REPORT No. 22
IN TWO PARTS

FABRICS FOR AERONAUTIC CONSTRUCTION

By SUBCOMMITTEE ON STANDARDIZATION AND
INYESTIGATION OF MATERIALS

Part 1.—COTTON AIRPLANE FABRICS
By E. D. WALEN

Assistant Physicist, Borean of Standards, and Member of Sabcommittea
on Standardization and Investigation of Materialy

* Part 2—BALLOON FABRICS
Gontributed by Burean of Stxndards, Balloon Fabric Committes

29165°—sS. Doc. 128, 65-2——28 438






REPORT No. 22.

_PART L

COTTON AIRPLANE FABRICS.
By E. D. WaienN.

PRELIMINARY REPORT.

The work on cotton fabrics as applied to airplane wing coverings
has by no means been completed, but certain preliminary investiga-
iveady drawn vl o of valus. s alowing preliuinaty seport 1

ady drawn e of value, the following p report is
presented. Time has not been available to put this material into
consecutive and sirictly logical form. It should be considered as a
series of notes containing the salient features of the investigation
developed up to this time.

The application of cotton fabrics to airplane wings has long been
desired, but the many unsuccessful attempts to substitute this fabrie
for the highly satisfactory linen have given rise to a general belief that
cotton is out of the question.

The objectionable features of the attempted cotton fabrics as com-
pared to linen were:

1. Low tearing resistance.

2. Poor penetration of the dope.

3. Little shrinkage upon the application of dope.

4. Poor restitution properties.

5. Cracking or peeling of the dope during the application of stress
to the fabric.

The Bureau of Standards undertook the investigation of sirplane
fabrics with the view of finding suitable substitutes for the gmen
fabrics, and it was decided that the fibers to be considered were
cotton, ramie, silk, and hemp. Of these, the cotton fiber was the
Togical one to be given primary consideration,

e long fibers, s as linen, ramie, and hemp, can be grown in
this country, but there are no facilities for their spinning. The
failure to develop the manufacture of these products has probably
been due to the nécessarily high labor cost for eareful ouring of the
ﬁbgflsk bﬁzforg manu.facture.thls -

ilk has been grown in this couniry experimentally, buf at present
the sup%y is entirely imported. mﬂ'ghs manufacture, however, has
been y developed and accordingly silk has been given considera-
tion and will be reported on at a later date.

It was decided to study first the physical properties of the satis-
factory linen fabrics and the general requirements of fabrics for air-
Ela.ne wing coverings, for the purpose of desi cotton fabrics

aving the desirable properties of & linen fabric and conforming to
the requirements of wing coverings.
435
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FACTORS AFFECTING THE DESIGN OF AIRPLANE FABRICS,

The following is & general consideration of the requirements for a
fabric airplane wing covering, together with the factors influencing
thelr attm%mellllt: than 4 to 4.5 ard

1. ight, not more than 4 o 4:5 ounces per square .
elg(a) Kind of fiber. persd d
- ensi(lb) Structure7 of fabric. i b of width
2, o str 0 to 80 pounds per inch of width.
(@) Kind of fiber.
(b) -Structure of yarn—method of manufacture.
(¢) Structure of fabrie—:
Threads per inch.
Method of interlacing,
(d) Treatment of material—
Chemical.
Finishing process.
3. Smooth surface.
(¢) Character of fiber.
(3) Character of fya.rn
(¢) Structure of fabric.
(@) Treatment of fabrie.
4. High fearing resistance. '
(a) Strength of individual yarns.
(®) Number of yarns being stressed—
Tensibility of yarns.
Method of interlacing.
5. Rigidity (compactness).
(a) Number and size of yarns.
(b) Method of interlacing.
6. Absorption of dope.
(¢} Xind of dope.
(3) Nature of fiber.
(¢) Twist and size of yarns,
(@) Treatment of yarns or fabric.
7. Shrinkagﬁupon the application of the dope.
(@) Dependent upon 6.
(3) Number of yarns.
(¢) Tensibility properties of fabrie.
8. Permanancy of shri afe.
(@) Permanancy of the dope.
(b) Tensibility properties of the fabric.
9. Advantageous proportion of the tensibility curves of the
warp and filling. '
(3 Analysis of tensible properties of the dope.
(b) Analysis of stresses in wing coverings during flights.

LABORATORY EXPERIMENTS.

The tensibility properties of the fabrics were determined in the fol-
lowing menner: éJpeclmens 20 cm. long by 8 cm. wide were raveled to
2.5 cm. wide, exposed to an atmosphere of 65 per cent relative humidity
at; 70° ¥, and then stretched et a uniform rate of 13 cm. per minute
and the load transmitted by the fabric measured by means of a test-
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ing machine of the inclination balanece type. The testing machine
was arranged to plot autogrephically the stretch against the load.
The graphs appended are reproductions of the autographic records.
In every case the curve showing the greater stretch is the warp
direction, and the curve showing the lesser, the filling. No attempt
has been made to assign ?ﬁeciﬁc reasons for the shapes of the curves,
but rather to draw useful conclusions based on marked differences

in shape.
The Pgra.ph PL 30 is typicel of the high-grade linen which is con-
sidered satisfactory. loops branching out from the right of the

curves show the behavior of the fabric when relieved of the stress
at the same rate as for loading and subseqﬁently loaded again. It
is observed thet the flatter the curve and the smaller the stretch at
the low loads the more nearly will the fabric return to its originel

langth,

enﬁhwas further observed that the condition of the tightness of linen
fabrics after doping was dependent upon the shape of the tensibility
curve, as the fabrics haying flatter tensibility curves, and smaller
stretch at the low loads, shrank to & greater degree of tightness than
the others.

The fabrics having the above condition of temsibility properties
naturally had better restituﬁ:;ﬂproperﬁes after doping and could not
be anently dented as easily as the others.

I;i am PL 36 is representative of the linen fabrics now coming
from and. Drawn on the same sheet are the tensibility curves
of the fabrics after doping.

It will be noted that the filling curve of the doped fabric is very
nearly & streight line and that the warp curve shows & marked giving
wey of the dope at & fgroximat&ltﬁg kg. load. This is indicative of &
permanent, set and although in this instance the dope did not crack
or peel off, a less elastic dope would have donse so, and thus expose
the fabric.

The stretch of the warp should be the same as that of the filling,
when the fabric is applied on the biss, in order that the fabric meay be
the most efficient in resisting uniformly distributed pressure. %‘hﬁ
type of fabric shown in PL 36 is objectionable from this point of
view.

The above ?% of fabric were taken as a basis for the physical
properties which should be embodied in & cotton fabric.

e exact influence of the variables of the construction of cotton
yarns and fabrics on the attainment of the desirable features of an
airplane wing fabric, as outlined above, were not definitely kmown.
Accordingly, several mills were asked to make samples according to
sphelciﬁed constructions which were designed to fix the limits between
which suitable properties might be expected to be found.

The resistance to ing 18 a function of the strength of the indi-
vidual yarns and the number of yarns 'beiug stressed. Accordingly,
the experimental fabrics were constructed o agr yarns verying from
2/40’s to 4/100’s and having from 50 to 90 threads per inch. The
raw cotton in all cases had a st:g»le of about 1% inches.

The following graphs show the tensibility relations of the more
satisfactory cotiton fabrics.



438 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.,

Fabric CP 25 when stretched on a frame in the same manner as linen
does not possess the necessary shrinkage, and has poor restitution
roperties. The dope will break when stress is applied to a doped
abric of this nature. These undesirable features can be overcoms by
stretching the fabric more tightly on & frame. This has many objec-
tions considering the practicability of such & procedure. The curves
show large stretch at the low loads. _ )

Fabric CP 7 has practically & balanced stretch condition, and if
Fut on & frame profperlywﬂl show good results. The thread count is
ow and the yarns fairly coarse, and the sample was observed to have
a }.u(ﬁher tearing resistance than any of the linens in the undoped
condition. Objection has been raised to its open structure, but it
was noted that one of the Italian planes was covered with a ramie
fabric of a more open structure.

Fabric CP 51 has many of the characteristics of CP 7, but has a
better shrinkage upon doping due to the lower stretch in the filling
direction. The surface is somwhat smoother and the fabric is more
compect, owin%to the smaller yarn size and higher thread count.

o graph PC 66 shows the stretch load relation of this fabric after
doping. 1t will be noted that there is a well-defined yield point at the
low loads which means poor restitution ]iro erties and conseqltllently
baggy wings. This condition is due to the lerger stretch of the raw
fabric at the low loads.

The graph PC 72 shows the load stretch relation of the fabric CP
50 when doped. The yield point at the low loads is not so prominent
as was the case in the fabric CP 51. The tightness after doping was
much better than in the case of fabric CP 51.

Fabrics CP 22 and CP 26 are practically the same as regards
tensibility properties, but are quite different in structure. These
fabrics are made of yarns mercerized under tension. Both of these
fabrics shrank to a tightness which was much better than the linens.

Graph PC 87 shows the properties of a fabric made of 4/100’s. It
will be noted that the curves sre extremely regular and are very
similar to CP 50 and CP 51. This fabrio when g.z;e_d produced the
same degree of tautness as the fabric PC 50, but possessed better
restitution properties Graph PC 75 is fabric PC 37 after doping.

Fabrio CP 22 was put on a wing section of & J N4 %)laue at Langley
Field. The Italian mission, which was on the field af the time, stated
that it was exceptionally good and much better then the cotion
which was being used during the recent advance of the Italian Army.

Fabric CP 26 was designed after a study of the many cotton
fabrics which had been made in accordance with our instructions and
after CP 22 was tried out. The curves were flattened by mercerizing
the yarn and this also took out the crimps of the yarns and fibers
making very little stretch at the low loads.

Graph PYOY74 shows the tensibility properties of CP 26 before and
after glo ing. The close similarity of these curves as compared with
those ofp the linen PL 36 is to be noted. It will be further noted
that the filling and warp curves are closer together than are thelinen
curves, This means that the fabric will withstand more pressure
than the linen if each is put on the bias. The nitrate and acetate
dopes produced practically the same satisfactory tx%tness.

raph PC 70 shows the load stretch relation of the warp of CP 22
when doped with & nitrate dope. This curve shows a distinct yield
point, at which the dope cracked.
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Graphs PL 38 and PC 74 show the similarity of the restitution

properties of cotton CP 26 and linen PL 36.
raph CP 61 shows the condition of fabric CP 17 after two months

continuous exposure to the weather. It was observed that if the
dope held up there was very little decrease in the sirength of the
cotton fabries.

Graph PX 45 is that of a ramie fabric.

Graph PX 46 shows PX 45 after doping.

FIELD EXPERIMENTS.

Samples of cotton fabric of several classes of tensibilify curves
were tried on engine sections of airplanes at Langley Field and at
Pensacola. The following is a summary of the comments of the
mmmandingngnﬁgrs of these two experimental stations:

LangrLeYy —The fabrics were put on engine sections as
nearly in sccordance with the present practice as was possible, and
doped with six coats of Dupont No. 20 dope on the bottom side and
four coats of Dupont and two coats of varnish on the top side.

Fabriec CP 50 dopes well, but is easily and permanently dented.
linFss.bric CP 22 takes dope beautifully and is considered better than

en.

Fabric P 25 does not absorb the dope and does not shrink well.

All of these fabrics are giving good service.

PensacorA.—Fabrics were strefiched on engine sections as tightly
as possible and doped with Emallite dope.

abrics P 7, CP 50, and CP 17 were tried. The first application
of dope appeared to cause the fabric to slacken, but subsequent
coats’in every case tauten the fabric, and after five coats it is in
as good condition as linen after the same treatment. Thesesamples
have been put in actual service, and, although the tests are not con-
cluded, the indications are that they are equally satisfactory with
the linens now being used. Fabric Cyé 17 is the best of the three.

SUMMARY.
1. Cotton fabrics can be made which will be suitable for airplane

wings.

2. Cotton fabric CP 26 possesses the same characteristics as a high-
grade linen and is the best of the present cotton fabrics. Its resist-
ance to tear is slightly less than that of high-grade linen.

3. Cotton fabrics are as & rule more even in texture then linen.

4. Fabrics made of yarns mercerized under tension and with proper
twist and thread count possess the same characteristics as linen.

5. Fabrics made of unmercerized yarns can be used with a fair
degree of satisfaction.

6. The restitution properties of a fabric depend upon its tensibility
curve, the ply, and the twist of the %a.rns

7. 'The tensibility curve is a valuable basis for specification.

8. The tensibility properties and fearing resistance of cottons can
be varied to meet the reqfuirements in any given case, so that & much
more satisfactory fabric for any type of sirplane can be designed.

9. The tensibility curve is & valuable index in determining the
suitability of & particular fabric for wing coverings.

'WasHINGTON, October 12, 1917.
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Laboratory No., C.P.22,
Date, August, 1817,
Kind, fine Sea Island, mercerized in yarn.

‘Warp. Filling.
e 3,83 8!873
. 8840

Twist per ieh. .. .singles. .
Twist Eer inch .doulgﬁng

Dimensfons, 20 by 2.5 centimeters.
ght per square yard ,3.80 ounces.
eave, plain,
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Labont o., P C 5.

opmf Par%AustIn. 4 coats.

%mlmeu by 2.5 eenumters.
eight, 7.3 ounces
e 2 oaioes per 5q
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STRECTH (centimstars).

Laboratory No., 0. P. 26.
Date September, 1917,

E?emmen dimensions, 20 by 2.5 centimeters,
eight pehr[g‘qm yn.rd, ounees.

Wear
29165°—S. Doc. 128, 85~2——29
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STRETCH (centimetexs),

Laboratory No., P L.38. TFilling, P, C. 3

Date, Seplember, 1917, & 74 lting
nd: Cotton, P. C. 74; linen, P. L. 6. -
tfon, un .

Warp. Filling.
Threads........ .:."5. cameee
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STRETCH (centimetars).

mtotégo., P, L 88

ghlon, Porry Austin; 4 coats; no dope.

Warp. Filling.

?eolman dimensions, 20 by 2.5 cant{metars,
gl:vt;t'ptfndoped, 3. 6oungea per square yard; doped, 5.4 ounoes per square yard,
td

Note.—Clean break; no peeling of dope.
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STRETOH (centtmetars).
Laborato) P, X. 45,
Date Aug‘ust ibe
Kind, tamie,”’
‘Warp. Filling.
Threads.... 97 06
Yarn No., . Byl 601, metric.

%edmdlmmions, 20 by 2.5 centimetors,
elght, 4.6 cunces
w et sguare yard.
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m 417, marcerized in the yarn.
Inthayam,relaﬂvehmmdlty,"upeteent.
Warp. Filling,

Threads - 58 56
Yarn No., . ———— 2/40 240
Twist per fnch... 20 18
Twist per Inch. .doub. 13 1

Dimens{ons, 20 ‘by 2.5 oentimeters.
Weigh.t,
phl.n
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STRETCH (centimetezs).

Laboratory No., P. C. 74.
Datod,isap. y 1817,

on:
Undoped, d 4 ooets.
Dupont No. 204, doped 4 ocets.
Pearry Austin B,
B e:n dimensiong, 20 by 2.5 centimeters.

d od, 4.0 cunces per square yard.
n OP ﬁlmmoespersquareyud.
Dmon €.0 gunces per square yard, ,
‘Weave, plnm
Nore.—Clean break—no peeling.
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PART 2,

BALLOON FABRICS.

BY BUREAU OF STANDARDS BALLOON FABRIC COMMITTEE.

INTRODUCTION.

The life of & balloon fabric in service is important from the stand-
point of efficiency, safety, and economy. If is therefore highly de-
sirable to be able to determine quickly, in advance of balloon con-
struction, the probable wuseful life of a fabric. As a contribution
toward the sofution of this problem the Bureau of Standards has
undertaken to correlate with the actual usefulness of the fabric in
service the results of various laboratory tests after exposure to con-
ditions intended to accelerate the ageing of the material. The fol-
lowing reports %}'e in a preliminary way the progress meade in a
typical series of life tests.

or these tests five sﬁl& of dirigible fabric and three samples
of ballonet fabric were . The physical characteristics of these
materials, such as weight and construction of the plies, are given in
the following table. e weights of fabric and rubber are those
given by the manufacturers.

Tasrr 1.—Description of balloon fabrics.

Construction (welght in cances per square yard).

Description. Outsid Robbe Tnside
fabrie. ? | Straight T| Dias Total
rubber between rubber
coab. mbrf: Plles, fabrie. coat, | Welght.
¢.5 4.25 3.9 .55 0.5 1.7
N 2.67 314 2.67 .3 9.28
£.7 3. 2.67 N 1.8
45 45 3.30 2.5 25 10.25
45 25 3.30 2.5 «25 8.26
Nome. 2.05 3.0 2.06 None. 7.1
Nans. 2.5 3.30 .5 Nons, 7.5
[Bingls ply of fabrie; one coat of rubber.] 6.8

METHODS OF EXPOSURE AND PERMEABILITY TESTS.
By Jurtus Davip Epwarps, Assistant Chemist.

(@) Methods of exposure.—The effect of exposure to weather (sun
and rain), the effect of exposure to heat alone, and the effect of ex-
posure to ultra-violet light are being studied. The effect of weather
and heat will be reported at this time; the work on the effect of the

459



460 ZREPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICE.

ultra-violet light has mnot yet progresSed far enough for definite
report.
or exposure to the weather, samples of the fabric 5 yards long
were mounted on wooden frames. e frames were placed running
east and west, s0 that the fabric had a southern exposure, with a
slope of about 10 degrees, which allowed rain to drain off quickly.
A good ides of the weather conditions existing during the period of
exposure can be obtained from the weather records tsken at the
American University, Washington, D. C., and which the U. S.
Weather Bureau has i:i.ndly furnished. These data are summarized
in Table 2, and the number for each period will be used later in
referring to this table for weather conditions. The ballonet and diri-
gible fabrics were exposed over different 30 and 60 da{]ﬁeriods; the
eriods for the ballonet fabrics are numbered 5 and 8 while the same
ength periods for the dirigible fabric are numbered 2 and 4.

’.I.she eat exposure was made in electric ovens maintained at a
temperature of 70° centigrade. The air in the ovens was kept in cir-
culation by a fan, and it was tgossible to maintain the temperature
approximately constant and the same within a few degrees in all
parts of the oven occupied by the samples. 'The ovens had ventilat-
Ing ports open to the air in the room; no attempt was made to regu-
late the humidity of the air in the oven. That the conditions in the
oven were not strictly uniform, was shown by the uneven appearance
and stiffness of the fabrics after several weeks’ heating.

TaBrLr 2.—Weather conditions—Observations made at the American Universily, Tash-

ington, D. C. .
Tatal Precipitation.
radiation A
gram VOraf
Pertod. Number | calories m;:nfG

of days. per Inches | D8yson | tem-
square which it ature.
oirsin. | Tineq.” [P

(2) JULY 17-AUE. 18- e neennereeeeeeeeeaeeceeanans 301 13,68¢ 4,68 1 1.8
3y July 17-Aug, 30.... Il 45 835 4,00 21 7.9
&) July 17-Sopt. 14.. 60| 25320 5.92 2% 4.0

July 17-0¢t. 14..... w| 32480 6.24 2 68.0
5) Aug. 15-Bept. 18 o 11,78 1.3 16 20.0

Aug.186-Qqb. 15,0 Il @] 196 2.58 84.0
6) Aug. 18-Aug. 81.. ... LIl IIlIIIITIIII 15| 705 .24 ] 7.0

() Method of determining permeability.—The apparatus designed
at the Bureau of Standards for determ.inini the permeability of
fabrics to hydrogen consists of a cell divided by the fabric into two
ges chambers, one of these chambers is maintained an atmosphere
of hydrogen and through the other chamber a slow current of air is
passed. e hydrogen diffusing through the fabric is carried by the
stream of air into a gas interferometer where the Ogercentage of
hydrogen in the air is determined by an optical method. From this
percentage and the total volume of air, as determined by a mester,
the rate of passage of the hydrogen through the fabric is computed.
This method is the same as that used by American and English
manufacturers for testing purposes except that the hydrogen is here
determined by means of an interferometer instead of by combustion
with subsequent weighing as water.
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The permeability cell is immersed in a constant femperature water
bath in order to keep the erature of the fabric during test at the
standard temperature of 25° ¢. The pressure of hydrogen is 30 mm.
of water above atmospherie pressure. The results are calculated in
liters (at 0° C. and 760 mm.) of dry hydrogen difusing per square
meter of fabric per 24 hours.

The standard temperature of test abroad is approximately 15° C.
and for pruuli?bww of comparison it may be stated that the permeability
of most erized fabrics at 15° C. is a;r)l}froxjmately 65 per cent of
the permesability at 25° C.; this holds only for fabrics of moderate
permesbility, i. e., 10 o 20 liters. The rate of change of permesbility
with change of temperature for a number of fabrics, foreiigmgnd
domestic, is shown in Figure 1. Fabric No. 10568 was a ch
fabric; the others were manufectured recently in this country.
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(¢) Effect of weathering on permeability.—After the eﬁ)ﬂosura tests
had proceeded for a number of weeks it was observed that the per-
mesbility of several samples had decreased considerablg’. i
decrease was accompanied by an increase in the hardness and brittle-
ness of the %as film which rendered it particularly susceptible to crack-
ing. In order to detect this brittleness, which is an obvious sign of
deterioration, a method of wrinkling before testing was devised.
The fabric was attached to two parallel clamps and wrinkled by
drawing over a metal edge at an angle of 90 degrees, ten times under
a tension of 179 grams per centimeter (1 pound per linear inch).
This wrinkling was without effect on the permeability of a sound
fabric but was useful in detecting any hardening of the gas film
(the gas tight rubber coating) where deterioration had commenced.
All test pieces which were wrinkled before testing are designated in
the following tables by the letter “w."”
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Five samples of dirigible fabric and three samples of ballonet
fabric were tested in one series, for which results are given as typical
of those being secured in thiswork. The dirigible fabrics were rubber-
ized on the inside, outside, and between the plies; the ballonet fabrics
were only rubberized between the plies with the exception of No.
22795 which was a single-pl{l fabrie. Although the ballonet fabrics
are not; exposed to the weather under service conditions, they were
eXP%SﬁE in these tests to determine the effect of weathering on the

ag film.
g The results of the 'Bermea.bility tests after different periods of
exposure are given in Table 3. It seems apparent from these data
that the aﬁi.ng of the fabric usua.]lgez;sufts in 8 decrease in permeabil-
iTtK. Similar observations have made by other investigators.!

e permeability after mamés Iowest value rises rapidly again
particularly if the fabrio is wrinkled, and this point marks the end o
the period of usefulness of the fabric as a gas container.

Examination of the exposed fabric frequently showed a marked
increase in stiffness even to the point of brittleness. Fabries 22151
and 22152 for example showed this very markedly after thirty da%s.
Other evidences of weathering noted on different fabrics were t
disa.pgea.rance of the outside rubber films, bleaching of the fabric
or rubber compounds, separation of outer fabric from the gas film,
failure of seams on the bias fabric.

Tanre 8.—Effect of exposure to weather on permeabilify,

Permeshility of fabric at 25° . (Hiters, per square mater pe} 24 hours).
Fabrio
No. Deseription. Unex- | 20days | 45days | 60days | 90days | 20 dayw | 60 days
posed. | (period | (perlod | (perlod | (perfod | (perfod | (perlod
2). 3). 4. . 5). 8).
10850 | Dirigible body....... 7.1 26 L& L8] 8T50.0W |.oveeenerferrennnnnnn
10652 | Dirfgible lower body.| 18.6 me| 68 YRR 70 O R
10653 | Dirlgible upper body.| 16.7 4.4 6.9 1.0] 165w feereeneeeennnnes
- :
32161 |..... A0eenrenerennns 15.8 7| 850 VN1 } IR IR I
83| 2,700.0w
22152 | Dirlgible lower body.| 18.8 79,0 %ugg.‘gw 83,0000 [eeemeneenns)ooreneenes)oremmnnnnnn
10651 | Ballonet. ..eeuuenee.. 1151 Y IR, i N RN 28.7 | 44, 500.0m
440w | 7200w
29150 |..... A0uerrrnernnnnnn -3 ISR IR R R 3.3 15. Bor
9.9w 44, 5w
275 |- A0unennnearnnnnns L 20 NN SO A R 1.6 o 0w
1,525, 0w

NoTte.—Whera two values are given in the table it indicates that two test pleces were run.

From the standpoint of permeability the five dirigible fabrics
may be ranked in the following order: 10653, 10652, 10650, 22151
22152. At the end of 90 days fabric No. 10853 was still in gooci
condition; No. 10652, although of the same oo'mﬁ)osition, was of
lighter weight and showed signs of deterioration at the 90-day period.
Fgabric No. 10650 began to show excessive leakage after wrinkling
at the end of 45 days. Fabrics Nos. 22151 and 22152 failed com-
pletely under the same conditions within 30 days.

1 Barr and Thomas, British Advisory Commlttee for Aeranautics, vol. 8, 197, 1913,
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d. Effect of exposure to heat on permeability.—The results obtained
after hgtingfin ’gfl electric oven at 70° C. are given in Table 4. The
results after 60 days’ heating show no great differences in perme-
ability of the five dirigible fabrics and are therefore without value
as a criterion of the aging properties of these materials; indeed
they are misleading. For exa.m;?lz, fabries 22151 and 22152, which
gave evidence of rapid deterioration after only one week’s exposure
to the weather, were plieble and Pra.ctically as ges tight as the
original material even after 60 days’ heating, whereas fabrics 10652
and 10653 were very stiff after 60 days’ heatmg but still showed no
excessive leakage. These differences were noticed on all test pieces
end could not be attributed to unequal heating.

Tarre 4.—Effect of exposure to heat on permeability.

Permeability of fabric at 26° C.
per squars meter per 24 houvrs).

2
i

Febric Description.
Unex- | 7ds 28da 60 da;
posed. |at 70'?5. ys- ys.

7.1 18.9 181w Llw
18.6 1.9 8. Tw 17.2w
167 10.6 13. 8w 8.8w
158 Lo 12 8w 3. 5w
5.8 158 19.9w 1L dwr
15.0 2.6 23w 5.0w
1K 1.8 12 5w L Bwr
17.4 54.0 s 1w 634.0w

The permeability test after heatindgﬁ‘appeams to be without value
as a means of judging fabrics from different manufacturers; it may
be positively misleading. This test may find some use, however, in
comparing fabrics having rubber compounds of similar composition.
The deterioration after heating is in some cases not as severe as after
exposure in summer weather in Washiﬁon for a similer period,
and it appears certein that the effect of light in the aging of the
fabric can not be neglected. Any accelerated test should make use
of light as one of the deteriorating elements.

o greater part of the work immvolved in exposing the samples
and m&nﬁthe permeability tests was performed by Messrs. P. G.
Ledig, I. 1. Moore, and F. A. Smith, to whom credit should be

iven for the efficient performance of these tests.

CHEMICAL TESTS OF BALLOON FABRICS.
By J. B. Tormix, Associate Chemist.

Rubber, both crude and vulesnized, is insoluble in acetone. All
crude rubber contains, however, more or less of other substances,
called resins, which are soluble in acetone. In all of the high-grade
rubbers this amount is small, usually from 3 fto 4 per cent of the
total. When rubber breaks down through aging, oxidation, etc.,
the decomposition products are soluble in acetone. We may there-
fore look upon this test as one indication of the life of rubber dgoods ;
& slight increase in acetone extract from time to time would show
normsal agirg, while & rz,ﬁid increase would indicate that the life
of the ruf)%gr was practically at an end.
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The method employed at the Bureau of Standards for making ex-
tractions with acetone, is as follows:

Place & 2-gram sample in an acetone-extracted S. & S. paper thim-
ble and extract continuously with acetone for eight hours, unless the
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F9.8. EXPOSURE TO WEATHER

solution in the thimble is still colored at the end of that time, when
the extraction shall proceed the next day for & further period of four
hours. Transfer the extract to a tared 100 or 150 c. ¢. Erlenmeyer
flask, using chloroform or benzene for dissolving any material which
may have separated from the solvent during the course of the ex-
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traction. Drive off the solvents at as low a temperature as possible,
usin.gaa. gentle current of air. Care must be taken to avoid allowin
the fiasks to stand on the steam bath after the solvent is removed,
and while the air is still Eassing through it, since agﬁreciable quanti-
ties of free sulphur may be lost by so doing. Dry the flask and con-
tents in an air bath at 90° to 95° C,, cool and weigh. Calculate the
results to percentage.

The acetone extract thus determined always contains the free or
uncombined sulphur. The amount of this sulphur is determined,
and the proper correction made. The method for determining the
free sulphur is as follows:

Add to the flask containing the acetone extract 50 to 60 c. c. of
distilled water and 2 or 8 ¢. c. of bromine. Heat gently on the steam
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F79.3. EXFOSURE TO HEAT— OVEN AT 70°C.

bath until the solution is practically colorless and filter into a 250
c. ¢. beaker. Cover the beaker with a watch glass, heat to boiling
on the steam bath, add 10 e. ¢. of 10 per cent barium chloride solu-
tion, and allow the precipitate to stand overnight. The next day
filter the precipitate on 11-cm. 590 S. & S. filter paper. Ignite in a
small porcelain crucible, using & small Bunsen flame, and not allow-
in% the paper to inflame; cool and weigh. Calculate the barium
sulphate to sulfghur by means of the factor 0.1372, and calculate the
percentage of free sul%mr

The amount of sulphur thus determined is deducted from the total
amount of the acetone extract, and the difference is usually reported
as “acetone extract—corrected.”

Figure 2 gives a comparison of the rate of change in acetone ex-
tract of the various fabrics when exposed to the weather, and figure

29165°—S, Doc, 123, 65-2——80
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3 gives the same comparison when the fabrics are heated in the dark,
The weather exposure test closely approximates service conditions
and we may therefore look u[%on the curves showing the rate of de-
terioration as an indication of the relative life of the fabrics. This
has been confirmed by actual experience. It will be noted, however
in comparing figure 2 with figure 3 thet the curves are not identica
for the various fabrics. In the dry-heat test the most rapid change
occurred in fabrics which withstood the weather exposure the best.
It is obvious from this that the heat, or oven test, does not give
any accurate data as tothe probable kfe of balloon fabrics.

ore is still a possibility that whep exposed to the weather, rub-
berized balloon fabrics may decompose to such an extent as to lose
their valuable properties (impermeability, strength, ete.) without the
decomposition products being soluble in acetone. This, however, is
an extremely remote possibility, and we may say, in general, that a
slow rate of change in the acetone extract indicates & long life, and a
rapid change indicates a short life.

PHYSICAL TESTS OF BALLOON FABRICS.
By E. D. WaLeN, Asgistant Physicist.

In the study of the deterioration of balloon fabrics it is of impor-
tance to consider the change in the %Islysical properties upon which
depends the life of a balloon as regards its resistance to stresses.

he conventional balloon fabric is made up of two cotion fabrics
or plies, termed ‘‘raw fabrics,” cemented together by & film of rubber
compound called the “gas film.” The function of the raw fabrie is
to resist stresses and to protect the gas film from exposure to abra-
sion and weather.

One raw fabric, the ‘“bias,” has its systems of yarns, warp and

ing, at 45° to the warp and filling, respectively, of the other raw
fabric, termed the ‘“parallel” fabric.

It has been maintained that the tearing resistance of a balloon
fabric made of a parsllel and bias ply is greater, and that there is a
more equable distribution of stresses in the sgstems of yarns than
with one which is mede of two plies having the systems parallel to
each other.

Rubber is sometimes placed on each side of the plied material to-
protect the raw fabric from acids which might form on the inside of
the balloon, and from weather conditions, when the outside of the
gas bag is not protected by an exterior protective coating.

METHODS OF TESTING.

TeNsBILITY ProPERTIES.—The tensibility properties may be best
expressed in the form of & load-stretch diagram which is & graphical
representation of the manner in which the fabric stretches when
tension is applied in the direction of one of the systems of yarns.

The curves were obtained in the following manner:

Samples 2.5 centimeters (.985 inches) wide and 18 centimeters
(7.1 inches) long were cut out of the fabric in each of the four direc-
tions of the systems of yarns and cﬁlaced in the clamps of a con-~
ventional testing machine of the inclination balance type. The dis-
tance between the clamps was 10 centimeters (3.9 inches). The
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fabric was then stretched at the rate of 13 centimeters (5.1 inches) per
minute, and the load (or resistance of the fabric to being stretched)
was drawn autographically against the stretch.

The slow speed was used in order that the results might be reason-
ably free from any inertia effects existing in this type of testing
machine while in operation. It was observed that the variation in
the breaking load of the fabric was very small when the material
was tested at this speed, and that the breaking loads or tensile
strengths given on the graphs are within the average variations of
the individual tests. e absolute form of the curves varied even
less than the breaking load.

The autographic device used consists of & light drum and an inter-
mittent pen moving along the axis of the drum. The drum is oper-
ated by the motion of the balance arm of the testing machine and
the pen by that of the pulling clamp. The correction for the motion
of the clamp attached to the balance arm was made by the use of
skew coordinate paper having & reference line which subtracted
graphically the motion of this clamp. These correction values are

roportional to the loads and wete obtained by calibration. The
3]151 roduced by the intermittent pen were then connected by
8 es.

The stretch may be read at any load, either in centimeters or per-
centage, directly from the graphs.

Bursting Test.—In the bursting test the material was subjected
to uniformly distributed pressure in the following manner:

Sﬂes were clamped in a circulsr container of 21.6 centimeters
8 es) diameter so arranged that the fabric could be subjected
to air pressure on the inside and would be free to deflect by reason
of the action of the pressure. The inside edge of the clamping ri
next the fabric was chamfered to & radius of 3.2 millimeters (k mrﬁlg
to prevent cutting of the material &t the ring.

fsbric container was connected to en sir reservoir in which
was maintained a pressure of 150 pounds per square inch (10.6 kg.
pereq.cm.). A valve in the connecting line was opened a very
small and like extent for each test. This appeared to be the most
feasible method of controlling the time element, since, as has been
shown, if a fabric is stressed at very slow rates it makes little differ-
ence whether the fabrie is stressed in equal increments of load or in
equal increments of stretch. In this method of applying air pressure
there is little flow and consequently the pressure may be considered
as being equally distributed. The air pressure under the deflected
fabric was drawn autographically against the deflection of the center
point of the fabric by means of an ordinary steam indicator.

The contour of the inflated fabric at several sections perpendicular
to the original plane of the fabric was determined by measuring the
vertical displacement of small rods held at known and constant
distances on centers., Displacements were measured to the nearest
%mndrb dredth of an inch at points distributed over the surface of the

abric.

The results obtained with this improvised agﬁaratus were such as
to warrant the construction of & similar though more refined
apparatus.
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- Treasing ResisTanoeE.—Inasmuch as this discussion has to do
. with the deterioration of balloon fabrics whose plies are of practically
the same construction, it is reasonable to assume that the change in
tearing resistance may be deduced from a consideration of the change
in the tensibility properties, keeping in mind that the tearing rosist-
ance is a function of the strength of the individual yarns and the
number being stressed.
WeieHT.—The weight was determined by weighing four samples
Ffbti_square inches (25.8 8q. cm.) taken from various places in the
abric.
VALUE OF TESTS.

TeNsBILITY.—In many-instances in_ the determination of the
deterioration of balloon fabrics the tensile strength does not chnnse
materially, although a change occurs in the general shape of the load-
stretch diagram. other cases it is difficult to determine the exact
point of rupture of one raw fabric, since after exposure some fabrics
appear to give way slowly while being s:_lﬁported )y the rubbér film.

o tensibility curves show graphically what is actually taking
place in the raw fabrics when they are stressed and, in some cases,
the condition of the rubber film in 1ts relation to the properties of the
fabric.

Burstivag.—It is very difficult to visualize the resultant effect of
a difference in the tensibility properties determined in the direction
of the systems of yarns when these yarns are a.ctin§ in conjunction
with each other. For this reason it was thought advisable to sub-
ject the fabric to uniformly distributed pressure to show more readily
the resultant deterioration of the material. )

WeieET.—The change in We]ﬁht of an exposed balloon fabric is
apt to lead to conclusions which are not correct, since the state of

erubber films may influence the moisture content of the fabric and
there may be soluble substances in the rubber compound which may
be washed out.

Kinps or Exposure.—The samples were exposed to weather and
oven conditions as outlined in part 2. The same tests were applied
to all samples.

RESULTS OF TESTS.

The tensibility }iroperties are shown in the load stretch diagrams
figures 5 to 12, inclusive.! .

The graphs, figure 4, show the relations between the air pressure
and deflection of the center point of the fabric when the material is
subje?ézrted to the bursting test, and the system of yarns which gave
way first.

t Ingsmuch as the exact dosignation of the system of yarns has no bearing on the purposs of this paper,
thawarpwrggghgullmgk utthassveralmfabdosmaybemversed,butthssamemtemol eads bears the tame
name
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Table 5 gives the maximum values of deflection and pressure

obtained from the bursting test.
Table 6 gives the approximate calculated tension in the material

at the time of bursting.
TasLE 5.~Dirigible fabric.

.—B=Warphias; W.—P=Warp parallel; S—System of yarns way first; Pe Preasure pounds
oW, it nqusre%mh; De=Defloction of conter £1nt A per

LOWER BODY.

UPPER BODY.
Fabrie No...vevueseneennnann 10653 2151 10850
P, D. 8. P. D. 8. P. D. 8.
3
a5
25
25
a5
25
Pabrio NO..cceraraencnnnnnne 22150 22706 10651
Exposure. P. D. 8. P, D. 8. P, D. 8.

TasLe 6,—Dirigible fabric.
[T=lbs. tension per inch of width; Tm=Eg. tension per 2.5 cm. of width.]
LOWER BODY.
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TaBre 6.—Dirigible fabric—Continued.

TPPER BODY.

Fabrlo NOwe.orcvecnenanennns 10653 10650 22151
Per FPer Per
Exposure, T Tm [0 T | Tm | S| T | Tm cent
£Teass, crease. CTenss
300 134 0 300 134 g 25 105 (1]
242 108 2 |...... 144 64 39
.U I 20 216 97 a3 130 5B 45
242 20 03 )8 142 63 40
Ml ........ 0 194 87 <. 3 SR R E,

22% 103 25 31
BALLONET

Fabrie NO...caaccarceenonend] 32150 22756 10851
oot ot cont
cen cen

Exposure. T Tm. de- T. Tm. de- T, Tm.
crease. cTesse. crease.
gs ........................... 183 82 Q 114 L § ¢ 183 82 ]
EZ:::Z::ZI::IIIII::. 170 8 g - a5 TR 150 a0 2.6
L RSN I 1 67 18 ) a2 B7TLEG Ty T

DISCUSSION OF THE RESULTS OF THE TESTS.

Tensibility.—It will be noted that some of the curves of the load-
stretch dia.%ams are not continuous, but have an abrupt indi-
cating the breaking of the systems of yarns being tested. is is
followed by a straight line which terminates at another point of
abrupt change. The balance arm of the testing machine is held at
the position of the maximum load, between the two %gints of abrupt
change, and hence does not show the manner in which the biased
systems of yarns adjust themselves. The true shape of the curve
is shown in diagram (C) figure 12. Points A and B in all other dia-
grams are connected with & straight line. The part of the curve
above the point A has no value except for checking the strength of
the ply cemented to and lying at 45° with the system of yarns being
tested. For this reason only the part of the curve below the point
A will be discussed.

The lower part of the load-stretch diagram of the raw fabric up to

about & kg. is very nearly a straight line, and beginning at this point
and extending to gbout 10 kg. there is a rapid c in the rate of

curvature; beyond the termination of this part of the curve the
cha.néi in the rate of curvature is again very small. Thus, a load-
stretch diagram or tensibility curve may be spoken of as consisting
of three sections to be known as 1, 2, and 8, respectively.

The shape of section 1 isinfluenced almost entirely by the fabric
characteristics, and is & function of the dismeter and number of
yarns, the resistance of the yarns to bending, and the relation of the
one system of yarns to the other. The result of these relations,
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commonly termed crimp,” may be expressed as the increased
length of the yarns due to interla.cin%.1

t the end of section 1, the crimp hes been teken out to such an
amount that the characteristic of the yarn has begun to predominate,
and there is at the end of section 2 an adjustment of the fabric.

The shape of section 3 is influenced by the yarn characteristicin its
oonstra.ineg position. If the erimp is very small in one direction,
this portion of the curve will be parallel to the Joad-stretch diagram
of an equal number of unwoven yarns, and there is a divergence
from the diagram of the yarns as the crimp of the fabric is increased.
Hence it is xossible to assign reasons for the change in the sections
as compared with the diagram of the fabric before exposure.

Ii, as cited below, there is a radical c.ha.nﬁe or reversal in the curva-
ture of section 1, and aslight change in the other sections, or more
particularly in section 3, the cause must liein certain constraining forces
which are not existent in the raw fabric. This condition is shown
in the 60 days’ exposure curve of fabric 10651. In this case the
rubber film was found to be cracked at the reversal of the curvature
of the lower portion of the curve, and it is logical to assume that the
constraint was due to stiffening of the rubber.

Sometimes thereis a mertgm% of the three sections, as in. the difﬁr:m
of the 30-days exposure of fabric 10651. It is probable that this is
caused by congtraining forces of the same nature as those just referred
to, which persist throughout the entire lower portion of the curve,
unaccompanied by any noticeable deterioration of the raw fabric.

A consideration of the load-stretch diagrams of the wa? parallel
of fabric 22151 and 22152 and the warp and filling of 22150 and of
fabric 22795 before and after exposure, would appear to demonstrate
that the deteriorations of the raw fabric were made evident only by
the decrease in, the tensile strength, since no change is evident in
shape of the curves.

here are four ty'ﬁfs of deterioration which might exist in the
balloon, fabric and which may appesr in the load-stretch diagram:

1. One plg deteriorating.

2. Two plies deteriorating.

3. The rubber film deteriorating to such an extent that its stretch
fails to follow that of the fabric.

4. Combinations of three with cither one or two.

Deterioration of one ply is shown in the curves of fabric 22150,
30 days exposure, where the bias ply has lost considerable strength
and the parallel fabric has remained constant. In every case an un-
protected ply which has been e.arlposed to the weather and directly
to the sun has deteriorated rapidly.

The condition of the two gln?ls geteriora.ting without an apparent
deterioration of the rubber was not observed in these experi-
mental fabrics. ”

An, instance of two plies deteriorating accompanied by a discernible
deterioration, of the rubber film is shown in the curves of fabrics
22151 and of 22152, In the bias curve of these fabrics, it is diflicult -
to determine the breaking point of the system of yarns heing tested,
since there appears to be an incipient breaking down. of this system
of yarns at the lower portion of the load a%ﬁxcat.ion. .

e deterioration of the rubber film ss discussed in this portion
of the paper has bearing on the péiméability only in so far as
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change in the lower portion of the load-stretch disgram may be
taken as an index of the state of the film as regards its ability to
remain intact up to the breasking point of the fabric.

Bursting TESTS.—The determination of the contour surface of the
fabric at the time of the bursting leads to the conclusion that any
vertical section taken through the center point conforms very nearly
to an arc of a circle, or that the curvature of the surface is the same
throughout. In some instances slight deviations from this condi-
tion were noted.

The tension in the fabric may be approx:ima.telg caleulated by the
use of the simple formuls for the tension in a hollow sphere of thin
_wa!]s which is subjected to uniformly distributed pressure from the
inside.

PR

T

2

When T=tension in pounds per linear inch.
R =radius of curvature in inches.
P =pressure in pounds per square inch.

The bursting tests show that there are three genersl cases to
be considered.

1. A decrease in the tension of the fabric at the time of burstin
dur'm% the early part of the exposure followed by a condition o
equilibrium which may be caused by the following conditions:

(@) One ply deteriorating and the other remaining econstant.

(3) Both plies deterioratingbvery rapidly at first, followed by a
gradual decrease which mey be due to the changed condition of
the rubber film.

2. A steady decreese which is probably caused by a deterioration
of the entire balloon fabrie, ‘This is probably the result of the libera-
tion of a free acid from the rubber ﬁﬁns

3. No apparent change in fension.

The condition of 1-a1s shown in the bursting tests of fabric 10850,
which apparently has lost considerable of ifs life at the end of 45 days,
and at the end of 90 days is somewhat better. In this case it is prob-
able that the condition of the rubber film is playing an important
part in the increase in strength.

Fabric 22151 is & case of 1-b in which both of the plies are very
rapidly decreasi.n%;lp to 30 days, while after time there appears to
be an increase. om the load-stretch di of this fabrie it is
quite evident that the condition of the rubber film is incressing the
strength of the material.

A steady decrease of tension of the fabric, as noted iIn case 2, is
clearly shown in the fabric 22152,

The condition of 3 is shown in the fabrie 10652, which is not suffer-
ing from exposure to the weather and is apparently growing better
with age. this case it is probable that the rubber film is increasing

the strength,

SUMMARY.

From & study of the results obtained on fabrics ed to weather
conditions, given in the body of this report, it will be seen that the
changes in values obtained in testing vary in the same way in per-
meability, acetone exiract, bursting strength, and the curvature of
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the tensibility curves. Thus, the smallest changes occur in those
fabrics which in actueal service show the longest life, and the greatest
changes in those which show the most rapid deterioration, We may
therefore look upon any or all of these tests as reliable indications of
the changes which would take place under service conditions.

The results after exposure to dry heat fail to show any great differ-
ences between the various fabrics, although as stated above, we know
that in actual service these differences exist. The curves plotted
. from these results do not correspond to the tests obtained on samples
exposed to the weather. From this it is obvious that the dry heat
test is of little or no value as a means of predicting the life of balloon
fabrics. It is possible that the introduction of moisture in thess tests
would so Ghmﬁf conditions as to afford a means of determining the
relative life of the fabrics. Experiments along this line are now under
consideration and the results will be reported at some future date.

There still remains th?ﬂposdbmby that artificial léght, containing &
large percentage of the ultra-violet rays, either with dry samples or
where an excess moisture condition is maintained, will give results
closely apgroxjmating weather conditions. If this f)roves to be true
it is probable that this test will be of considerable value, since it would
make posgble the obtaining of results in a much shorter time than
at presen



