fro ' a lcss of -mrodctni-nnstaud-oint. The slivers

cc e ~ iand I -. tte asou ftr emner Or'c'.se th1emito touetch

th~e. codb ..esr of° the plat.e, r~ Y'1ru . ng the teeth< of the °saw.

Nedlsstosasuch- occurrences ore ez ceediv.: r costLy botb

from the st ndninrt of i.nterrunoted :,roduct°on nud unneces sarT

gu~t ilaaon of e r~_mient.°

Tis mrrc icuLlar olant wasli out in suach_ a Manner

that all . other onerti ons such as moligaoaig nd the

use of the cut-off sn~w' depended on the -- inn. ri sawyrior steady

oroduction. Any break--dow~n to, int all a new nl,-t or new saws

on th~e arbor caused(-a very7 va luiable los in product ion time.

Al-so, any da^ma ge dow.n to thae sawis the-ms elves pi, oved very ox-

i ensiave.
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This board had to be changed after every 30 hours of

production time. The narrow s tri)s cut in the board. were

not tough enough to withstand the abrasive and. cutting action

of the slivers and. the stresses caused by pieces wedgjing them-

selves between the. edges and the saw and the edges and the

arbor. Cracks wold develop and then run on through to the

bolt holes. The area ne ar the bolt holes, on the under s ide

of the slots, was entirely rip-ed. swaT fron the body of the

thro t olate.

Due to these various factors the problem was broug-t

to the attention of the wood utilization laboratory of the

Univepsity of ichi;sn.

Worki ng Plan

Tbe throz t plate was made from a plank of outhern

mine whose divers ions were 22 1 / 2 " 7 1/2" r: 1 3/4". The

growth characteris tics of Scuthe rn pine are such that there

is a ring of hard surmmer wood frowth with a sbarp line of

demarcation wTere a wider band of soft spring wood occurs.

Prom the analysis of tbe dama ge occ~rri in the oricinal

board, it was definitely shown that t-he)e facts were very un-

desirable and that a more homo'eneous msterial world be more

serviceable.

At first, a board of laminated hard mapole veneers

was made u. Ths a nel was made up of 17 olies of 1/10"

bard maple veneers under the following conditions:

Type of Glue: Urea-formaldehyde powder, mixed accord-
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ing to directions - 10 Darts glue and 6 parts water.

(zlue Spread o Single Sp read

Pressure - 200 p. s'.i.

After ass_-embl ing, the built up nCanel :.e Dic-ced9- in

the be testing me nchine and put under pressure for armo~r-

imnat elIy 24 hours .

The p .nel, aft-r being tak-en fron,~ the press, was trimmed

down to the proper si7e-r.lngandcutesnk 0of -bolt

holes and t' e cutting of the slots was left to the plant per-

sonnel.

Ihe p^ nel wa7ss celivereC and put into oDerat ion . After

few dayes of production tim~ie, the size of the strip ct ti-n1's

waere c3:. ng ed. Since the saw openi ngs already had been cut

to aceomy °odate the first s-pacing of saw,,s on the arbor, a changed

se eturmeant a new soc Cre.t io. In turn, thnis 1m esnt cutti3n.

other saw onern ns. These cuts w.-ere ver-K close to the fi rs t

_1:,d therefore .ree emed th e bord cosider a bbcreth

narrow strips of la~rminted maple were irrem lartT sna ced.

Fully rea~Tzg th~e strene'tb and tou,,h]nce character-

isties of Compreg, it semed thapt th. i m'tria. wold be e,,-

cellon kt for a throat r_ - te,

o make th e entire boa rd o 0 oi-.?regv o ul1d be unrecess-

a.ry becautse th e stre:§-th -nd touj- ness characteristcs vere

needed in the areas werile the. saw opemirwn s occurred. To get

the1 Comp?'reG in, thbe cc e rea, wvhere the strtesses were great-

es t, the Corn-preg, ,vas inserted in the receSI)-ed a1-c of a hard
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maple laminated. board similar to the one made in t-ie previous

experiment.

Materials and Proccdure for Panel

For the panel, the following materils were used:

1. 17 plies of hard. maple - 1/1W' thickness.

2. UTrea-formaldehyde powder glue mixed according to

the specific directions - 10 parts of& gue to 6

parts of wter, by weiqht.

The glue was put on siLnle spread and the panel was

placed in the Riehle testing machine under a press-are of 200

p.s.i. for 24 hours.

"fter removi n the maple board from the testing machine

the area for the Comnreg was routed out. (See page 4)

There were two ways of __etting the Compreg into the

recessed area, either by taking a piece of Oompreg with the

required dimensions and gluing it in or attempting to make

the Compreg directly' in the area cut away.

In a study, made on the gluing of Compreg it was found

nearly impossible to make a good glue joint on the hard and

lustrous sur fce of the Compreg as it cores from the press.

This rmay be due to a deposit of vax left from the cauls, or

to a layer of hi ghly pol-merzed resin on the surface. Even

Trher the maxy surface finish was cut down with acetone the

adhesive qualities were not improved very much.
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Since the throat was to be subjected to severe vibra-

tions in the saw, this method was ilmractical.

Materials and Procedure for the Comnre_ Insert

Since no Bakelite phenol-formaldehyde resin could be

obtain ed, another type of phenol-formaldehyd.e resin in powder

form was used. As a solvent, ecetone was used. The acetone

and the pheno--formaldehyde powder resin were mixed to form

a 50% aqueous and a 30 - solids content solution. The follow-

in is a list of the raterials used:

1. 3.5 pounds - henol-formaldehyde rsin powder.

2. 4015 grams of acetone.

3. 17 plies of 1/16" yellow birch veneer.

The resi n oowder and the acetone were mined to form

a solution in a metal vat. The sheets of veneer were placed

in the resinous solution to sock for a period of 48 hours.

Afew sample pieces of veneer were weighed nrior to immersion

to calculate the amount of solid resinous content absorbed.

The moistvre content of the veneer sheets prior to

immersion was about 6 - 8%.

After the soaking period, the veneer sheets were stacked

between stickers and allowed to dry under room temperature

conditions .

Since the amount of solids content absorbed during, the

immersion period was relativTly low in comparison to the de-

sirable 33° -- being only 20.9 -- sheets of Tego resin film

were used in the assembly to reinforce the resin content after

being cut to enact size.
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The veneers were assembled with the grain in each ply

going in the lengthwise direction. Each veneer mly was sep-

arated by a sheet of 'sego film.

This entire assembly ma a placed in the recessed area

of the rnaole board and placed in the hot ress. Care was ex-

ercised to insure the forming of the Comureg in the recessed

area. The corners were placed in nosition with the use of

tape.

The maple board and the impregnated veneers were then

subjected. to the followin, conditions:

Pre sure - 1000 p.s.i.

Temperature --- 285F.

Time --- 15 minut e s.

After pres sing, the platens of the hot press were

allowed to cool to 110%7 to avoid any surface crazing or

blister ing (see page /0+0) .

After removal from the press, the edge of Compreg that

was overlapping the maple board was sawn and made f.lush.

Discussion of Results

The maDple thros t plate averaged about 20-35 hours of

production time per week for a period of three months. When

last seen, it Tas still in relatively rgod condition and ca-

nable of many more production hours.

7lthough the plant drring this -period was working on.

a 44 bour week, enough stri-m-nr could be run throuwh the
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gang rip saw in 30 hours to keep the plant going for the full

44 hours. Since two men onerated the rip saw - one handled

the lum ber, they could be used elsewhere during the idle time

of the rip saw. All this was possible because no time from

production was lost in making throat plate changes.

Tnfortunately, the compreg insert throat plate was

never nut into use. Curtailrrent of production prevented accur-

ate production time data of the Comnreg plate. Therefore,

no definite informration on runninh: time could be obtained and

no comoarisons with the maple laminated board could. be made.

However, from the strength characteristics of Comnpreg as ascer-

tained in Part I, it is very evident that 'the Compreg insert

throat plate could endure all the°forces of stress, vibration,

and abrasive action to a ruch greater degree than the throat

plate made entirel> of laminated hard maple.

Sura-nary

These t}w o industrial pr oblems are excel1ent examples

of the type of nroblem that might ent er into sny chase of work

i a wood faricating plant®. :eans of solution could only be

determined in s ome sort of laboratory regardless of size under

trained and competent supervis ion. This sort of work would

be of immeasurable value to industrial concerns fr om the three

very important standpoints; namely, new rooducts, saving of

mat e rials , and. economy in the use of manpower.
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The above -hotograrb t D- the Co :r,)reg

inserted throat plgte on t'le lE-7t.. On the

right is seen the oni~1F Soyathern ' Tel l

owPine hrlate wl*'tb the arrow --oint-I g to

yhe spli-.t occurring in 'he soft spring wood.
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