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SYNTHETIC RESINS IN AIRCRAFT CONSTRUCTION - THEIR
COMPOSITION, PROPERTIES, PRESENT STATE OF DEVELOPMENT
AND APPLICATION TO LIGHT STRUCTURES*

By K. Riechers

In aircraft construction accurate knowledge of the

strength properties and behavior of the construction ma-
terial in actual operation is of essential importance.
An attempt will therefore be made in what follows to give
a brief review of the properties that have been attained
with the synthetic materials with which we are at present
familiar.

Obtaining the Synthetic Resins

The sources and method of preparation of the synthet-
ic resins are schematically shown in figure 1. The start-
ing materials for the synthetic resins with which we are
familiar and that solidify in molding, are lime (C,0),

carbon and air - that is, raw materials which are obtaina-
ble in sufficiently large guantities to satisfy a demand
even several times as great as the present one. Through
the mutuwal action of the lime and carbon at high tempera-
tures, calcium carbide is obtained and this combined with
water yields acetylene. The latter is the starting mate-
rial for a large number of products of the chemical in-
dustry, such as medicines, dyes, lacquers, solvents, fuels,
synthetic rubtber, etc. By polymerization of acetylene ben-
zol is obtained and from the latter phenol, which is a com-
ponent of synthetic resin.

From glowing carbon and steam carbon monoxide and hy-
drogen are obtained, and with the aid of pressure convert-
ed into methanol which serves as the starting point for
formaldehyde, the second component of most synthetic res-
ins. From phenol and formaldehyde, with the aid of con-
densating materials and catalytics, phenol resin is ob-

*"Xunststoffe im Flugzeugbau - Ihr Aufbau, ihre Eigen-
schaften, heutiger Stand der Forschung und die Moglich-
keit ihrer Verwendung im Leichtbau." ILuftwissen, vol,
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tained which, with the addition of fillers, described be-
low, yields either the molded phenol plastics or the lam-
inated plastics.

Through the action of heat these phenol resins solid-
ify or set, during which process the resin passes from
the initial state - the so-called A or resol state - to
the B or resitol state. The final product of the set-
ting process is phenol formaldehyde in the C or resit
state. Whereas in the resol state the resin is easily
soluble in many solvents such as alcohol, acetone, etc.,
in the resitol state the resin is insoluble, does not
fuse, and is highly resistant ‘chemically. If the phenol
resin, therefore, while in state A is combined with sol-
vents (see fig: 1), it is possible to obtain lacguers,
impregnating materials, and binders in liguid form.

The second large group of ‘synthetic resins - the
carbamide or urea resins - are obtained by the action of
formaldehyde on urea in the presence of catalytic agents.
(See fig. 1.) By the addition of ceértain'fillers to the
urea resin the amino plastics are obtained materials which
‘find increasing application. The setting of phenol or
* urea resin under the action of heéat is successfully util-
ized in gluing high guality plywood sheets. -The general
application of heat would be sufficient for the solidifi-
cation of the synthetic resins if it were not for the sep-
aration of gas inside resulting in a completely porous
material of no value for technical applications. It is
only through the simultaneous application of pressure,
which must amount to 300 kg/cm2 (4,267.05 1b./sq.in.)and
more, that suitable materials may be produced.

Fillers

The pure synthetic resin always is -only a starting
material for the final resinoid product. In only a few
isolated cases - for example, for ornaments or jewelery
is the pure synthetic resin itself an end product. In
most cases the final synthetic material is obtained by
combining.the original resin with some other material, the
so-called filler. (See fig. 2.)

By combining the synthetic resin with the filler, a
product having properties not possessed by either of the
two :component materials is obtained. Thus, for example,
the pure synthetic réesins have too great brittleness and
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not sufficient toughness to find application as structural
material .subject to any appreciadble stress. Similarly the
fillers could never by themselves be employed as structur-
al elements designed to take up forces. The properties of

a synthetic resinoid depend on the kind of filler and the
proportion of the resin as well as on various other factors,
and this explains the large number of trade names used for

.each material. In the further fabrication of the synthetic

material, only certain fillers can be used with a'given
fabrication process. Thus plates can be obtained by apply-
img 'successive layers of paper or fabric sheets. To ob-

.tain a good plate it is necessary, however, to distribute

the filler so that its'iqdividual parts flow together with
the resin and so, for.example, instead of fabric sheets or
wood' veneers, fabric cuttings or wood flour is employed.

According to the form of the filler the plastics may
therefore be divided into laminated and nonlaminated or
molded varieties. The‘laminated kind is mostly employed
in the manufacture of sheets, tubes, and rods, while the
nonlaminated kind is used in molded parts. It is, of
course, 'possible to fabricate the molded plastics into
plates or sheets or fabricate.molded parts from laminated
plastics. The latter today are of the greatest importance
for -the constructional parts of airplanes.

Types of. Synthetic Resin Products

The laminated and molded resinoid products have been
standardized into various types and classes. (See DIN

:2701.) To the molded products belong the so-called phenol

plastics, that is, the synthetic resinoid products whose
base is phenol or cresol; for example, type S,T,M, and the
amino plastics, type K - that is, synthetic materials
whose base is carbamide resin {(urea formaldehyde). The"
chief classes of the laminated resinoids arc the resinoid
papers of class II and resinoid fabrics of classes G and F
with coarse or fine fabric inlays.

In addition to the "thermo-setting" resinoids there
is the large, almost daily increasing, number of polymer-
ized "thermoplastic" resinoids which, in contrast to the
phenol plastics and amino plastics, may be fabricated in
the soft state under the action of heat and may even be
die cast. TFor airplane construction the thermoplastic
resins are as yet of no importance since their properties
hardly satisfy the requirements set upon them. They are




< N.A.C.A., Technical Memorandum No. 841

employed mostly in electrical applications since their
electrical properties are generally -of a high order.

Possibilities for Constructional Applications

For light-structure application, particularly for
airplanes, there remain only the molded and laminated syn-
thetic resins. Of the molded products, only.very few will
be found at present suitable for application to airplane
construction., Figure 3 shows the molded resinoid materi-
als with their fillers that are used at present. The min-
i{mum strength properties of these plastics, according to
the VDE specifications, are relatively low since thesse
products have been developed for the field of electrical
application only. As a result, the molded plastics found
on the market are as yet unsuitable as regards strength
for most purposes in airplane construction. Only the
laminated resinoids have at present any .chance of entering
into competition with other structural materials.

There are two possibilities in the preparation of
‘constructional parts from synthetic resins:

Following the method of wood construction the struc-
tural parts may be produced out of plates, tubes and rods
through suitable glusd joints, or molds may be used, in
which case the filler is impregnated with synthetic resin
and the synthetic resin sets during the molding process.

The first process has the advantage in that no ex-
pensive molds are required and the usual commercial "semi-
manufacturing" process may be used. As compared with wood
construction there is the disadvantage, however, that the
structural part is heavier although of higher strength

((g) f <_<g}' ]. The advantage of a single molding
LNY ; e _

resin wood _

process is not utilized and hence also the advantage of
laying the fibers of the filler in the direction of the
stress. On the other hand, there is the impossibility in
constructing airplane parts from synthetic materials of
dispensing entirely with gluing. A considerable number of
tests therefore have been conducted with the object of
finding a suitable binding material. Among others, it was
found that urea resin glue, kaurit, was quite suitable.

Figure 4 shows the strength of glued joint attainable
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with the two types of joints illustrated. In the case of
synthetic resin paper the strength of the joint is compar-
able with that of good spruce, and in the case of the syn-—
thetic resin veneers, even considerably higher. The low
gtrength of joint of synthetic resin fabrics, however, is
rather surprising and is a phenomenon that has not yet
found¥a ‘gadt isfactory explanations

"The sécond process mentioned above is the only one
Possible for mass production but requires rather expensive
molding apparatus for experimental purposes and, for pro-
ducing reliable results, also a great deal of technical
experience in this field.

Results of Investigations in and outside of Germany

It cannot as yet be predicted whether it is possibdle
by intensive investigation, disregarding all desirable
electrical properties, to improve the strength properties
of the plastics to such an extent that a practically uti-
lizable material for airplane construction will result.
Figure 5 shows the strength coefficients for a synthetic
resin with wood flour or shavings filler as prepared for
use in electrical applications. TFor comparison the values
for spruce as used in airplane corstruction are given in
the last column. From comparison of the strength coeffi-
cients referred to the specific weight, it may be seen
that pure synthetic resin does not at all meet the reguire-
ments while the phenol plastics with wood flour or cut-
tings filler approach some of the values for wood. (See
o_p and OB") The elasticity modulus, however, is about

0 percent lower and the specific impact strength as much
as 50 to 80 percent lower than the corresponding values

for the spruce. This does not mean, however, that by suit-
able fillers and resin mixtures as well as by proper mold-
ing conditions 1t may not be possible some day to achieve
great progress. Unfortunately, there exists no systematic
investigation in. this field. How great a change in 1550 0)ond
erties of the material may be expected with changes in the
component parts is shown by figure 6, where the change in
the compression strength has been plotted as a function of
the percent of filler. There is as yet, however, no answerT
to the guestion of just what havprens when various resin or
filler mixiures are used, ZEssentially the same questions
may be asked in the case of the laminated resinoids. Here,
too, the synthetic material industry has not received guf-
ficient stimulus on the part of the construction industry
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or those interested in light structures to proceed with a
broad and systematic approach to the solution of the prob-
lem. Therefore, it is only possible here to enumerate

the characteristic properties of the synthetic materials
that have been developed for application to the electrical
field. TFrom several tests that for some years have been
conducted at the DVL, however, some conception can be
formed of what increase may be expected in the mechanical
properties to practical values applicable to st ructures.

Figure 7 gives the mechanical properties of the lam-
inated plastics that are on the market today, namely,
those of synthetic resin paper, synthetic resln fabric,
and synthetic resin veneer and, for comparison, the prop-
erties of spruce and plywood. In the production of these
materials the paper or fabric sheets or the individual
wood veneers are impregnated with synthetic resin solu-
tions~- for example, bakelite A - and after drying (eis B 5
after evaporation of the solvent) are laminated in the
manner desired and compressed under suitable pressure at
the required setting temperature. ALl the strength coet=
ficients rise considerably as compared with the values of
the unlaminated materials. The ratio strength/specific
weight, which is of special significance for light struc-
tures, not only attains the corresponding values for ply-
wood but considerably exceeds them as well as those 8o 1
airplane spruce. As compared with duralumin, the values
sti1l1l lie below although the tearing length, on account of
the 50-percent lower specific weight, 1is the same. The
elasticity modulus in the most favorable cases is onle one-
third that of duralumim, Wwhile the impact strength cannot
as yet be compared with that of the metal (fig. 8).

It should be remembered that these materials have
been developed for the field of electrical industry only.
Through a change in the molding pressure alone, as far as
this can be done in present-day practice, 1t 1is possible
to attain a considerable increase in the modulus of elas-
ticity (fig. 9). By embedding suitable raw fibers, con-
siderable increase in strength may be attained as well.
Thus, in the tests conducted by the DVL, with fibers of
agave, sisal, and aloe, a synthetic product was produced
whose figure of merit U/V already attained the corre-
sponding values for high quality metals (fFig. 1@9% "TBS
modulus of elasticity is about three to four times as
great as the modulus of the normal commercial synthetic
product. In the case of one material, whose specific
weight is only half that of light metal and whose elastic-
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ity modulus is a third to almogt half that of the metal, a
material has resulted that is capable of entering into
competition as compared with present products. Since, for
example, in computations on the stiffness in stressed skin
Bonstruction, it is not the walue G/Y, but rather the

magnitude NCV" that is of chief  signifitcance, the compar-

ison with other materials is even more favorable for the
synthetic materials.

The wva

h

al s go far obtained do not by any means repre=
sent. the hik

st attainable. Through the application of
various dev g in the process of manufacture of the plates
further pro ss may be achieved as is shown by the most
recent investigation results obtained at the synthetic
regin laboratory of the "Aero Research" in England. Tifs
for example, in the process of manufacture of the plates
o@ other forms. the fabries used for the filler are sub=
Jected to an initinl stress, an increase in the modulus of
elagticity of from 25 to 30 percent is possible although

at thc expense of the teasile strongth.
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As a specially wvaluable property of the synthetic res-
ing, there is still to be mentioned the great vibration
property which has up to the presecat been investigated in
isolated cases only. According to tests the ratio of the
damping capacity of stecl to that of synthetic resinoids
dg as 12140. This property of the material is a very fa-
vorable one in airplane construction in that undesirable
and often dangerous rcsonance vibrations are almost com-
pletely sapprcmsed.

Endurance Strength

On the ability of the synthetic materials to withstand
continuous static and dynamic loading, only meager data are
availables I his connection, it is of interest to note
that the synthetic material boaaves better than spruce.
Whereas the latter is ruptured under a continuous loading
of about 60 percent of the short-time load, the synthetic
regin fabric can bear about 78 percent of tno short-time
rupturc load.

Bending Tests
As far baek as five years ago, circular and plane

bending tegts were conducted at the DVL to determine the
dynamic cndurance strength. The circular bending tests
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(fig. 11) were carried out with the Schenk continuous bend-
ing machine and gave useful results only when certain spe-
cial conditions were maintained. This also explains why
similar tests elsewhere gave greatly deviating results, and
the data of various investigators on the endurance strength
of synthetic resins fluctuate between 35 and 65 percent of
the static tensile strength.

More recent tests conducted at the Technical High
School at Darmstadt give a ratio of 0.25 to 0,35, but this
value should also be too high as shown by the tests recent-
ly econeluded at the DVL. "4 difficulty ia the determinas
tion of the endurance strength is the disorganization of
the material during the tests - a phenomenon that has not
yet been more closely investigated. It was therefore nec-
essary to find a test procedure which would give a numer-
ical indication of the start of rupture within the mate-
rial optically not evident from the outside. A rod in the
condition as supplied was subjected to a static bending
load 2nd the elasticity modulus determined within a load

range of O to- fa Ogi. The rod was next subjected to con-

tinuous bending tests beginning with a stress lying below
the continuous strength 1limit anticipated. The elasticity
modulus was determined after about every 50,000 alternat-
ing loadings and the load then increased by a small amount.
At 2 definite stress the load began to decrease after the
first 1,000 alternating loads. The number of 50,000 alter-
nating loads was chosen since preliminary tests showed

that the decrease in load after this number of loads was
always below a certain order of magnitude.

The values of the elasticity moduli thus found are
plotted on a coordinate system with abscissas giving the
alternating stress and ordinates the modulus of elastic-
b ye, ) san desl securve ds  thusiiebbslined (fig. 12 Ye Since the
first point already gives the smallest drop in the modu-
lus, the curve through the intersection with the horizon-~
tal passing through the points of equal modulus of elas-
ticity will give, with a high degree of accuracy, that
alternating load below which there is no disorganization
of the material. This stress is the endurance strength
1imit,

Figure 13 shows the endurance limits that were ob-
teined by this method for synthetic resin paper, synthet-
ie resin fabric, and synthetic resin wveneers.
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Cell Wool (Zellwolle) in Place of Cotton Filler

Since up to the present, paver or cotton fabric and
also linen fabric have always been employed the DVL, work-
ing in cooperation with the industry, sought to exchange
the cotton for "cell wool'" and the results of these tests
are vresented on figure 14 and show that not only a small
addition but even a 100-percent cell-wool content as fil-
ler may be used to advantage.

Previous Tests on Constructional Parts

For some years tests have been conducted by the DVL
with the object of applying the synthetic resins to air-
craft construction. 4 few years ago a model spar was con-
structed (fig. 15) containing a whole series of glued sur-
faces. On account of the difficulty experienced at that
time in efficiently gluing synthetic resins, it was found
impossible to produce failure of the spar in bending with-
out at the same time producing a slippage of the glued
surfaces (fig. 16). It was therefore necessary to rein-
force the binding of the glued surfaces with wood screws.
A spar of this type had about the same rupture load as a
wooden spar of the same weight that was constructed for
comparison, yet the bending was about 40 percent greater.
To what extent this small stiffness should be attributed
to the rather poor joining of the glued surfaces, will not
beigone into here.

In another test the rudder unit of a He 45 was con-
structcd of synthetic resin instead of light metal. Again
it was seen on loading the unit (the tests were carried
out at the static testing division of the DVL) that the
stiffness of the synthetic resin structure was considera-
bly lower than that of light metal. The method of con=-
struction, however, did not do justice to the properties
of the synthetic product since, in imitation of wood con-
struction, pipes, angles, sections and plates were joined
to one another instead of having the entire rudder, or at
least parts of it, made of one piece.

Present Application to Aircraft Construction
What actual application has been made up to the present

of the synthetic resins? In the manufacture of high quality
plywood, even out of beech, synthetic resin glues only are
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admissible. Recently, kaurit hes entered the field as a
glue in the manufacture of plywood. i

a8

further in the combining of extra thin wood

ynthetic resins, are the synthetic resin ve~
on figure 17, which are alrcady manufactured
1Hies] and® used¥a s naterials for bo yrings gnd
I these materials, according to experience
gaincd bz the DVL, may be rellmbly gluecd by means of kaurit
and combine the good properties of both the wood and the
synthetic resin, it may be assumed that they will one day
find application to parts subjJect to high stress.

Synthetic resins are used also for such applications
where other materials were found to be inferior on account
of too high specific weight, danger from fire, manufactur-
ing difficulties, or similar reasons. The application of
the synthetic product was limited, however, to construc-
tional varts not sudbjected to any appreciable mechanical
strese and the failure of which would not endanger the air-
craft. Board instruments have for years been provided
with synthetic resin casings instead of the light-metal :
casings formerly used. The unpleasant characteristics en-
countered in the touching of two materials of different
electric votential in screws, shut-off cocks, junction «
boxes, etc., were all eliminated at one stroke when the
synthetic resin was used.

In none of the above cases was the synthetic resin
product ever part of a fcrc ~tranemitting structure. Thal
synthetic resins are very well suited, however, for struc-
tural parts of maximum mechanical stress is shown by the
micarta propveller that has been used for years and whose
manufacture in modified form has been resumed by the De
Havilland works (fig. 18). Whether or not propellers weldk 1
be manufactured out of synthetic products, depends entirely
on the number of units the market will absorbd since a small
demand can never justify the cost of the molds and mechan-
jcal installations of a micarta plant. It may be expected
that with the use of the embedded sheets for controllable
propellers and with the attainment of desirable simplicity
and uniformity of propeller types, extensive application of
the synthetic resins in this field 1s entirely probable,
The svathetic product has already been used as a structural
material in o highly stressed member in German airplanes.

A factory in Hanover, for example, has developed an adjust-
able hub of laminated synthetic resin for an SH 14-A motor
Figure 19 gives the values of the ststic properties of the
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material used. Dynamic oscillation tests gave surpris-
ingly good results on this hub. Other factories of the
industry are busying themselves with the development of
certain airplane structural parts that could be turned out
in large quantity. If the specific properties of these
newer working materials are properly considered and the
mode of construction of the materials correspondingly
suited, it is to be expected that the ch&nces of success

in their application will be considerable. The greatest
danger to which the application of these new constructien
materials ig exposed is still to be Ffound in prejudices,
false applications, and designs not suited to the material.
It is too early as yet to picture a larger structural men-
ber, for example, a wing as being constructed entirely of
Plastic material, yet it is certain that the next few years
will see an extensive application of the synthetic resins
in aircraft construction sinece in all industrially devel=
oped countries, this problem is being most energetically
attacked.

Pransl atdion by Se Reisg,
National Advisory Committee
for Aeronautics.
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Figure 3.- Plastics and their fillers used at the present time.
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g Eiller,
Molding pressure 157 ke/em® | 314 ke/en?| 630 kefcem®
E modulus in tension [4900C " 58,000 7. 000
E modulus in bending | 53,000 " B2, 6EoNY 77,000 "
Tensile stress 52t 453 " 423 "
Spec. wt, 1.46 ‘_e;/cm:3 1.46 g/cm3 1.44 g/cm3
300 =
xe/em® | {30 i
sl AJ/_J,//Lﬁ

100 iy

T

0 Q200G .4 0]

Pereent jstrai

8 0.8

n.

Figure 9.- Strength of synthetic resin fabrics at

various high mold

ing pressures.
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”MSyn~ Syn - Syn- i 4
thetic | thetic|thetic |[Spruce|Birch
resin resin |resin ply-
paper fabric|veneers wood
Specific weight 1 1e 85 leo=153 0)315) Qe 1
kg/dcn3
Tensile strength 14010 700 2000 1000 900
kg/cn®
Compressive strength 1670 1800 1600 500 400
kg/cm®
Bending strength 3000 1430 2700 800 800
ke/cm®
Specific impact work 54 46 90 50-~100| 20-50
cmkg/cm?® |
Elasticity modulus 125000 66000 [240000 |110000(100000
ke/cm®
Op/Y 120 5 2 15 20 15
§_B/Y 1250 13.3 13 10 5
Op1/Y 2le.4 10.6 22 14 10

Figure 7.- Strength values of laminated synthetic resins.
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Fibrous materials Agave Agave Sisal Aloe
Unrav-
Condition Threads eled Stretched fibers
threads
Tensile strength 1260 2100 3200 2260
kg/cm?
Compressive strength 1320 1320 1330 1250
kg/cma
Bending streangth 2590 3240 3050 2980
kg/cm®
Elgsticity modulus 265000 248000 313000 221000
kg/cn®
Impact gstrength - 240 - - 533
cnke/ cn?
—— h— —— ———
Specific weilght L e 1,30 Ye b7 1566
kg/den®
On/y 1049 15.4 23.4 1646
G—B/Y 110 959 99 92
Og1/y 2156 2853 2280 2l s
/ #

Figure 10.~ Synthetic resins with raw

fiber fillexree
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FPigure 11l:- Circular beniling
tests with syn-

thetic resins.

e

Synthetic resin paper
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Mx——x % =X _ - :
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Alternating loads

E

Figure 12.- Determination of endur-
ance strength of syn-
thetic resins through short time tests

Endurance beniing

strength of synthetic
resins determined by short time
continuous bending tests.
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Figure 14.- Strength coefficients of synthetic
materials for varying cell wool
(zellwolle) content.




N.A C.A. Technical Memoranium No. 841 Figs.15,16,18

Figure 15.- Dimensions of built up spar of synthetic

resin materials.Flange of pressed paper
with pressed on veneer layers. Web of 5-ply pressed
birch veneers with outer fabric layers. Joining with
synthetic resin and wood screws.

Figure 16.- Showing failure of synthetic resin spar.

Figure 18.- Section through micarta propeller.
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I IT S Iv g
50-ply Birch Increase 100 paral-
Birch-{vircaweod |50-ply in percent |lel lami-
Properties wood iglued with|impregnated as compared|nations of
film (6 and compressed|with all dbirch
transverse! (6 traasverse [wood veneer
layers) layers)
1. Specific weight v (0.67 10 a2 =81 0l 18
2. Tensile long. |1380 1220 2090 +51 2250
strength trans. 75 383 415 + 455 -
op kg/nm?2 . ..
3. Compressive long. 700 1150 1620 +132 %50
strength trans. 10) 540 835 +830
=5 Wi |
4, Bending long. [1400 2200 'i 2880 +108 3540
strength trans. | 100 | 550 580 +480
Ogp1 i
——— i e = cudlh;
5. Modulus of long. |160000! 215000 | 258000 +61 311000
glagbic'ty trans. 5800 | 48000 70000 + 1100
E kg/cm? |
6. Shear rodu- long. £000 | 15000 15400 +92 -
lus G kg/cnf trans. i 12200 -= -
7. Alternating I
bending
strength oy
kg/cm? long. 240! - 760 +124 —
2. Specific | Sl o
impact work long. i 130 | 85 104 -20 —-—
cnkg/cm®  trans. 4! 15 12 +200 -
9. Percent i A
moisture |
taken up !
after 50
hours 43.3| 8.0 3.0 -93.5 --
(jB/Y long. | 40.5~{ 1c.8 LZe0 -15.3 9.6
trans. Led 3.8 3 .35 + 200
e P B L . o L .
O_g/Y long. 1036 | 1145 | 13.4 =18 1552
: trans. 1.8 945 i 6sS + 430 —c
S e . : _MMT_“_mm~m;~__mm.
Op1/v long. 21.0; 22.0 ; 23, +13.4 30.5
g trams, | 1.5| 5.5 | 4.8 + 220 -
- long. 2400 | 2150 | 2150 ~-14 2600
trans. 87ml. 480 580 +570 -
Gy lang. 120 | 150 127 $5 -
Ow )y long. 5.1 1  ~- 6.3 +28.5 -
L

Figure 17.- Mechanical properties of developed synthetic resin products as
compared with wood,
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Lowest | Highest Mean
value value value
Specific weight (g/cm®) 1,38
Tensile strength (kg/cm?)
472 814 645
i laminations
Compressive strength (kg/cm?)
I laminations 1480 1660 1600
l laminations 2620 2780 2670
Beveling strencth (kg/em?)
| laminations 912 1660 HEEH
Specific impact work (cmke/cm?2)
I laminations 1156 20.0 1649
l laminations 1846 245 19,7
E modulus (bending)
= = 118000

| laminations

Figure 19.~ Strength coefficients of laminated plastic
using paper filler.




