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

By K. Rlechers

In aircraft constructlion accurate knowledge of the

strongth properties and behavior of the construction ma-
terial in actual operation 1s of essential lmportance.
An attempt will therefore be made iIn what follows to gilve
a brlef review of the properties that have been attalined
with the synthetic materials with which we are at present
famillar.

Obtainling the Synthetic Resins

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

carbon and alir - that is, raw materials which are obtaina-
ble in sufficlently large guantities to satisfy a demand
even several times as great as the present one. Through
the mutual actlon of the lime and carbon at high tempera-
tures, calcium carbide is obtained and this combined with
water ylelds acetylene. The latter 1s the starting mate-
rial for a large number of products of the chemical in-
dustry, such as medicines, dyes, lacquers, solvents, fuels,
synthetic rubber, etc. By polymerization of acetylene ben-
20l 1s obtained and from the latter phenol, which 1s a com—-
ponent of synthetic resin.

From glowing carbon and atesm carbon monoxide and hy-
drogen are obtailned, and with the aid of pressure convert-
ed into methanol which serves as the starting point for
formaldehyde, the second component of most eynthetlc res-
ing. PFrom phenol and formaldehyde, with the aid of con-
densating materials and catalytics, phenol resin 1is ob-

*"Funststoffe im Flugzeugbau - Ihr Aufbau, ihre Eigep-
schaften, heutiger Stand der Forschung und die Moglich-
keilt ihrer Verwendung im lLeichtbau." Iuftwissen, vol.
4, no. 8, August 1937, pp. 235~-242, ' -
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tained which, with the addition of flllers, described be-
low, ylelds eilther 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 stats. The final product of the set~
ting process 1s phenol formaldehyde in the C. or resit
state. Whereas in the resol state the resin is easily
8oluble in many solvents such as alcohol, acetone, etc.,
in the resitol state the resin 1s 1insoluble, doea not
fuse, and is highly resistant chemlically. If the phenol
resin, therefore, while 1n state A4 1is comdined with gol-
vents (see fig. 1), it is possidle to obtain lacquers,
impregnating materials, and binders in liguid form,

The second large group of eynthetic resins - the
carbamide or urea reslns - are obtalned by the action of
formaldehyde on urea in the pressnce of catalytic agents.
(S8ee fig. 1l.) By the addition of certain fillers to the
urea resin the amino plastics are obtained materials which
find increasing application. The setting of phenol or
nrea resln under the action of heat 18 successfully util-
ized in gluing high quality plywood sheets. The general
application of heat would be sufficlent for the solidifl-
cation of the synthetic resins if 1t were not for the sep-
aration of gas inside resulting in a completely porous
materlial of no value for. technical applications. It is
only through the simultaneous application of pressure,
which must amount to 300 kg/cm8 (4,267.05 1b./sq.in.)and
more, that sultable materials may be produced.

Fillers

The pure synthetic resin always 1s only a starting
material for the final resinoid product. 1In only.a few
isolated cases - for sxample, for ornaments or Jjewelery
is the pure synthetic resin iteelf an end product. In
moet cases the flnal synthetic materisl 1s obtained by
combining the original resin with some other material, the
so-called filler. (8See fig. 2.)

By combdining the synthetic resin with the filler, a
product having propertles not possessed by elther of the
two component materials is obtalned. Thus, for example,
the pure synthetic resins have too great brittleness and
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not sufficient toughness to find application as structural
material iub;eet to any.appreclable stress.  Similarly the
fillers could never by themselves be employed as structur-
al elements designed to take up forces. The properties of
a synthetic resinoild 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. 1In the further fabrication of the synthetic
material, only certain fillerse can be used with a given
fabrlecation proceag. Thus plates can be obtained by apply-
ing successive -layers of paper or fabrie ‘shqets. To ob-
tain a gaod plate it is necessary, however, to distridbute
the filler.so that its individual parts flow together with
the resin and so, for example, 1lnstead of 'fadbric sheets or
wood veneers, fabric cuttings or wood flour 1s employed.

According to the form of the flller the plastics may
therefore be divided into laminated and nonlaminated or -
molded varisties. The lamlnated 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, poeslible to fabricate the molded plastice into
plates or sheets or fabricate molded parts from laminated
plastics. The latter today are of the greatest importance
for the constructlonal parte of ‘airplanes.

Tyves of Synthotic Resin Products

The laminated and molded resinold products have been
standardized into. various types .and classes. (See DIN
7701.) To the molded products belong the so-called phenol
plastice, that 18, the synthetic resinoid products whose
base 18 phenol or cresol; for example, type S,T,M, and the
amino plastics, type K - that is, synthetic materials
wvhose basse is carbamide resin (urea formaldehyde). The
chief classes of the laminated resinoide aro the resinoid
papers of class II and resinoid fabdrics of classes G and T
with coarse or fine fabriec inlays. .

In addition to the "thermo-setting®” resinoids there
is the large, almost dally: increasing, number of polymer-
ized- "thermoplaastic" resinoids. which, in contrast to the
phenol plastice and amino plastlics, may be fabricated in
the soft state under the action of heat and may even be
die cast. For alrplane comnstruction the thermoplastic
resins are as yet of no importance since their properties
hardly satisfy the requirements set upon them. - They are
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employed mostly in electrical applications since theilr
electrical propertles are generally of a high order.

Possibilitlies for Constructional Applications

For light-structure application, particularly for

‘airplanss, there remain only the molded and lamlnated syn-

thetic resing. Of the molded products, only very few will
be found at present sultable for application to airplane
construction. Figure 3 shows the molded rsesinoild materi-
als with their fillers that are used at present. The min-
imum strength properties of thesse plastlica, according to
the VDE specifications, are relatively low since these
products have been developed for the fleld of electrical
application only. 48 a result, the molded plastice found
on the market are as yet unsuitabdle as regards strength
for most purposes in airplane construction. Only the
laminated resinolds have at present any chance of entering
into competition with other structural materials.

There are two posslibilitlies in the preparation of
constructlional parts from synthetic resine:

Followlng the method of wood construction the struc-
tural parte may be produced out of plates, tubes and rode
through sultable glued Joints, or molds may be used, in
which case the fliller 1e impregnated with aynthetic resin
and the synthetlc resln setas during the molding process.

The first process has the advantage in that no ex-
pensive molds are regquired and the usual commercial "semi-
manufacturing” process may be used. 48 compared with wood
construction there is the disadvantage, however, that the
structural part 1s heavier although of higher strength

[(g) < (g) . The advantage of a s8lngle molding
Y resln. i wood

procees 1is not utllized and hence also the advantage of
laying the fibere of the filler in the direction of the
stresss On the other hand, there 18 the impossibility in
constructing alrplane parts from synthetic materials of
dispeneing entirely with gluing. A4 considerabdle number of
tests therefore have been conducted with the object.of
finding a sultable binding material. Among others, it was
found that urea resin glue, kaurit, was gquite sultable.

Flgure 4 shows the strength of glued Joint attainable
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wlith the two types -of joints illustrated. In the case of
synthetic resin paper the strength of the Jjoint 1s compar-—
‘able” with ‘thdt of good déprucds, gnd 'in the case ‘6f the syn-
thetle resin veneers, sven considerably higher. -The low
strength of Jolnt of synthetic resin fabrics, however, 1s
rather surprieing 'and 1s a phenomenon that haa not yet
found a satlsfactory explanation.

‘The second process mentioned abové 18 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
experlence in thia field.

Results of Investigations in and outeside of Germany

It cannot as yet be predicted whether it is possidle
by intendilve investigation, disregarding all desirable
electrical ‘properties, to improve the strength properties
of the plastice to such an extent that a practically uti-
lizable material for airplane construction will result.
Flgure 5 shows the strength coefficlents 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-construction are given in
the last column. From comparieon of the strength coeffi-
clents referred to the specific weight,. 1t may be ssen
that pure synthetic resin does not at all meet the require-
ments while the phenol plastics with wood flour or cut-
tings filler approacn some of the. values'for wood. (Seb
O.g &nd 0p,.) The elasticity modulus, however, is about

50 percent lower and the apecific impact strength as much
as 50 to BO 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 conditlions it may not be possible some day to achieve
great prpgress. Unfortunately, there exists no systematic
investligation in thie field. How great a change in p-rop-
ertles of the material may be expected with changes in the
component parte 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 answer
to the question of Just.what happens when various renin or
fliller mixtures 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 suf-
ficlient stimulus on the part of the construction indusgtry
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or those interested in light structures to proceed with a
broad and systematic approach to the solution of the probd-
lem. Therefore, 1t 1s only possible here to enumerate
the characteristic properties of the synthetic materials
that have been developed for application to the slectrical
fleld. PFrom 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 aetructures.
. +- .
Figure 7 gives the mechanical properties of the lam-
inated plastics that are on the market today, namely,
those of synthetic resin paper, synthetic resin fabdric,
and synthetlc 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 veneerp are impregnated with synthetle resin solu-
tions~ for example, bakelite A..- and after drying (1.0.,
after evaporation of the solvent) are.laminated in the
manner desired and compressed under suitable pressure at
the required setting temperature, All the strength coef-
ficlients rige conglderadbly as compared with the values of
the unlaminated materials’. The ratio strength/specific
weight, which is of speclal significance for light struc-
tures, not only attains the corresponding values for ply-
wood but consideradbly exceeds them ae well as thoss for
airplane spruce. 48 compared with duralumin, the values
still l4ie below although the tearing length, on account of
the 50-percent lower specific weight, is the same. The
elastlicity modulus in the moat favorable cases 1s 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 fileld of electrical industry only.
Through a change in the molding pressure alone, as far as
this can be done in present-day practice, it 1s possidble
to attaln a considerable increass 1n the modulus of elas-
ticity (fig. 9). By embedding sultadle raw fibers, con-’
slderable lncrease 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 filgure of merit G/y already attained the corre-
sponding values for high quality metals (fig. 10). The
modulues of elasticity is about three to four times as
great ag the modulus of the normal commsrcial synthetic
product. In the case of one material, whose specific
weight 1is only half that of light metal and whose elastic-
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ity modulus is a third to almost half that of the metal, a
material: has resuwlted that is capable.of entering into
competitlon as compared with present produects. Since, for
example, in computations on the stiffness in stressed skin
construction, 1t 1s.not the wvalue G/Y, but rather the

.- 3
magnltude “Cg: that 1s of chlef signlificence, the compar-

lson with other materlials 1ls even more favorable for the
_synthotlic materials.

The values so far obtained do not by any means Trepre=
sent the hlghest attalnable. Through the application of
varioue dovices in the process of manufacturec of tho plates
further progress may be achieved as 1s shown by the most
roecent lnvestigation results obtalned at the synthetic
resin laboratory of tho "Aero Rosearch" in England. If,
for example, 1ln the process of manufacture of the vlates
or othor forms the fabrics used for the fillor are sub-
Jectod %o an 1initinl stroes, an increassc 1ln the modulus of
clasticlty of from 25 to 30 percent is possible although
at thc oxpeonso of the tensile strongth.

As a2 specislly valuable proporty of the synthotlc res-
ins, thero 1s stlll to be mentioned the groat vidbration
proporty whlch has up to tho proscat beon investigated in
1solated cases only. According to tests the ratlo of the
damplng capaclty of stecl to that of synthetic resinolds
s &8 1:140. This property of the material is a very fa-
vorable one in airplane cohstruction in that undesirable
and ofton dangerous resonance vibrations are almost com-
plotely suppresded.

Irdurance Strength

On tho ability of the synthetic materlals to wilthstand
continuous stntic and dynamic loading, only meager data are
avallablo. In this connoction, it 1s of Interest to note
that the synthotic material behaveos better than spruce.
Wherees the lattcer is ruptured under a continuous loading
of about 60 porcent of tho short-time load, the synthetls
recln fabric can bear about 78 percent of ,the short-time
rupture load.

Bending Tosts
As far back as five years ago, cilrcular and plane

bonding teste wore conductod at the DVL to determine tho
dynamle ondurance strength. The circular bending tests
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(fig. 11) were carried out with the Schenk continuous bend-
ing machline and gave useful results only when certaln gpe—
clal conditlons were maintained. This also explains why
8lmllar tests elsewhere gave greatly deviating results, and
the data of varlous investigatore on the endurance strength
of synthetlc resing fluctuate between 35 and 65 percent of
the statlc tensile strength.

More recent tests conducted at the Technlcal High
School at Darmstadt glve a ratio of 0.25 to 0.35, but this
value should also be too high as shown by the tests recent-
ly concluded at the DVL. A difficulty in the determina-
tion of the endurance strength 1s the disorganization of
the materlal during the tests - a phenomenon that has not
yet been mmore closgely investligated. It was therefore nec-
essary to find a test procedure which would give a numer-—
ical 1ndication of the start of rupture wlthin the mate-
rial optlcally not evident from the outside. A rod in the
condltlon as supplied was subJected to a statlc bending
load a2nd the elasticlty modulus determined withln a load
range of 0 to fE Og:1- The rod was next subJected to con~
tinuous bendlng tests beglnning with a stress lying below
the continuous strength 1limit anticipated. The elastlicity
modulus was determined after about every 50,000 alternat-
ing loadlings and the load then increased by a& small amount.
At n definite stress the load began to decrease after the
first 1,700 alternating loads., The number of 50,000 alter-
nating loads was chosen since preliminary teste showed
that the decrease in load after thils number of loads was
always below a certaln order of magnitude.

The values of the elasticlty modull thus found are
pPlotted on a coordinate system with abscissas giving the
nlternatling stress and ordinates the modulus of elastic-
ity, ond a curve 1s thus obtained (fig. 12). Since the
first polnt already gives the smallest drop in the modu-
lus, the curve through the intersection with the horizon-
tal passling through the points of equal modulus of elas-
ticlty will glve, with a high degree of accuracy, that
alternating load below which there is no disorganization
oi the materlal, This stress is the endurance strength
limist.,

Flgure 13 shows the endurance limits that were ob-
tained by this method for synthetic resin paper, synthet-
ic resin fadbric, and synthetic resin veneers.
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Cell Wool (Zellwolle) in Place of Cotton Filler

‘Sihde Up "to the present, paver or cotton fabrle and
2also llnen rfabric 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 tesgts
are presented on figure 14 and show that not only a small
addlitlon but even a 1l00-porcent cell-wool contont as fil-
lor may be used to advantago.

Previous Tests on Constructionsal Parts

For gome yearse tosts have been conductoed by the DVL
with the obJect of applying the synthetlc resins to alr-
craft construction. A few years ago a model spar was con-
structed (fig. 15) contalning a whole serlos of glued sur-
faces. On account of the diffliculty experlenced at that
time in efficlently gluing synthotic resins, 1t was found
impossible to produce failure of the spar in bending with-
out at the same time produclng o slippage of the glued
asurfacos (flg. 16)s It was therofore necessary to rein-
force the binding of the gluod surfaces with wood screws.
A spar of thilis type had about tho same rupture load as a
wooden spar of the same weight that was constructed for
comparison, yct the bending was about 40 percent greator.
To waat extent this small stiffness should be attridbuted
to tho rathor poor Joining of the glued surfaces, willl not
be gone lnto here.

In another tost the ruddor unit of a Ho 45 was con-
structad of synthetle resin instead of light metal. Ageln
1t was seen on loading the unit (the tests were carried
out at the static testing division of the DVL) that the
stlffness of the synthotic resin structure was consldera-
bly lower than that of light metal. The method of con-
struction, however, dild not do Justice to the properties
of the synthetlic product since, in 1mltatlon of wood con—
struectlon, plipes, angles, sections and plates were Jjolned
to one another ilnstead of having the entire rudder, or at
least parts of 1t, made of one plece.

Present Application to Aircraftmboﬁstrudtioﬂ

What actuel 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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edmlsglible. Recently, kaurit has entered the fleld as a
glue in the manufacture of plywood.

A step further in the combining of oxtra thin wood
venoners wvith synthetic resins, are the synthetlc resin ve-
necrs, listed on figure 17, which are alrcady manufactured
in large ouantitios and used as matorials for boarings and
plinions. Sincc *these materinls, according to experienco
galncd b~ the DVL, may bo reclirdly gluod by moans of kaurilt
and conbino tho good propertios of both the wood and the
synthetle rosin, it nay be assumed that thcy will one day
flnd avplication to varts subject to high stress.

Synthetlc resins are used also for such applications
where other materials were found to be inferior on account
of too hlgh specific weilght, danger from fire, manufactur-
Ing difflculties, or similar reasons. The apolication of
the synthetic product was lirited, however, to construc-
tlonel varts not sudjectsd to any appreciable mechanical
stress and the fallurc of which would not endanger the air-
ecraft. 3Board ilnstruments have for years bcen provided
with synthctlie resln casings instead of the light-metal
caslngs formerly used. The unpleasant characteristics en-
countered in the touchling of two materlals of different
electric notential iIn screws, shut-off cocks, Jjunctlon
boxes, etc., were all ellminated at one stroke when the
synthetle resln was used.

In none of the above cases was the synthetlic resin
product ever vart of a force-transmitting structure. That
synthetle resins are very well sgulted, however, for struc-
tural perte of maximum mechenical stress 1s shown by the
micarta propellsr that has been used for years and whose
manufacture in nodifled form has been resumed by the De
Havillend works (fig. 18). TWhether or not propellers will
be manufactured out of synthetic products, depends entirely
on the number of units the market wlll absord since a small
demand can never Justlfy the cost of the molds and mechan-
icel installations of a mlcarta »lant. It may be expected
that with the use of the embedded shests for controllabdle
propelilers and with the attalnment of desirable simplicity
and uniformity of propeller tyves, extenslve appllcation of
the synthetic resins 1n thls field 1s entlrely probable.
The synthetlc product has dlready been used as a structural
materlal 1n g highly stressed member in German alrplanes.

A factory in Hanover, for example, has developed an adjust-—
able hudb of laminated synthetic resin for an SH 14-A motor
Flgure 19 gilves the values of  the ststlc 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
certaln airplane structural parts that could be turned out
in large quantity. If the specific proverties of these
newer worklng materlals are properly considered and the
mode of construction of the materials correspondingly
sulted, it is to be expected that the chances of success

in their application will be considerable. The greatest
danger to which the application of these new construction
materials 1s exposed is stlll to be found in preJudices,
false applications, and desligne not sulted to the material.
It 18 too early as yet to pleture a larger structural mem-
ber, for example, a wing as being constructed entirely of
Plastlc nmaterial, yet it 1s certaln that the next few years
wlll see an extensive application of the synthetic resins
in alircraft construction since in all industrially devele
oped countries, this vproblem is being most energetically
attacked. '

Translation by S. Reiss,
National Advisory Commlttee
for Aoronautics.
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Tensile |Compres- [Bending |Impact |Elas-
- - - -] Btrength sive strength| strength|ticity
Compo- |[Nota-|Weight strength modulus
sitlion |tioi gg o-B opt a B
kg/dm® | rg/cmd kg/cm8 kg/cm® |cmkg/cm?| kg/cme
pinimum { minimum |minimum |minimum |{reforence
value
Phenol
plastic 55000
a) with 8 l.4 250 2000 700 6 to
organic 80000
filler
(wood
flour)
b) with T l.4 250 1500 600 12 70000
organic to
textile 100000
c) with| 1 1.8 250 1200 500 3.5 90000
organic to
filler 150000
d) with M 1.8 250 1200 700 15 90000
organic to
textile 160000
Amino 50000
plastic| K 1.5 250 1800 600 5 to
with 100000
organic
filler

Flgure 3.~ Plastlicse and thelr flllers used at the present time,
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- Condition Strength kg/cm®
Material of limite average
specimen
=== sl Bevel joiats 1:4
Synthetlc resin dry 133 to 163 144
paper sheets wet 111 to 159 137
Synthetlc resin dry b3 to 64 60
fabric sheets wot 47 to 63 556
Synthetic resin dry 311 to 243 222
veneer plates woet 80 to 120 107
-2 =10
e e Overlapping Jjolints
2-3 mm
Synthetic resln -
Larer sheets dry 43 to 62 53
Synthetic resin dry 52 to 87 64

veneer plates

|

Flgure 4.- Strength of glued Jjoints of synthetic resin
materials.
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Pure Wood Cuttings _
- - - syn- flour filler Pine
thetie flller wood
. resain type S type . T
Specific welght 1.3 l.4 1.3 0.5
kg/dem®
Tenslle strength 200~400 400 500 1000
kg/cm®
Compressive strength 1000 2000 2000 500
kg/cn?
Bending strength 450 950 1200 800
kg/cn®
Speclific lmpact work 4-8 8-~10 20-30 50100
cmkg/cm®
Elagticity modulus 27-35000 | 40-50000 | 40-50000 | 110000
kg/cm®
GB/Y 1.,5~3 2.8 4,0 20
O-B'/'Y 3.5 6.8 9.3 14.0

Figure 5,~ Strength coefficlents of synthetic resin plas-

tics,
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plastics using wood flour
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entages

¥igs.6,8,9
enke/ cn® .—{ Synthetic resin
100 1l paper
= If Impact
80 _20U°Cdi1am nations
N " ynthetic resin
60 |- fabrics

-50 14

-
E;?zpthetic rasin
eI

% pap

R “MImpactilaminations

C “Molded resin
ﬁ — "I"' - Cast resin

50 100 °c

Test teﬁperature

Figure 8.- Impact strength of

synthetic resins at

varlous temperatures,

Holding pressure 157 ke/cm® | 314 ie/cm®| 630 kg/cm®
E modulue in tenslon |49000 " 58,000 " 70,000 "
% modulue in bending [53,000 " R2,000 " 77,000 "
Tensile stress 525 " 53 " 423 "
Spec. wt. 1.46 g/cm3 1.46 gfcm® |1.44 g/ cm®
300
kg/ cm® Lol A5
200 ; // 147
A
100 ///V/
/
0 0.2 0.4. 0.6 0.R

Perceﬁt.strain.

Flgure 9.- Strength of synthetlic resin fabrics at
variocus high moliing pressures.
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Syn- Syn- Syn-
thetlec | thetic|thetle |Spruce|Birch
resin reglin |resin ply-
paper fabrlc|veneers wood
Specific weight l.4 1.35 l,0-1,3 0.5 0.7
kg/dem3
Tenslle strength 1700 700 2000 1000 900
kg/om?
Compressive strength 1670 1800 1600 600 400
kg/cm®
Bending strength 3000 1430 2700 800 800
kg/cm®
Specific impact work 54 46 90 50-100| 20-50
cmkg/cm®
Elasticlty modulus 125000 66000 |240000 |110000[100000
kg/cm2
GB/y 12.1 5.2 15 20 11,5
G_B/y 12,0 13.3 13 '10 5

Figure 7.~ Strength values of laminated synthetic resins.
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"Fibrous meterials Agave Agave Sisal Aloe
Unrav-
Condition Threads eled Stretched flbers
threads

Tenslle strength 1260 210C 3200 2260
kg/cm?

Compressive strength 1320 1320 1330 1250
kg/cm®

Bending strength 2690 3240 3050 2980
kg/cm?

Elasticity modulus 265000 248000 313000 221000
kg/cn® :

Impact strength -— 240 - 533
cnkg/ cn®

Specific wcight 1,2 1.30 1,37 1,36
ke/demd

UE/Y 10.5 15.4 23.4 16.6
o_3/¥ 11.C 9.9 9.9 9,2
Opiry 21l.6 23.8 22,3 21,9

Flgure 10.,~ Synthetlc resins with raw

fiber flllers.
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1,000 Figure 11.- Circular beniing
2 tests with syn-
o
kg/BOO \ thetlc resins.
- 600 Ny
\‘ _}+Synthetic resin paper
2 \ O
o 400
i “B} . --Synbhetic reein fab e
0 200 |~ A A A -
0 _ - ,{Pure synthetic reein
104 10° 106 107
Alternating loads . T

E
Figure 12.- Determination of endur-
ance strength of syn-

thetlic resins through short time tests

1400
'aynthetic regin la
1200— ___%
o I
1000 }
B syathgtic veinn o
L =
& 80 <Syn{hetic 941'1 I'.szic\ |
T 600 —] Tigure 13.- Eniurance beniine
400 a L‘Bg strength of synthetic
z T ea T resins determined by ehort time
B g i | continuous veniing tests.
a2 5
8 L 1]
@ 0 1 2 3 &
Bending etress ———x’kg/mm2
cm]s:‘s_:/cn:L2
50 = £~y s oy S Force parallel
Impact strength 30~ = ~ to laminatlione
5g/mn2 » -] L i s B
2
Endurance strength Coarse fabrilc
qpp . — — —Fine fabric
E modulus, kg.‘/mz 600 N P ey e
kg/m -t . i B =1 =t =
12 ]
Bending strength b 1=
8
o 40 80

Cellulose content,percent.
Figure l4.- Strength coefficliente of synthetic
meterials for varylng celil wool
(zellwolle) content.
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Figure 15.- Dimensions of bullt 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. Joinlng with
synthetic resin and wood screws.

Figure 16.- Showing fallure of synthetic resin spar.

Figure 18.- Section through micarta propeller.
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I I1 III IV v
50-ply Birch Increass 100 paral-
Birch- |olrchweod |50-ply in percent |lel lami-
Properties wood_ |glued with|impregnated as comparad|nations of
“Ifilm (6 and compressed|with all birch -
transverse| (6 tranasverse |[wood venear
layers) layers)
l. Specific weight vy [0.67 1.0 1.21 +81 1.15
2. Tensile long. |1380 1280 2090 +51 2250
strength trans. 75 383 415 + 455 -~
O':gkg mm 8 .
3. Compressive long. | 700 1150 1620 +133 1750
strength trans. 90 540 835 +830
0'_'_;-5
4, Bending long. (1400 2200 2880 +103 3540
strength trans. | 100 550 580 +480
Op1
5. Modulus of lomg. [160000| 215000 258000 +61 311000
elastic'ty trans. 5800 | 48000 70000 +1100
E kg/cm?
6. Shear modu- long. 8000 | 15000 15400 +92 -
lus G kg_icn‘? trans. — - 12300 - -—
7. Alternating
bending
strength oy
kg/cm? long. 20| -~ 760 +124 -
2. Specific
lmpact work long. 130 85 104 -20 -
cmkg/cm®  trans. 4 " 15 12 +200 -—
9. Percent
molsture
taken up
after 50
hours 43.3 8.0 3.0 -83.5 -
Op/v ' long. 20.5 12.8 17.3 -15.3 19.6
tra,ns. 1-1 3.8 3.35 +300
tra.nB- 1.3 5-5 6.9 +430 —
trans. 1.5 5.5 4-8 + 220 —
—_ long. 2400 2150 2150 -14 2600
trans. a7 480 580 +570 —-—
afy 1sng. 120 150 127 +5 -
c'/'v long- 5.1 - 6.3 +23.5 -

Figure 17,- Mechanical properties of developed synthetlc resin products as
compared with wood,
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) - . Lowest | Highesat Mean
value value value
Specific weight (g/cm3) 1,38
Tenslile strength (kg/em®)
472 814 645,
|l laminations
Compressive strength (kg/cm?®)
Il laminatlons 1480 1660 1600
l laminations 2620 2730 2670
Beveling strength (kg/cm®) -
Il laminations 912 1660 1335
Spvecific impact work (cmkg/cm?2)
I lamlnatlions 11.6 20.0 16.9
l laminations 18.6 21,5 19.7
E modulus (bending)
I laminatlons - - 118000

Figure 19.-~ Strength coefficlents of laminated plastic

uslng paper filller.
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