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THE TESTING OF AIRPLANE FA3RICS*

By Karl Schraivogel
I. INTRODUCTIOW

The choice of suitable fabrics for airplane coverings
constitutes an ever-recurring problem, the solution of
which is often not whelly satisfactory. Hence it seens
appropriate to consider the determining factors in the
choice of fabrics, to describe the customary nethods of
testing and to report some of the experimental resunlts ob-
tained with various fabrics, especially as a further revi-
sion of fabric standards is about to be published.

During the war, comprehensive tests were conducted in
Germany and in other countries, in order to produce cov-
ering fabrics which would neet the ever—increasing reguire-
ments of military airplanes. (References 1-3.) 1In oaking
these tests, one naturally had to be assured of the avail-
ability, at all times, of a sufficient gquentity of the
regquisite raw mnaterials, This necessarily affected their
use in the different countries. Toward the end of the war,
coarse materials and substitute fibers were investigated in
Germany, while linen was preferred in England and cotton
in America,

II. USES AND REQUIREINENTS

The covering fabrics are expected to give the wings
smooth surfaces and aerodynamically favorable shapes.
Hence they must be strong enough to retain their shape in
flight, and their security against failure nust equal that
of the other structural menbers.,

The stresses will accordingly depend on their use
(eege, a8 wing or fuselage coverings) and on. the character-

*tpprufung von Flugzeug-lespannstoffen." Zeitschrift fur
Flugtechnik und Motorluftschiffahrt, August 27 (pp. 489~
494), and September 14 (pp. 519-522), 1932.
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istics of the airplanse (speed, wing loading, structure

and deformations), Accurate. deternination of the stresses
is very difficult; ‘without any’ proportlonate advantage,

A, Proll attenpted to calculate -the stresses with the aid
of simplifying assunptions, (References. 1 and 2.) The
description of the tésts give an idea, however, of the un-
reliability of the material characteristics thus obtained.
(Reference 3.,) TFor this reason investigators have hith-
erto foregone the consideration of the assistance of the
covering in the wing-truss structure and confined their
attention to the requirement that the ‘fabric must trans-
mit the aerodynamic forces to the points of attachment and
that the deformations must be small, It also follows that
the elastic behav1or and the strength are so affected by .
previous stressing amd - aging (effects of moisturs, llght'
and oxldatlon), that one c¢an hardly calculate with defi-
nite characteristics, However, should greater duradbility
be attained by improved methods »f fastening and protect-
ing, the way ‘to a better utillzatlon of" the. strength of
the fabrlc would then be opened . ,

In order to meet the above-mentioned reguirements,
the fabric must be smooth, taut 'and a1r~t1ght In the .
raw state, the fabriec possesses these characterlstics only
in an 1mperfect degree and therefore require special treat-
ment, which now consists of several coats of cellulese
dope. This treatment’ has the advantage of increasing the
strength, elasticity and tautness of the fabrlc, or in oth-
er words, its permanency of form. A suitable dope great-
1y inereases the durablllty of the fabric by protecting it
from the effects of light and weather., The tacit assump-
tion is that, as in all aircraft materials, these proper-
ties must entail as little increase in weight as possible.
Another requirement, which may be very inmportant under
some circumstances, is a certain lack of ssnsitiveness to
mechanical injuries. It is known that the strength of ma-
terials is greatly impaired. under some circumstances, as
soon as the equllibrium of the stresses is dlsturbed by
1n3ury at any p01nt :

In determining the requisite strength of the fabrlc,'
it must not be forgotten that under some circumstances it
may be impaired with surprising quicknesss Very . interest-
ing in this connectlon are the results of weatherlng tests,
whidh will be more closely considered under the heading of
"Tensile Tests." A certain strength reserve must thersfore
be present freon the beginning, in. .order: to avoid the neces4
-sity of replacing the fabrlc soon.- R
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III. RAV HATERIALS.  ~ ° %

Aside from metal and plywood, the mb gt 1mportant are
fibrous materials, and especially vegetadle flbers,_ In a

few instances, silk fabrics were used experlmentally,,but

the. saving generally failed to compensate for ‘deficipndies

in other respects. The two most 1mnortant vegetaole f1~

bers are flax and cotton, since no great progress, ﬂaS ongn
made with artif101a1 511k espe01ally as regards tne ef—
fects of m01sture. . : '

Flax or 1inen is the bast fiber from the stalls of -
the flax plant. . (Reference 4,) The. stalks .are subjected
to a bacteriological fermentation (retting), which scrves
to loosen the fibers, The bast fibers (hackled flax) are
then senarated from the retted flax by mechanical process-
es (breahlng, swingling, hackliag). Usually a fiber coi-
sists of several separate cells, 8o .that, in the finished
condition, fiber lengths of 30 to 40 cn (12 to 16 inches)
are obtained. ' If the cells are put into a suitable swell-
ing medium, e.g., copper ammonium oxide, the cellulose
content swells and puifs out the cell Wall._,This shortens
the flber and. the central canal aSSUUbS a uplral form.
(Fig. 1.) (Reference 5.) :

Cotton is the seed fiber of several ‘BFlants of the
Gessypium genus, (Reference 4.) Tne fivers do not have
to be loosened as in the case of flax, but can be immedi-
ately used after removing the seed add cleansing. The
cell consists of a rather thick wall and an air-filled
cavity (lumen). The outer layer of the cell wall consists
of a thin resistant skin (cuticle). (Reference 8.) Then

-soaked in copper ammonium oxide, the cell wall exrands

greatly, the fiber is shortened, the cuticle bursts oren

at many points and forms annular rlngs or splrals. (ng.
2.) 3By treating the yarn or cloth in the swollen forn
with concentrated alkalies (soda lye or the like), the
originally flattened form of the fiber is convertéd ints a
more cylindrical form., By this ftreatment Lﬂe”Pelldlu”\

the luster and strength of the fiber are greatly 1nﬂreased.
Hence cotton, f%brlcs are used UObtly 1n tne mercerlzed
condltlon.,x' - -

The yarn is spun from these rav materlals by a rnther
conpllpated oroacbs,.whlch we will. not descrlbe heree.’
(Referenqe 7)) it is then’ numbered accordlng to 1ts flna—
ness, the number 1ndlcat1ng the number of” Iength ‘units in
a given weight.
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The strength of the yarn depends partly on the
strength of the individuwal cells and partly on the friction
between them, If the latter is not great enough, the in-
dividual fibers slip on one another without tearing, The
friction between the fibers depends cn the nature of the
surface and on the length of the fibers and also on the
number of twists per unit leéength, ILinen fibers acquire a
sufficient length by growth, since each fiber consists of
several cells., In cotton the length of the staple is the
eriterion of its excellence, which is the mean length of
the longest fibers, High-quality yarms are, of course,
made only from long-staple cottons (Sea Island, Egyptian,
etce)e The number of twists per unit length depends on
the thickness of the yarn and on its use. ¥Warp yarn is
generally more closely. ‘twisted than filling yarn,

The strength of the fabric depends on the strength of
the yarn. It can therefore vary greatly with the selec-
tion, treatment and preparation of the yarn. However, the
strength of the fabric is not simply the sum of the
strengths of the 1nd1v1dual pieces of yarn.

Covering fabrics are generally linen, in which the
warp and filling are’ very closely woven, each thread pass—
ing alternately over and under the threads of the other
system, Each thread may consist of a single strand or of
several strands.twisted together.

Iv. TEST CONDITIONS

1. Moisture Content

ILike most animal and vegetable materials, the textile
fabrics are hygrascopic, i.e., they absord moisture from
the surrounding medium to the saturation point of the fi-
bers and give out this moisture again to a dry surrounding
medium., The moisture content affects both the weight and
the strength of the fibers. ience, When i1t is desired to
obtain comparable experimental results, the moisture con-
tent of the fibers must be determined, 1In standard tests,
it is considered sufficient, however, to let the fabric
hang for a long enough time in air of known humidity. The
air, according to its humidity, imparts more or less mois-
" ture to the fibers, so that the meisture content of the
latter can also be determined. In Germany and in many
othg;:qountries, é humidity of 65 per cent at 209 ¢ (68°F.)
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is considered standard. The requisite time for the fabriec
to hang to absord the corresponding amouat of moisture de-
pends partly on the humidity of the-air and partly, of _
course, on the difference between the humidity of the air
and the moisture content of the fabric., If this differ-
ence is great, the time of suspension must be relatively
loaz; otherwise, it may be guite short. Data concerning
the requisite time differ greatly. According to American
experiments, three hours suffice, while according to more
recent Russian experiments the fibers have to be exposed

a month to acquire the same moisture content. Unless
conditions are very abnormal, the minimum period of 24
hours, as given in "DIN L 21," may be considered sufficlent,
provided care is taken that the air circulates freely about
the samples.

Figures 3 and 4 show the rates of giving off and of
absorbing moisture for airplane linen. Figure 3 shows
the moisture losses of a sample which, after drying ian the
air, was dried in an oven at 98° until its weight became
constant. The loss in weight was determined every half-
hour and therefrom the percentage loss as compared with
tiie original moisture content was calculated. At the end
of taree hours 99 per cent of the original moisture con-
tent had been expelled and the curve in the half-logarith-
mic diagram was practically straight. This sample was
then suspended in alr of 63 per cent relative humidity and
the gain in weight determined. After an hour and a half,
as shown in Figure 4, the sanple had regained 90 per cent
of its original moisture content., Beyond this point the
gain was very slow. At the end of 20 hours the fabric
weighed exactly the same as before drying. The second
curve in Figure 4 shows the results with wet fadbric. The
sample was soaked in water for half an hour, lightly dried
between blotting papers and suspended with a moisture con-
tent of 60 per cent. The air in the room was kept con-
stantly in motion by a small fan, though the air curreant
from the fan was not directed at the fabric. .The dash~-dot
line ascends steeply, showing a more rapid loss than in
the case of the dry fabric. After about an hour, 95 per
cent of the absorbed water had been again lost to the air
and after six hours, 98.5 per cent,

The difficulty of obtaining and maintaining a definite
moisture content during the test is avoided in many coun-
tries by testing the saturated fibers. The samples are
soaked half an hour in water and tested wet. Their
strength is consideradbly greater than that of air-~dried
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samples, which must be taken into eonsideration in compar-
ing strength data from different sources. The defects

of this method are that the strength in the air-dry condi-
tion can be determined only from "a posteriori' conclusions
and that the elongation characteristics of the fabric are
also different.

The effect of the moisture content on the course of
the curves can be estimated from Figure 5. This figure
shows the curves for a standard linen, a light cotton and
a viscose artificial silk. The strength of the linen in-
creases with the moisture content, especially at the aigh-
er degrees. The "Mako!" (Egyptian) cotton also shows an
increase in strength, while the artificial silk shows a
considerable loss. This is probably the chief reason it
has not been used for airplane coverings. If the strength
at normasl atmospheric humidity is put at 100, we then ob-
tain tne perceantage variation in the tensile strength of
the first two fabrics, as shown by the curves in Figure 5.
In the most important region between 50 and 70 per cent
relative atmospheric humidity, a change of about 1 per cent
in the strength corresponds to a change of 2.5 per cent
in the moisture content.

Even doped fabric is sensitive to humidity, although
the rapidity with which its moisture coantent follows the
humidity of the surrounding air is cousiderably less, ac-
coréing to the kind and degree of doping. The effect of
the moisture absorbed is the same as on uandoped fabric.
Increased moisture content increases the strength, but de-
creases the tautness. No thorough investigation has yet
been made, but only a few preliminary tests, as reported
by Barr and Wilson. (Reference 9.)

In order to determine the moisture cocntent of the fi-~
bers, the sizing in the fabric must first bte removed.
This is accomplished by boiling the sample for a short
time and then letting it stand two hours in a dilute solu-
tion of diastase at 60 to 659 ¢ (140 to 149° F.). It is
then washed, boiled again for an houy and rinsed. The
quantity of the sizing is the difference between the dry
weights before and after this treatment, The drying is
done in an oven at 105 to 110° ¢ (221 to 230° F,) until
the weight becomes constant, i,e., until two weighings
one-fourth hour apart show less than 0.02 per cent loss
in weight. According to British and American specifica-
tions, the sizing must not exceed 3.5 per cent, while
Frenci specifications allow only 1.5 per cent for linen
fabric,
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B LN,

The moisture content is similarly determined.

G -G o . e L R

n 2 o .
e 100 = % moisture content,
2 L :
where G, = weight of unsized air-dried sample,
G2 = " " " oven—-dried oo

This definition corresponds to the method employed with
woodl, In the textile industry, however, according to
Heerwann (reference 8), the moisture content is understood
as being based on G_, while the here-defined expressiox
is considered as thé moisture increase.

2. Rate of Loading

Aside from the moisture content, a whole series of
otaer Tactors also affects the strength. Since the
strecgth of the yarn, as already meuntioned, is iatermedi-
ate between the strength of the fibers and the frictioa
betwee: the fibers, all factors affecting the friction
also affect the strength of the yarn. This statement ap-
plies particularly to the rate of loading. At a high rate
of loading the strength is greater, because the friction
between the fibers increases with the rate. According to
American data (reference 10) there is a logarithmic rela-
tion between the tensile strength and the loading time,
somewiat as follows: '

Pt = P - log t,

o

in which Py denotes the breaking load for the loading
time t in minutes, and P the breaking load in a stand-
ard tensile-strength test. This relation is ngturally
valid only within certain limits. One-half of the break-
ing strength, as determined by the tensile test, is con-
sidered as the permaneant streugth, i.e., as the load which
the fabric can withstand for a long tinme.
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V. DTESTING METHODS

1. Unit Weight and Humber of Tareads

After the fabric has been reduced to normal moisture
content, a piece of at least 0.25 m® (2.7 sq.ft.) is cut
out parallel with the threads and is accurately measured
and weighed to within one gram (0.035 oz.).

The number of threads per unit Iength is deternined
either by pulling tuem out for a distance marked on the
fabric or better, for fine-threaded fabrics, with the aid
of a thread counter (a lens under which a glass scale is
12id on the fabric). Tae mean of at least five counts

~

at different vlaces, 15 cm (about 8 in.) or more apart, is
taken as the number of thrceads.

2. Tensile Tests

Due to the simplicity of the testing method, the
standard tensile test is also applicabdle to covering fab-
rics, ‘although the stressing conditions, for the most part,
do not correspond to those of actual practice. 'In order to
obtain a closer approximation to the actual stressing con-
ditions, ome must use the simnle or multiple cross teat
introduced by Ilzas and Dietzius (raference 11), in whkich
the fabric is sinultaneously stressed in voth warp and
filling. This nmethod is mucha more trounbliesome, however,
so that it is wortlh using only for very fuundamental tests
and in cases where the fabric serves as an element cof the
static structure {(e.g., in noarigid airships). Even tne
results of the simple teunsile test, however, eunable in-~
stractive conclusions on the behavior of the fabric oan an
airplane ' : T

In cutting the test samples, the lack ¢f ﬂnlfO“w1tv
of thie strenzgth characteristics of the yarn must be taken
into account. The samples must be cut ia such a way that
the largest possible number of different thireads will be
incluvded. They must be so distributed over tae fabric
that each sample will contain differeut threads in tue di-
rection to te stressed. Generally at least five samples
are telken parallel to the warp and a like number parallel
to the filling. The warp samples are distributed in sev-
eral groups over the width of the fabric. The filling
samples should include threads from several different
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spools, so that the interval between the different’ groups
ig-determined according to the distance covered by a spool.
An interval of 15 to 20 cm-{about 6 t6 8 in;) should suf-
fice for fabric 130 cm -(about 51 in.) wide. In "DIN L 21"
an example is given for taking samples. If the piece of
fabric is not large -ehough for this scheme, the more eco-
nomical method accordlng to Figure 7 may be employed. By
this method considerably smaller pieces will ‘suffice, which
is advantageous, e.g., in cutting samples from airpldne
coverlngs.

Accordlng to “DIN L 21" the standard tens1le sample
is 5 cm (about 2 in,) wide and 30 cm (about 12 in.) leong.
Test:samples of doped fabric can be cut just the right
width, while samples of undoped fabric must have a nargin
of about 5 mm (0.2 in.,) on each side, so that the trans-
-verse threads can project beyond the longitudinal® threads.
Otherwise the outside threads of the samble would not be
"uniformly ‘stressed. The superfluous leongitudinal threads

may. either be pulled out or cut at several pointsei, In
testing smaller piceces, these measures may be omitted.
Foreign test specifications all ball for shorter test sam-
“ples and in some cases narrower, ~Dutch specificatiouns,
€eZs, call for samples 20 by 5 ¢m- (8 by 2 in.), British
7 by 2 in., American 6 by 1 in., and French only 10 by’
5.cm (4 by 2 ins). The sample is given a certain prelim-
inary tension-in the clamping frame, and the load is very
gradually increased. According to "DIN I 21" an advance
of the lower clamp of 10 cm (4 in,) per minute is pre-
scribed as the rate of loading. The load-elongation dia-
gram is plotted either from the elongation read at defi-
nite degrees of loading or automatically by the testing
mechanism itself, The breaking load of the sample is re-
duced to that of a strip 1L m (3,28 ft.) wide and designated
as the tensile strength (kilograms per meter),

Failure normally océcurs in the free portion of the
test sample, ‘A lateral tear indicates lack of uniforn
prelininary stressing, The corresponding breaking load
ig then generally much snmaller than in a normal test,

The results of such tests are novlt to be used in determin-
ing the mean value. In homvogeneous fabrics, failure may
occur simultaneously at several points, e.g8., on both
edges, but at different heights. Such tests yield good
strength and elongation data and indicate uniform strength
and clamping. In especially sensitive doped fabrics, fail-
ure occasionally occurs at the clamping points. This can
be avoided by the interposition of strips of soft fabriec
next to the clamp cheeks,
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For comparing different fabrics.with one. another,
the "breaking length" (km) is 1ntroduced as the, crltsrl—j
'on. For woven fabrics this means the quotlent of the . ten—
.sile strengih’ (kb/m) divided by the unit’) Welgnt (kg/ma)

In judging the’ fabric, care, must tnerefore be taken that
the breaking length in both dlreotlons is as high as pos-
sible, because, by a correspondlng ¢hoice of the yarn,
“the breaklng length can’ Dbe 1ncreased 1n one d1rect10n at
the expense "of the other.-" .

The tensile strength is also the criterion for the
deterioration of the fabric characterisgticgs from weather-
ing. . Here two . factors should be. dlstlngurshed the effect
6f light and the effect of m01sture in'the presence of air.
These two effects are superposed in the. cage of an unpi o=
tected fabric, Elther effect nay exceed the otner accord-
iag to. cllmatlc cond1tlons. dence a’ medlum “which aIIords
“excellent protectlon against light. but not_agalnst m01sture,
may succeed.in one vicinity . and fail ina. another._ The Brit-
ish experiments under greatly dlfferlng ¢limatic condltlons
are’ 1nteresting in this connectlon. (Reference 12.) For
German condltlons,,Sommer S exp er1ments yield . 1nterest1ng
concluS1ons. (Reference 13,) It was found that cotton is
more .durable than linen, which is comprenens1ble from the
oroductlon processes of ‘the two materlals.u Ia '1gure ‘8
the, 1oss Ain tensile strength is plotted agalnst the! eXpo~
sure tlme., Tae effect of the light%t is ghotn napre clearly,
however, Wnen the loss in’ strength is plotted against tne
number of hours of exposure to sunllght (Flb.._G ) fIn
comparing the.curves, however,ilt must be borne’ in mind
that the cotton and” silk fabrics used in the tests were
of lighter weight than the linem" fabrlc ) Thé most harm-
ful wave lengths, of" the sun's spectrum are between 3 lFO
and 3,900 angstrom, . (References 17 and 18537 The 11eht'
Protectlon must therefore be espec1a11v effectlve agalnst
these wave 1engths. Accordlng to British and German tests,
ve can figure for our climate an annual strength loss of
about 10 per cent in Well—protected fabrics., ~ With trans-—
parent varnishes or- dopes an annual strength lo ss of RC
Ler cent and more has been observed.
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.3, Testing the Tautness, Elastic Behavior
: and Bursting Strength

The testing of these characteristics avails only for
doped fabrics, in which the characteristics of the fabric
and dope cooperate., The tautness can be determined in va-
rious ways, two of which are described by Proll. (Refer-
ence 2,) One method is based on the height of rebound of
a small steel ball which is dropped on the fabrie from a
given height in a glass tube, The other is a pressure
method, in which a rounded stamp is pressed against the
taut fabric. An instrument -developed during the war by
Bayer and Company of Elberfeld is based on a similar prin-
ciple., The fabric is clamped between two conical rings
with a given preliminary tension. 3y additional loading
the same impression is produced in the doped fabric as in
the undoped fabric and the ratio of the two loads is tak-
en as the measure of the tautness. This method is suitabdble
for comparativo tests, because it is simple and gquick,

The British specifications for airplane doping (ref-
erence 14) utilize an experimental arrangement in which
the samples are stressed by air pressure and the deflec-
tion is determined by a "test clock." A negative pressure
of 1 inch water column (0,0025 atm, gauge pressure) is
produced under the fabric and the radius R of the result-
ing concavity in the fabric is measured with the help of a
superposed ring, The radius R 1is calculated on the as-
sumption of a spherical depression according to the sim-
plified formula R = D®/8f, 4in which D is the diameter
of the ring and f 1is the central depression. The taut-
ness T 1is obtained from the fornmula T = Rp/z, in which
p 1is the test pressure,

For air-dried samples the tautness should be between
0.45 and 0,89 kg/cm (2.52 and 5 1b./in.). After the sanm-
ple has been kept two hours in alr having a relative hu-
midity of 25 per cent, the tautness should be at least
0,36 kg/ecm (2 1b./in.). This method seems to he based on
the experiments of Aston. (Refereice 15.) o B

The apparatus shown in Figure 10 for the determination
of the elasticity and bursting strength is based on the
same principle., It consists of a square iron pressure
basin with connections for compressed-air pipes and manom-
eter, The frame, over which the doped fabriec is stretched,
is secured to the top of this basin (with the interposition
of packing) by strong screw clamps, The load is produced
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by compressed air in definite stages. The deflections in
the middle of the frame are recorded by a test clock, By
using indicators for different pressures (water, mercury,
"and spring manometers), tautness, elastic behavior and
bursting strength can be successively determined with one
and the same frame:

The elastlicity of the doped fabric is tested by grad-
uvated loading and unloading on a definite fundamental ten~
sion. The difference between the total and permanent de-
floctions gives the elastic or temporary deformation. On
account of the temporary after-effocts, the readings are
made only after the pointer of the test clock has come to
rest. Tae tautness of the fabric is proportional to the
total deflection and its elasticity to the temporary com-
ponent of the deflection. 1In a good covering, the elonga-
tion characteristics of the fabric and of the dope filn
must be similar, If, for example, tho fabric is too ox-

, tensible as compared with the dope, a noticeabloe increase
in the permanent elongation will occur under relatively
snall stresses. In Dbrittle films small cracks will form,
and the covering fabric will become permeable to air, If
the adhesion is poor, the film will separate from the fab-
ric in many places.

After the conclusion of the elasticity test, a thin
rubber membrance was laid under the fabric and the pres-
sure was gradually increased until the fabric purst, the
bursting pressure, course of the tear and the adhesion of
the dope film being noted, Good fabrics usually tear in
both directions, and good dope does not separate from the
fabrie after bursting, This method is particularly adapt-
ed for investigating the effect of moisture and weather-
ing on the tautness.

4, Tearing Tests

Tensile and barsting tests determine to a certain de-
gree the strength of the fabric as a whole, For practical
use, however, there must be a certain local strength, to
enable the transmission of the stresses at the seams and
points of attachment. Moreover, as already mentioned,
there must be some security against the tearing of the wing
or fuselage covering in case of accidental injury during
flight., On military airplanes where such injuries are
very liable, the tearing strength is very importants

According to Turner (reference 16), a tear, once start-
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ed may be propagated by the surface pre8sure é6r By local
stresses." In the fiFst cdse, the resiéfarnce of the fabric
s, Brinc1pally a function of the stress distribution at the
edges of the. tear., If° the threads next "t6 the tear are re—

e.lleved by threads . farther away,.the tearing strength ise

,fcorrespondingly hlgher,. It corresponds,?ln this caserfto

... - the strength and elestlcity of the Jarn.' In' the second:
txcase, the shearlng strength of each thread- afid its p031t10n

in..the ;fabric are. 1n¥01ved 1n o " far as a“ certain JOVa—

ﬁabllity of the threeds permlts them ‘to be’ torn in’ groups
.instead of s1ng1y.: Any dlsplacement of’ the threads is.
largely prevented however, by the ten51on of the fabrlc'

and by the dope film, . =

The testlng methods correspond to" these tWO p0351b11—

;tles of tearing.. The. burstlng test ‘of a’ framed’ plece of

fabric. with slits: cut 1n it corresponds to the first case.
In this. test, s11ts of. a glten length ‘and’ arrangement (sim:-

- ple or cross sllts) are cut’ in’ the fabric and the redue-

tion in the burstlng pressure,'as compared W1th ‘the unhdam-

T aged fabrlc, is deterimined, The lossin strength natural-

1y depends on the ratlo of tne s1ze o ‘the anuIJ to the
size of ‘the sample. .. Accordlng to-the tests of Walen (ref-
erence 8) w1th,grade A Amétrican cotton fabric, ‘the -burst-
ing pressure was reduced from l 3 t0 0.4 atm, gadge pres-
sure by cross. sllts 1) 1nch long,.and to O 22 atm. bY'Sim—

-ple sllts 2. 1ncnas 1qngq1{gq._:.'

The "wound test“ followed ‘the nornal tensale test,

- In this test . a: sllt was preV1ously tut-ih '$he 'édenter- of

the test strip pernendlcular to the line-of pull. (Fig.
11l. ) The tearing strength, defined as the breaking load
with respect to the. supporting width, depends on the ratio
of the length of the siit” s to“thé width of the strip Db,

.. that is, for very wide strips and short slits a limit is

reached, below which the tearlng strength is not affected
by the length of the slit, The" fabrlc w:dths iused in air-

-,plane coverings and the p0331b1e 1nJur1es “from projectiles

are below this 11m1t "~ In' ‘this connectlon,_lt 1s adv1semle
to test varlous ratlos of ﬁeT;fb.i" _- -

The strength characterlstics ‘of the separate threads
are exhibited still more clearly ian the following: methods

L .',

" of .testing. than in. this one,. the simplest method being
- the one which lmltates ‘the tearing of the fabritc- by hand.

For this purpose the sample is cut a certaln ‘distance
(fig,. 12) -and ‘the two. ends. are. pulled apart.  This method
has the advantage of 31mp11city."0n the other hand 1t
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has the defect that the transverse threads are without
tenslon and can be somewhat dlsplaced under SOme condltions.

For thls reason the Wound test has been quite commonly
called tne "tongue test, In ‘this test a rectangle 1s cut
on'three 31des at or nedr the center of the- sample; (Flg.
l3{T?ane ‘lateral tension can be ‘obtained eithier by stretch-
'1ng the' sample on a frame or by some spe01a1 dev1ce during

the test .The forces requlred ‘t6 continue the tear are
then” recorded and the mean tearlng strength thus determlned
The samoles are so selected ‘that in Some of -them the warp
is torn 4nd in the others the fIlllng 1s torn.

.. The two tests can be combined by cuttlng the tongue
"dlagonally to the dlrectlon of the- threads.. Figure 14
shows an apparatus which can be used-both for the normal -
"and the diagonal tongue test. It consists of an anglé -

" frame, in which the fabric is clamped parallel to the

threads, The free edges are looped and- tré fabric is giv-.
“en a certaim prellmlnary tension by means of welghts.-t-
Siits 5 cm (2 in.) long are cut in the sample:at“a’certain
distance from~ the clamped edges, and the correspondlng tr1—
'an5ular t1p is held in a clamp.' The force requlred to
break the threads is measured with a spring balance and
plotted graphlcallyo The' dlagonal test is based on the
viewpoint that injuries often~take a triangular course),
showing that the warp and filling in doped fabric support
each otaer to a certaln degree., .Subsequent values for

the tearing strength of dlfferént sampies are determined

in this manner., If it is desired to test the warp or f111-
ihg separately, the frame, is, rotated 45

5. Other.Testing Methods

Among the initial requirements there were some which
are now fully met by. the dopes and coverlng fabrics, so '
. that no special’ test is necessary. "This applies especial-
ly to air and waters tlghtness The elr tlgntness can be
" judged by the bursting test., It can now be required of
good dopes that, when newly applied, théy 'shall show no ap-
preciable lack of tightness up to 2.5 m (8,2 ft.) water
column. A -

The roughness or smootqness 1s preemlnently a question
of the dope used and the manner of 4ts appllcatlon." Accu—
rate measurements have hitherto been made in. ohly" a’ few
cases, 0one belng #enerally satlsfied to Judge from super—
ficial appearanceS. ' -
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The. methods thus far described are only for labora—“”
tory tests, and are. not 80, suitable for testing coverings
.on. Qirplanes., They require the removal of samples and
congiderable. time for their" execution., It would pay to
develop devices for testing in a Simple mnanner the taut—
ness and strength of fabrics on airplanes. The method
proposed by Schubert (reference 19) appears gquite feas1ble.
Tne A J Amsler Testing hachine Factory is maiing a  ma-—
according to Breuil, nder the . d351gnation "Perforaneter
with which a small spherical stamp is préssed tnreugh the )
fabric and the. required force is Trecorded on & spring '
balance. This macnine can also be used to determine tne
tautness. : :

sy T

VI, RESULTS OBTAINED WITH VARIOUS COVERING FABRICS ™' 7"

We will give a few of the results obtained with vari-
ous covering fabrics and especially with linen fabrics.
The experiments were made for the purpose of obtaining
data on fabrics,lighter and heavier than standard linens
according to DIN I 21.*% The characteristic data of the
fabrics are given in Table I. All the fabrics were un-—
bleached.,

dI"Deliverb 0 andition

Sample 1 (flg. 15) .corresponds to the standard air-
plane llnen according to DIN L 21l It is rather closely
woven,, Its ‘unit weight is a little greater than the max-
imum . standard welght, Dut this can be disregarded in view
of its great ten51le strength, which is nuch greater than
the stipulated minimum strength. Tne mean breaking length
of .about 11,000 m (36,089 ft,) is to be designated as tue
standard for linen fabrics. '

Sample 2 is a similar linen whose unit weight las been
reduced to about 110 g/m2 (3,24 oz./Sq yd,) w1thout dinmia-
ishing the tensile strength, A This was accomplished by us-
ing. finer yarn, specially selegctéd for its strength. The
breahing 1ength was thus increased to over 13,000 m" (42,651
ft, ) - For quantity productlon, however, this-iabrlc is - of
less 1mnortance, because of the llmited supply of sucn nipn—

*The linen samples came from tne A, W, Kisker' Company,'Biel—
efeld Gernmany, which has taken an active part in the devel-
'opnent of airplane fabrics.,
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grade yarn. In appearance, 1t is. ch;efly d1st1ngu1shable
from sanple 1 by the greater unlformlty of the yarm. ' San-
ple 3 represents the sane fabric. made from' standard yarn,
It weighs the same as sample 2,..Its strength is smallsr
as cempared with sample 2, correspondlng to Its reduction
in weight as compared with sample 1, so that an intermedi-
ate breaking length of 11,300 m (37,073 ft,) is obtained.
The Weave seems a. little. 11gater than that of sample 1.

Another way to reduce the unlt weight was adopted
with sample 4, in which. the thread number prer centimeter’
was reduced about 20 per cent .in both directions as conm-
pared ‘with the standard fabric, the same size of.yarn be-
ing used., Though the weight was not reduced in the same
ratio, this was due to the fact that the yarn was woven
in the raw condéition, while the yvarn for the previous sanmn-
rles had been boiled., Therefore its tensile strength was
relatively somewhat . greater, This fabric, notwithstand-
‘ing its being 25 s/m2 (o737 02./sq.yd,). lighter “thcn the
standard fabric, still satisfies the standard strength re-
quireménts, The smaller number of threads, as compared
with the other Samples, produces a more open. weave, (rig.
16.) . o
The next two samples belong to the category of heavy
fabrics. Sample 5 is &a fabric -of 'the kind somewhat used
in Germany toward the end of the war and which is even now
prescribed in many countries, (See Table V,) Its mean
tonsile strength is about 2,000 kg/m (112 1b./in.) and its
elongation is less than that_of the standardized fabric,
due to the smaller numter of threads,, Sample 6 is more
than twice as strong as the stwndard fabric, In order not
to be obliged to use still coarser yarn and thus produce
a thicxer and rougher fabrlc. the Panama weave was adopt-
ed, in which the threadsxusfd in pairs. It was thus pos-
sible tc increase the number of threads to 40/cm (°bout
100/1n Yo Despite its great strength, this fabric weighs
Aly 223 g/m2 (6 58 OZa/Sq yde) e

Sanple 7 represents the fine 1ight cotton fabrics
nuch used for the coverings of sport airplanes with low
winig .loading, Its strength is only about half that of the
Suandard fabric, but its Welght is not provortionately
les so that its DreaLlng length is less than 7,000 m
(22, 66 fte)e,  This is rather snall, since ordinary cotton
”ffabrlcswhqve“breaglng Lengtas <& 72,000 to 12 000 m (29 527
“$o0 39,370 ft.,). This fadbric aas therefore not been devels
oped to its maximun strength. In contrast with linen fab-
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rics, the elongatlon is greater in the dlrection of the
f1lling than in that of the warp.

The last sample, an art1f1c1a1 viscose s8ilk, is real-
1y not a covering fabric,” It was included in the tests,
however, in order to discover how it is affected by dopinge.
The fabric is still lighter than cotton fabric, weighing
only 85" s/m2 (2.51 0z /sq vd.), but somewhat stronger than
sample 7.. In contrast with the other fabrics, the slight
twist of the varn and the smoothness of the surface are
noticeable, The fabric is consequently very soft.

2. Characteristics after'Doping

. It is interesting to note how differently the fabrics
are affected by doping. All the fabrics were treated alike
and simultaneously., Stretched on wooden frames with about
10 kg/m (6.72 1b./ft.) preliminary tension, they were
painted with two coats of "Perluco Red" (undiluted) and two
coats of "Perluco Silver," This method was adopted first,
because it afforded a good protection and secondly, because
the layer of dope is not so thick as seriously to affect
the properties of the fabrics.,

All the fabrics were perfectly doped, the thin ones
being thoroughly impregnated, while the thicker ones werse
not impregnated to the same degree. The strength tests
were made about three weeks a?ter ‘the application of the
last coat, the samples having been kept at normal humidity
for a long time bofore the beginning of the tests, Tableos
II and III contain the results obtained with the doped fab-
rics, while Table IV summarizes the changes in weight and
strength, The tearing-test data, as already mentioned,
are the results of diagonal stressing.

The standard linon is made about 84 g/m® (2,48 oz./
sgeyd.) heavior by doping and weighs about 225 g/m (6,64
0%./8q.yd.)s Tho strongth incremont due to doping is not
the same in both directions, being about three times as
great in the direction of the filling as in that of the
warp. It may be noted, however, that the incroment in the
strongth of the fllling is not normally so high, Tic
strength increment does not correspond perfectly to - ‘the
weight incremont, for which reason the breaking- 1en5th is
reduced about 12 per cent by the doping, The breaking’
elongat1on is not "affected in either direction "by the dop—
ing, the tearing load having a moan of 4 kg (8.82 1b.) and
a naximum of 6 kg (13.23 1b.)e.
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“Inthe- doped cohdition, sample 2 does not retain:its
superlorlty with respect-to the other samples. To.bé sure
the finer yarns absorb less dope, and the doped fadbric is
therefore- 42 g/m2 (124 oz, /sq in., ) lighter than sample 1,
for which reason, however, the sirength is 1ncreaseu onlv
24 ‘to 27 per - cent, Its breakitig length of 10,000 -m
(32,808 ft,) is the tame as for the other samples. Its
~tearing’ strength is about 1 .kg (2.2-1b.,) less than that of
the standard fabric.,” This-fabric shows that the.sévalua-
tion of  the fabrics must be on the basis of their proper-
ties in.the doped condition, It is obviously purposeless
to increase the cost by us1ng specially selected yarns,
when the finished covetring i§ no-better than other cover-
1n s made from standard yarns.

_ "As wa's to be expected sample. 8 absoroed the  same

" amount- 6f dopé; since it closely resembled: sanple 2. TLike-
wise in this case the increase in the strefigth. of the fill-
'1ng considerably exceeded that of the warp. The tensile
-strength in the diréction of the filling approximates thet
of sample 2, while the tearing strength of sanple 2 is
somewhat greater, due to the better qualltJ of yarn.

Sample 4 behaves better in this resnect the strength
increment from doplng being 30 to 48 per cent Unfortu-
nately the weight increment is likewise qulite high, so:that
the difference, as compared with the standard fabriej is.
relatively less-than in the origimal state., It is uncer-
tain whether theicondition of the yarn is affected by this
relatively large absorption of dope., Judging from exper-

. iments with other fabrics, the effect is hardly worth con-

sidering. It is advisable, however, not to reduce the
number of threads too much, both in consideration of the
weight increment and of the danger of permeadility of the
dope filmn,

The thick heavy samples 5 and 6 have relatively tie:
most favorable dope consumption. The inmpregnation is not
so complete as in fine~threaded fabrics, but the strength
increment corresponds approximately to the weight incre-
ment. Coneequently, the breaking length is hardly reduced,
contrary to the case with the previous samples. As regards
tearing streng*h samples 5 and 6 far surpass all the oth-
ers. With sample 6 the peak loads exceeded the measuring
.11m1t of the apparatus, so that the mean tearlng strengtn
t'could be only approtlmately determlned e RR e
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Both cotton and artificial silk can be readily doped.
'The increase in the strength of the Mako fabric is very
pronounced, but it must be remembered that its original
strength was rather small. The dope consumption is great
witlh both these samples. It is surprising to find that
these originally lighter fabrics are as heavy after doping
as the corresponding samples 2 and 3, Despite this increase,
their tensile strength is still considerably Dbelow that of
the linen fabrics. The elongation, especially of sample. 8,
is considerably less than in the original condition, an in-
dication that the stress preliminarily imparted to the fab-
ric largely eliminated the shrinkage of the yarn, This isg
also manifest in the tautness of the doped fabric, Likew
wise the tearing strength of these samples is rather small,
approaching the lowest permissible limit with the usual
methods of sewing and attaching, In many cases it is ad-
visable to reinforce the fabric at these points. The be-
havior of the fabric is shown by the differsnce between the
mean and maximum tearing loads in Table III, as also by
the course of the curves in Figure 17. The standard linen
offers considerable resistance to tearing, while the cot-
ton fabric behaves much like paper.

To sum up briefly the results obtained with these dif-
ferent fabrics, it may be said that increasing the strength
of covering fabrics by using coarser yarns ordinarily of-
fers no difficulty, because the weight increment from dop~
ing is relatively smaller. The case is different, however,
when it is desired to use the lightest possible fabric with
snall strength requirements. With standard fabrics, the
limit set by the requisite tearing strength is then scon
reached, Some improvement can perhaps be attalined by using
doubled yarn instead of simple yarn, or by other methods
of weaving. Otherwise these peculiarities of the fabric
mast be taken into account in attaching the coverings.




TARIE I.

Properties of Undoped Fabrics (mean values)

0. of threads

-
Weignt

Tensile strength

Flongetion

Rresking length

Sample; Materisl per com g/m kg/m per cent m ean
warp (filling warn |filling {warp filling | warp filling
1 Linen | 83 35 141 | 1470 | 1620 |12.5| 7.0 10,400 | 11,500 |11,000
2 " 35-36 | 33-35 | 109 | 1440 | 1460 7.5] 6.7 13,200 | 12,400 |13,300
3 n 33 2335 | 105 | 1165 | 1290 e.4| 6.0 |10,700 | 11,900 11,300
4, o | 27 20 114 | 12e5 | 1570 8.1l 5.2 111,200 | 12,800 |12,600
5 E n 23 22 173 | 2170 | 1920 7.1] 7.0 {12,500 | 11,100 |11,800
5 1w 20x2 | 20x2 | 223 | 2650 | 3025 9.0| 6.2 |11,%00 | 13,500 |12,700
7 cnggn | 41 44-45 | o7 860 665 8.3 | 17.0 6,800 | 6,900 | 6,800
e gArfiii;ialx 3 26 85 890 715  |19.1| 15,1 10,500 | 8,400 | 9,500

(g x 023492 = oz./sq.yd.) (kz/m x .0559977 = 1b./in.) (em x .3937 = in.

\
/

(m x 3.28083 =

ft.)
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TABLE II. Properties of Doped Fabrics (mean values)
Dope: 2 priming coats of "Periuco Red"; 2 finishing coats of "Perluco Silver®

Tensile strength |Breaking elongation | Breaking length
Sample| Material Weighg kg/m per cent n Mean

g /o warp | filling warp | filling | warp |filling
1 Linen 225 1780 2565 12.5 €.5 7,100 1 11,400 9,700
2 " 183 1830 1815 7.9 6.5 10,000 9,900 | 10,000
3 " 181 1460 | 1840 8.5 5.9 8,100 | 10,200 | 9,200
4 i 200 1565 2315 6.8 6.8 8,300 | 11,600 | 10,000
5 " 250 2665 | 2660 8.1 8.4 10,600 | 10,600 | 10,600
6 u 297 3150 4010 10.8 11.2 10,600 } 13,500 | 12,000
7 Yalco 199 1405 1270 10.6 1z.8 7,100 6,400 6,800

cotton * v ' ' '

& Ar“:ﬁial 183 1245 | 1115 12.1 | 10.5 6,800 | 6,100 | 6,500

*V'O°'V°K
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22
TABLE III. Tearing Strength of Doped Fabdbrics
Sawmple Material L?ad in kg Resulting tear
' maxinun mean
1 Linen 6e2 4.4 Chiefly in warp
2 " 5,1 gd.4 Chiefly in filling
3 " 4,1 2.8 In both directions
4 " 5.0 3.0 Chiefly in warp
5 L 9«6 648 Diagonally
6 i 10.0 9.5 Chiefly in warp
7 Malko 28 2el In both directions
cotton
8 Artificial 342 e In both directions
8ilk




NoA.C.A., Technical Memorandum No. 693

TABLE IV. Change

of Properties from Doping (mean values)

23

' 7“1""““" & ,'1- Weizht Increase in Decrease in
Sample Meteria increase | tensile strength | mean Freak-
warp . |filling ing strength
g/®| 4 | kg/m kg/m | % m ;
1 Linen 84 60 310 21| 950 | 59 1,300 12
2 u 74 68 390| 27| 350 | 24 3,300 | =25
3 " w2 | 66 | 300| 26| 550 | 43 | 2,100 | 19
4 " 86 75 390 30| 750 | 48 2,600 20
5 ." 7 45 490 23| 740 | 38 1,200 10
6 " 74 33 5001 19| 990 | 33 700 5
v Mako 102 | 105 7501113} 610 ; 92 0] 0
cotton
8 Artificial 98 | 115 360 407 400 | 56 3,000 3
silk




TARLE V. A Few Specificetions for Coveri

Meteriel Varn nurtsr
Source Fabric and (British)
treatment worD I filling
DINL 21 Airplsne linen Linen yarn, 3C-2¢0 i 180~110
Germany lightly boiled
Air 5010 Tinen
Shecific ations of M (medium strenzth) Linen - -
French Air Ministry E (high " ) - -~
(very nigh " ) - -
Br, Eng. Stend. 4-0%. linen Lizen 80-20 95-105
Assoc, 5 7 1 grade 1 lightly boiled
4F 8 Mercerized co ttcA long-staple cotton 2-57 2-57
Great Uritein airplane fabri yarn, mercerized
grade 1
Dutch military specifi-
cations Jor militery Linen Linen - -
airplanes (1
U.S. Arcy Sig *ﬂl Corps Airplare linen Untleached linen
18,008-%, 4.5 Grade A - -
U.S. Army Specificcotions Airplane fabric Long-stenle cottor 2-60 2-60
No. 6-57-A rercerized cciton, yarn, rwercerized 1a ta

Grade A

TeoTuyoey *V*0°V°H ve

*0}] UNDPURIOUWSN

£69



TABLE V. A Few Specifications for Covering Fabrics (Cont'd)

. Tensile strength

:(kgzm)f ;

No. of threads| Weight
Source per cm g/nﬁ - alr-dry | wet : -doped
warp |fillingidry jair-dry | warp [filling| warp |filling | warp |filling
DINL 21 30-35 | 3&3-38 ) 140 1200 | "I350 1600 | 1800
Germany ' g T
Air 5010 ‘2831 | 2831 | 140! 154 2000 |'2000
Specifications of 28-31 | 28-31 1201 210 3000 | 3000
Frendr Air Ministry 21-24 | 2124 270 | 200 4000 | 4000
Br. Eng. Stand. 31 35 136 1600 | 1600 -
Assoc, 5T 1 ' :
478 | 21-23 | 31-33 153 1425 | 1425
Great Britain - -
Dutch military specifi? 20-30 | 20-30 160 - 160G 1600 1600 | 1800
cations for military . e
airplanes Cl
U.S. Army Signal Corps | 85-41 55741 183 1340 | 1340 T
16,003-B, U.S.A. 2%-35.| 23-35 153 | 1160 1160 ‘
U.S. Army Specificaw .| B1-33 | 31-33 153 | 1425 | 1425 i
tions No. 6-97-A '
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Figs. 1,2,10,14,15,16

- b

Fig. 1 Flax fibers swollen in cop- Fig. 2 Cotton fibers swollen in cop-
per ammonium oxide. V=400, per ammonium oxide. V= 400.

8
tearing strength.

‘Fig. 10 Apparatus for determining
tautness, elasticity, and
bursting strength of fabric.

Fig. 15 Structure of sample 1 Fig., 16 Structure of sample 4
(standard linen) V= 25, (1inen) V=25,
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Fig. 5 Tensile strength (kg/m) of a

linen (L), a Mako cotton (B)
and a viscose artificial silit (X)
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pheric humidity.
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Fig. 6 Percentage variation in tenagile
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Pigs. 7,8,9

a, Warp
b, Filling

Fig. 7 Most economical method
of cutting fabric samples.
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Fig. 8 Percentaze loss in tensile
strength of a linen (L), a

cotton (B) and a natural silk (S)

from weathering (according to Sormmer).
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Fig. 9 Percentage loss of tensile
gtrength of fabrics plotied
against hours of sunshine (according

to Sommer).
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Fig. 11 TForm of sample to determine tearing strength.
(S1it test)

Fig, 12 Form of sample %o determine tearing strength
(Tearing test)

Fig, 13 Form of sample to determine tearing strength
(Tongue test)
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Fig. 17 Tearing curves for sample 1 (L) and sample 7 (B)
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