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THE PRACTICAL DETERMINATION OF 
STRENGTH OF DOPED FABRIC 

* 

s 

SUMMARY 

Fabr,c coverings strll are extenswely 
~7sed on a,rpla”es, and the safety and ma,“- 
tenance of such coverings ~~11 constitute a 
problem for some years to come Th,s re- 
port d,scusses s”me charactermtrcs of air- 
craft fabnc and some approprmte test methods 
for doped fabr,c An analyt,cal method for 
determlnmg m,“,mum tens 11 e strength re- 
qulrements for doped fabric 1s presented 

A portable Impact fabric tester devel- 
oped at the TechnIcal Development and Evalu- 
atm” Center 1s descrtbed By means of sev- 
era1 test methods, datawere obtamed for the 
strengthof fabr,c onvar~ous parts of the con- 
trolsurfaces of a DC-3 awplane The accur- 
acy of the test methods and the unlform,ty “t 
the doped fabr,c materml were consIdered 
The data also c o r r e 1 ate the fabric tester 
settmgs withthe strength of the doped fabrLc 
The s e data ,“dlcate that the tester may be 
used L” the ma,“te”a”ce of m,“unum strength 
standards for doped fabric If the nnpact 
falls to p e “e t r a t e the dope and fabruz. the 
te”s,le strength of the comb,“atmn exceeds 
a certamm,“mx,mvalue for which the tester 
was set The emphasis of the operatmn LS to 
determme wIthout penetratm” that port,“” of 
the fabric I” which the strength of the fabric- 
dope comb,“atm”,s equal to. or greater than. 
a certa,n mlnlmum value A survey of the 
entue doped fabr,c surfaces of the auplane 
wIthout damage to acceptable fabric IS thus 
pass lble The data md,cate tha: doped fabrtc 
LS a very “onunlform mater,.4 as concern.9 
Its strength 

From the survey of the DC-3 airplane, 
,t LS concluded that fabruz from one part of a 
c o v e r r” g may have less than one half the 
strength of fabr,c from another part It Ls 
also concluded from a” exammat,on of typxal 
support and load,“g condttmns, and from cal- 
culatmns. that the elastlclty of the doped fabric 
1s a” unportantfactor 1” determmmg the ten- 
s,“” of the fabrx during fl,ght It LS demon- 
strated that the portable m,pact tester us a 
conve”,ent, us e f u 1 and nondestructtve tool 
for ass,st,“g I” the determlnatm” of the con- 
dltmn of the doped fabr,c on a” airplane 

INTRODUCTION 

Fabr,c-coveredalrplanes are sustamed 
I” flight by a combmatmn of dope and fabric 
The func t,o” of the fabr,c 1s to provrde a 
covermg for the s t r u c tu r e with a surface 
hav,“g adequate strength The functm” of the 
dope LS to taute” and protect the fabric It 
also prawdes c”“s tderable addltronal strength 

Ex,st,“gctvlla,r regulatmns prescribe 
m,“,mum tearIng and tens ,le strengths for new 
““doped fabr LC and m,“unum tens 11e strengths 
for determrated fabr,c from which the dope 
has been removed Approval or d,sapproval 
of the awplane’ s dopedfabrlc caverlng. under 
exlstL”g clv,l tnspectmn procedures, LS based 
mamlyupo” a v,sual and tactile examlnatm” 
The rnspector examtnes the dope coatmg for 
smoothness. flex,bkllty, adherence, thtckness. 
evidence of reJ”venatm”. and especmlly for 
crackmg He examtnes the fabric for mdxa- 
tmns of drscoloratmn, abrasion. mtldew or 
other clues to fabrrc determratro” “r weaken- 

‘“g 
Incases of approval baseduponthewsu- 

al and tact& examrnatmns outlmed prevmusly, 
tests of the fabr,c are seldom made I” ca5e.5 
of dLsapprova1, however. and only when hts 
dec,smn LS challenged, the mspector resorts 
to the regulat,“” coverrng m,“u”um tenslIe 
strengthofdetermratedfabrx from whrch the 
dope has bee” removed I” such cases. the 
owner 1s permttted to cut a tensile test strip 
from one or m”re areas selected by the I”- 
specter If the str,ps with dope removed do 
not show a strength at least equal to the re- 
qu,redmm,mum strength, the fabric must be 
replaced 

These practtces assume that the strength 
of determrated fabric from wh,ch the dope 
has been removed LS a” approprmte meas”re 
of the strength of the dope-fabrLc comb,“a- 
tm” on the axplane Also they assume that 
1” most cases the strength of the fabr,c less 
dopeca”beest,matedw,thsuff,c~ent accuracy 
bythe mspectorsuch that no tests are “eces- 
Sa*y Where d,sagreement requires tests, 
they assume that the Inspector can select the 
weakest areas. and that tests of one or a Iew 
str,ps prowde a” adequate ,“dlrat,o” of the 



strength of the airplane covering 
The wtde varlatwn ln strength of dete- 

rlorated fabrtc “ver different portvans of the 
same area 1s well known Tests of a few sam- 
ples, therefore, do not provide an adequate 
determmatmnof Its strength It LS necessary 
to make a thorough survey of the entwe area 
by conductmg a large number of tests on the 
varmus surfaces of the airplane Thw pre- 
cludes the appllcat,on of any testrng method 
that damages good fabric 

Aportable Impacttester, for use by m- 
specters in the field. for testing doped fabric 
coverIng wtthout removmg It from the amplane, 
was developed Itwas deslgned to reveal 
areas havmg less than prescrrbed mmlrnum 
strengths w,thout ~“~ury to acceptable dope 
or fabric 

One method of determmnxg mmwnum 
tens&-strength requirements for doped 
fabric 1s based upon an estimate of the load 
to be sustamed by the material m servxe. 
allowmg an ample margm of safety. As a 
first step to c on ve r t thts value of tens 11e 
strengthto a tester settmg, It was necessary 
to callbrate the tester to determme the nn- 
pact energy “ver the range-of tester settmgs, 
and to check the reproductblltty of the wn- 
pasts L” successive tr lals at a gtven flxed 
tester settmg In the callbratmn, the rate 
of en e r gy release was not consldered, but 
rather the total energy of nnpact was con- 
sldered The rate 1s a factor determmed by 
the spectflc tester and the fabric The fabric 
reactmn was smxdated ln the caltbratron by 
the use of alum~.um foil After callbratmn, 
the tester was used m an expermxntal m- 
spectmn p r o c e d u r e to determme (at many 
pomts “n the aLrplane surfaces) the settmgs 
necessary to caus e the tester to penetrate 
the fabrw The generalmethods of measure- 
ment and the relative effects on the data, of 
varlatmns mthe tester, varlatmns m the fab- 
rw strength and varlatmns due to samplrng 
were constdered The data obtamed with the 
portable tester were compared with data ob- 
tamedbysta”dardtensLle-strengthand burst- 
strength tests, and a method of correlatmg 
the data was developed A fmed settmg was 
s e 1 e c t e d to permit the tester to penetrate, 
with certamty, all test areas of doped fabrw 
below an assumed m~nmnnn allowable tens 11e 
strength 

. \ 

GENERAL CONSIDERATIONS 
OF FABRIC STRENGTH 

AIrcraft fabric 1s a text& cloth used 
to COYer “ar,oUS parts of an awplane It 1s 
usually cut in appropriate shapes, sewed mto 
an en v e 1 o p e to form the awplane surfaces 
and fastened securely to the structure of the 
airplane m a manner to leave no free edges 
of fabric 

Several coats of airplane dope are ap- 
plvzd to the weather-exposed stde of the fab- 
IK to provtde a suttable fmlsh and to shrmk 
the fabrx Into a smooth taut surface The 
use of fabric complymg with certam text& ,l 

spectftcattons 1s requmed iy2the C~vll 
Aeronautics Admm,stratvz.n ) Fabric 
strength may be measured by “armus meth- 
ods 3 The tests most commonly used ,n con- 
nectmn with amcraft fabrtc are the tear test 
(Elmenddorf). the burst test (Mullen) and the 
tens& test (Scott) The tests and values dls- 
cussed prevmusly pertam only to new. un- 
doped fabric 

T es t in g the strength of doped fabric 
mtroduces new consrderatlons for mterpretlng 
the data Here a textile backmg and an inter- 
penetratrng p 1 as t I c dope coatmg are tested 
sm-altaneously Conslderedas separate ma- 
terlals, the text ale LS relatively strong m 
tearmg, bursting and breakmg. while the 
plastw dope 1s very weak ,n tearmg and quite 
strong ,n burstmg and tensmn The changes 
1” the propertws wtth extremes of low and 
high temperature are quote drfferent in the 

1Aeronautlcal Mate r L a 1 Speclflcatmn 
AMS 3804 and AMS 3806, January 1. 1946, 
Socwty of Automotive Engmeers, Inc , New 
York City 

2Technlcal Standard 0 I de r TSO-C 14 
and TSO-C15. September 1, 1948. Depart- 
ment of Commerce. Offlce of the Admmlstra- 
tor of CtvllAeronautlcs, Washmgton 25, D C 

3TextLles. General Speclflcatrons Test 
Methods CCC-T-191% Apr11 23, 1937, and 
CCC-T-191ASupplementOctober 8. 1945 
Federal Standard Stock Catalog, Sectmn IV, 
Part 5. Superlntendent of Documents, U S 
Government Prmtmg OffIce. Washmgton 25, 
DC 
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two mater,als In general, the dope material 
becomes soft and d”ct,le at very high atmos- 
phertc temperatures. and LS hard and brLttle 
at very low temperatures The textile ma- 
terlal LS less susceptible to changes “I tem- 
perature. but probably more suscepttble to 
changes III humld,ty. and c e r t a in 1 y more 
suscepttble to deter,orat,on by fungus mfec- 
tmn 

The comblnatron of plasttc and textile 
in doped fabr,c does not permrt a snnple ad- 
dxtlon of the values of the properties of the sep- 
arate mater,a1s Under ordinary cond,tux,s 
oftemperature. the tearIng strength of doped 
fabric. for mstance, maybe approxmately e- 
qualto, or evenless than, thetearIng strength 
of the fabr,c before the dope E applwd The 
burst s t i- en g t h and the tens 11e strength of 
the fabr,c are Increased by appllcatmns of 
dope In failures under tensmn, good fabr,c 
with brittle dope ~111 show successive fatlure. 
first by crackmg of the dope, and flnally by 
breakmg of the fabric Poor fabrrc with soft 
dope may fall ,n quick succession by breakrng 
of the fabr Lc and by severance of the dope f&n 
It IS almost as lf the strengths of the two ma- 
tertals ,n the combmatwx, were bemg tested 
,n serves ,f e,ther mater,al LS faulty, and III 
parallel If ne,ther mater,al 1s faulty 

The propertxs exhIbIted L” burst tests 
and tensile tests apparently are more closely 
assoclatedwlth each other than they are with 
the proper t I e s exhtbtted III tear tests A 
satrsfactory portable tester should obta,” an 
lndlcat,on of the propertIes of the doped fab- 
TLC combn-,atumas associated with Its resist- 
ante to farlure In SerYLce 

In a selT,ce failure. teartng can occur 
only from an e x I s t I n g free edge or after a 
free edge has been created by some prev,o”s 
fatlure No free edge normally exists m the 
fabric surface of an arrplane. so It appears 
reasonable to assume that mltlalfallure prob- 
ably ~111 occur from a spllttlng, burstmg or 
penetratton of the fabric The reststance of 
a plastic frlm to mltlal tearmg ,s illustrated 
by the familiar dlffwulty of openrig a cello- 
phanewrapperwlthoutflrstflndingor creating 
a free edge to begm the tear In flight. If no 
cracks, cuts or edges are present. cond,- 
tlons are somewhat analogous to this example 
It 1s believed that the strength of doped a,*- 
craft fabrrc on the airplane ,s measured more 
approprratelybythe tensile test or burst test 
than by the tearmg test 

Assummg the “se of tens ale strength as 
a cr,ter,on for determ,nmg the alrworthmess 
of doped fabr,c, ,t IS necessary to constder 
the tens ,le loads actually e xp e r 1 en c e d in 
fl,ght An analytical method for determmlng 
such loads 1s presented here The calcula- 
trons are based on the assumptum that the 
fabrx IS mstalled on a small, hlgh-perform- 
ante a L r p 1 an e, and that the relatwely high 
lift area. on the upper surface of the wing at 
approxmately ten per cent of the chord, 1s 
crItIca The wLng 1s assumed to have a 
Clarke Y arrfoll For purposes of Illustra- 
tmn. the method Includes certain representa- 
t,ve data and a calculation. first, of the al=- 
foIlpressure d,fferent,al under maximum lift 
cond,t,ons, and second, of the tenslo” pro- 
duced ,n the fabric by this pressure dIfferen- 
tta1 

For computatrons of pressure. the fol- 
lowu-,g symbols are used 

a = angle of attack LLI degrees 

C = rtb spac,ng in arrplane wL”g III Inches 

CL = coeff,c,ent of lift 

hp = horsepower 

K = gust factor (See CAM-04) 4 

m = slope of lift curve CL per radian corrected 
for aspect rat,o (See CAM-04) 

n = lrmrt load factor (See CAM-04) 

An = lwnlt load factor mcrement (See CAM- 

04) 

Pav = average pressure or w,ng loadmg in 
lb /ft 2 

P = statlcpressure ,n l% /ft 2 (Pressuredlf- 
ferentlal supported by wing covermg ) 

Q = dynamx pressure in lb /ft 2 

4”‘A,rplaneA,rworthlness.” C~v~lAero- 
nautlcs Manual 04, Revtsed July 1, 1944, 
Supermtendent of Documents, U S Govern- 
ment Prlntlng Offxe, Washington 25. D C 
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s : effectI”= area of llftlng surface of atrplane 
m square feet 

U = gust velocity (See CAM-04) I” ft /set 

Vmax = max,mum speed of amplane for given 
r,b spacing I” mph 

W = gross weight of a,rplane w, pounds 

The data assumed for the amplane are 
as follows 

W = 2.200 pounds 

Vmax : 150 mph 

Pav = W/S = 14 lb /ft 2 

Power loading = 14 lb /hp 

C = 15 Inches 

The data for the Clarke Y alrfox15 are 
as follows 

CL “lax = 1 5 

LI = 20 degrees 

P/Q at 10 per cent of chord = 2 5 

m (no aspect rat,” correct,“” required) = 4 01 

F r o m the aerodynamic relatrons for 
level fl,ght, 

1 ’ 
Pa” = W/S = CLQ = 1 5Q (1) 

” 
and fro”, the data 

P = P/Q x Q = 2 SQ (2) 

By combmmg and evaluatmg equatrons 

(1) and (2) 

P = 1 67 Pav = 23 3 lb /ft 2 (3) 

5’1Awfo~1PressureD,strtbutlonl”vestL- 
gatmn I” the Varrable Density Wmd Tunnel,” 
NACA Report No 353, Page 10, Fig 7, 
Supermtendentof Documents. U S Govern- 
ment Pr,“t,ng Off,ce. WashIngton 25. D C 

Approprtate load factors representmg gust 
loads and maneuvermg acceleratmns w,ll be 
applied to this value 

In determmmg InnIt load factor ~ncre- 
ments A”, to allow for increases in load due 
to maneuvers and gusts, the maneuver ~ncre- 
ment and the gust mcrement both are deter- 
mmed, 6 and the larger of the two values 1s 
used For an amplane of 2,200 pounds gross 
we,ght and a power loadmg of 14 lb /hp , the 
maneuver increment 1s 

A” =3 68 (4) 

The gust Increment E. given by the equa- 
tmn 

For a wmg loading of 14 lb /it 2, the 
value K = 0 97 1s obtalned The value II = 30 
ft /se, 1s speclfled ,n Table II for cond,tlon 
I, CAM-04 page 27, and the value m = 4 01 ~5 
g,ven m the alrfoll data 

Subst,tutmg m equatmn (5) 

A” 
0 

97 
x 30 x 150 x 4 01 

= =2 5 75 x 14 17 (6) 

Usmg the larger value, A” = 3 68. 1” 
CO”JU”Ctl0” w,th Table 11. the llm,t load fac- 
tor n IS g,ven by 

n = 1 + An, or, (7) 

“=1+3 68=468 

WhenthIs 1s applwd to the value of P m 
equatmn (3). 

P x n = 23 3 x 4 68 = 110 lb /ft 2 = 0 764 
lb /m 2 (8) 

Havmgarrlved atthrs value of the pres- 
sure on the fabrx, lt LS desired to calculate 
the tens,“” m the fabr,c whtch supports the 
pressure For this purpose, cons,deratmr 
~111 be given to a strip of the fabrtc one mch 
wide s e cur e d at Its ends to the ribs of the 
wmg at ten per cent of the chord and extend- 
Ing spanwxse from one rtb to the next In the 
o r , g ~na 1 (unloaded) cond,t,on, the strip 1s 

6see footnote 4 



taut and stratght In Its loaded condltlon. It 
IS acted upon by the d,fference m air pres- 
sure on tts upper and lower surfaces due to the 
aerodynam,c properties of the wrng surfaces 
of which It LS a part It 1s assumed that the 
pressure LS uniform spanw~se along Its length, 
and that the strip LS flexible enough to make 
the bendtngmoments negllglble Under these 
condltlons. the strtp adjusts Itself to the 
pressure ln the form of a circular arc Re- 
ferrmg to the diagram m Fig 1, 

C = rib spacmg = length of unloaded strip 

L = circular arc = length of loaded strip 

It ~111 be noted that the value of L approaches 
C as the load 1s decreased 

AL = change m length of strtp due to laadlng 

R = radius of circular arc 

A = vertical proJectIon of arc. L/Z 

c/Z : horwontal proJectton of arc. L/2 

e = angle correspondmg to arc L/Z in radmns 

T = tensIon in fabric Inpounds per mchwldth 

E =&x T =modul”s ofelast~c~tyforal-nxh 
strip of doped fabrrc 

F = vertical reactton at rtb 

Consider the equlltbrlum condltLons for 
the shaded areaunder the arc L/2 Usmg the 
vertrcal force equivalent. produced by multi- 
plymg the force normal to the arc by the area 
of the arc proJected on the horlsontal, the 
vertical forces are 

F =y=Tsm8 

whence 

e = s,n-1 $g 

Slm&x-ly, for the horreontal forces 

T = PA + T cos 0 

(9) 

Substltutlng m this equation the value 

5 

A =R (1 - CO5 63) 

the equation becomes 

PR (1 - cos e) : T (1 - cog e) 

and 

R Y$ 

Smce 0 LS expressed m radians 

(10) 

L=zRe (11) 

By equatmg two expresstons for the change 
m length of the fabrw strrp 

L-c=+ (12) 

Substltutlng the value for 8 from equation (9). 
and the value of R from equat,on (10). m 
equation (11) 

L =2Ts,n-l PC 
P ti-- 

(13) 

Substltutmg the value of L from equation (13) 
L* equation (12) 

TC 2T 
-=FsL” 

-1 PC 
E ZT -’ 

whence 

sL”-lE$=fg +gg (14) 

Substrtutmg the force of reactlo” at the rib, 

F=EG 
2 

and slmpllfymg, equatwn (14) becomes 

$= sL”(g+$) (15) 

Equatwn (15) was ,n~tlally s o 1 v e d by 
plottmg a combmatlon of trial values These 
solutvxw are rearranged 1x1 Fig 2. wh,ch 
provtdes a convenient means for obtainmg 
values of T when F and E have been deter- 

mrned 
F=+, 

F 1s obtained from the relatIonshIp 
and E 1s determmed by actual tests 

of doped fabric 
The factor of safety LS the ratlo of the 

ultxnate tens& strength of the fabrx to the 
tensIonproduced in the fabric by the maxnnum 
loadlngpressure Some typlcal data and cal- 
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Fig 1 Fabric Loadrng Dmgram 
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TABLE I 

Data And Calculated Values For Indlvldual Strips 

Sample Deslgnatron 

No. 88-8 (weakest md~- 
vtdual strip) 

Tensile Strength Madulus Tensmn-lb Factor of 
Breakmg lb /m f E* for F = 5 73 lb Safety 

41 5 2000 22 4 41 5 
=4:154 

No 64-2 (mtermedlate md~- 
vtdual strip) 

84 0 3030 25 6 84 0 
2563 28 

No SO-2 (strongest mdl- 146 0 4800 30 1 146 0 
vldual strip) 

30=4 85 

* These values of tensile. breakmg strength and modulus are for Grade A doped fabrw at 
temperatures from 60” to 80°F 

culated values are given I” Table I 
An exammatmn of the physical concept 

of the problem illustrated m Ftg 1 shows that 
the tensron could be consrdered to vary as 
cosecant e Thus, If no stretch occurred, 8 
1s zero and an mfm,telylarge tensronwould be 

Fog 2 Graph for Solvmg Tensmn Equatmn 

called mtoplay to restst a small pressure nn 
the fabric If the angle o Increases slightly 
due to s o m e stretch, the cosecant 8 drops 
very rapidly. as does the tensmn The mod- 
ulus of elastwlty of the f a b r I c wlthm the 
range of tensmnmetmpractrce 15, therefore, 
an Important factor m determmuxg the prob- 
ab~l,ty of fabr,c failure. as suffrc~ent stretch 
wlthm the elastic lmmt ~111 allow the fabrtc 
to adJust Itself to a relatively small tensmn 

DESCRIPTION OF A FABRIC TESTER 

Illustrated in F,g 3 1s a portable xn- 
pact-type fabric tester developed at the Tech- 
meal Development and Evaluatmn Center and 
samples of fabric whrch have been subJected 
to Impact tests For expermxntal purposes, 
the tester was made adJustable with respect 
to the force of Impact For mspectron pur- 
poses. a nonadJustable tester would be used 
Fig 4 shows an exploded VLew of the tester 
It consists of two nonseparable telescopmg 
tubes The s ma 11 e r tube LS a cylmdrlcal 
guide termmatmg m a d,sk or foot at Its 
outer end Slxlmg w~thm the guide LS a long 
cylmdrlcalplunger pm, the outer end of whxh 
normally LS held flush with the outer face of 
the foot by a buffer sprmg and stop The 
larger tube, closed at tts outer end to pro- 
vrde a handle, LS a cylmdrxal barrelenclosmg 
a f L r in g sprmg to actuate a sltdmg piston- 
type hammer. and a cockmg sprmg to return 
the telescaped tubes to a fully extended posl- 
tmn Aspruxg-restramed trigger LS provtded 
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numstr~ps held ,n a specnl clampmg fxture 
allowed the entrre range to be covered and the 
procedure to be unproved. although errat,c 
frlctmnal and rebound effects in the tester 
mechamsm. and the necessity for extreme 
prec~s,on mmeasurements of the small mden- 
tatmns made good reproduab,lrtyunatta,nable 
Next. a balltst,c pendulumdence deslgned to 
absorb the energy of impact over the neces- 
sary rangewas used The accuracy of meas- 
urement was unproved. but the method dtd 
not reduce the erratic rebound and frlctmnal 
effects sufflcIently In an effort to e1mlulate 
the rebound and to absorb the energy of em- 
pact ,n approxmxately the same way that It 
would be absorbed by the fabrrc durmg actual 
use of the tester, a new method was devised 

By use of the spec,al clampmg fixture 
for holdmg a sample of alummum fo,l m con- 
tact with the tester shown I* Fig 5, and a 
dial gage for measurmg the depth of the dun- 
ple or mdentatmn produced ,n the foil by the 
Impact of the tester pm, satisfactory results 
were obtained By producmg s,m,lar ,nden- 
tatmns ,n the alum,num foil by means of 
measured impacts from a ballistic pendulum. 
as illustrated m Ftg 6. the foil was stand- 
ardned and the depth of the ,ndentatu,ns was 

Interpreted mun~ts of energy absorbed Thw 
standardxzatmn was reproducible to be tt e r 
thanplus or minus one per cert Tester IX,- 
pacts were reproducible to better than plus or 
m,nus five per cent For checkmg the call- 
bratmn ,n the field. as m,ple clamp-on attach- 
ment IS used to hold a sample of foil agamst 
the tester The foil 1s provided ,n two thxk- 
nesses, one of which ~111 be penetrated, anb 
another whlchw111 not be penetrated when the 
tester IS operatmg with the standard unpact 

USE OF THE FABRIC TESTER 

In use, the tester us applied to the fab- 
TIC ontheauplane so that the axis of the bar- 
rel (and gude) 1s perpendwular to the fabric 
surf-rce The foot wrth flush-posItIoned 
plunger must be 11, good contact w,th a cor- 
respondmg are a of freely supported fabr,c 
and an mch or more from any soltd support 
The tester handle 1s pushed toward the fabric 
w,th a smooth, gradualmotmn The resultmg 
compresston of the firmg sprmg forces the 
footagamstthe fabrrc and gradually increases 
the tautness of the fabrw At the tr,gger,ng 
pomt. the hammer strikes the plunger. drivmg 
Its smooth rounded end out of the foot agamst 



Fig 5 Callbratmg FabrLc Tester 

Fq 6 Standardlzmg Alummum Fool With BallxstLc Pendulum 
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the taut fabric surface with a sharp measured 
impact to give a determmatwn of the fabric 
strength 

If the qualtty or condltmn of the fabrtc 
covermg 1s dangerously below standard, either 
the dope ~111 be cracked or the ftbers of the 
textile backmg ~111 be ruptured by the force 
of the nnpact, as Illustrated ln Fig 3 No 
penetratmn of the f a b r I c mdlcates that the 
materral of the covermg IS equal to, or ex- 
ceeds, the standard set by the measured nn- 
pact The material ~111 not be overstressed, 
and nn damage ~111 occur 

DETERMINATION OF STRENGTH 
OF FABRIC ON AN AIRPLANE 

Shortly before the control surfaces of 
a DC-3 axplane were to be recovered with 
new material, a survey was made to deter- 
rnme the strength of the fabrx This was 
accompllshedby applymg several methods of 
test to a large number of areas located on 
varmus parts of the control surfaces The 
control surfaces were removed from the air- 
plane and tested with the portable tester m 
the hangar at temperatures rangmg from 60” 
to 80-F 

In FLgs 7A. B. C, D and E, are shown 
the locatmns of more than 100 test areas 
The pattern shown m Fig 7F was stamped 
at each locatmn alternately. either directly 
on the doped surface or on the surface of the 
fabrtc fromwhIch the dope has been removed 
wtth a solvent At each location where the 
testpattemwas stampeddlrectly on the dope, 
approxunately 25 determmatmns were made 
wlththe fabric tester Allsamples contammg 
the test patterns and suffxvent adJacent fab- 
rrcwere then cut out and removed to the lab- 
oratory Approxlmatelyelghtdetermlnat~ons 
of tensile strength and ten determmatmns of 
burst strength were made nn each of the 
doped and the dope-removed samples The 
average results of the tests made on the various 
areas by the different test methods are charted 
L* Fig 7 at the appropriate locatmns 

DISCUSSION OF THE ACCURACY 
AND CORRELATION OF 

TEST RESULTS 

A wide range of varlatmn m strength 
was revealed by the results of the survey of 
the strength of tabrlc on the atrplane It was 
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desired todetermuw whether the var,atmn IS 
due chtefly to the lack of accuracy in the var- 
mus test methods, or to the nonunlformlty of 
the fabrrc This ~111 be constdered brlefly 

The accuracy of a test method LS usually 
demonstrated by usmg the method to deter- 
mme, m a s e r 1 es of measurements under 
carefully controlled condttlons. the magnt- 
tude of a standard whtch IS assumed to be 
fLxed and accurate A sufflclentlylarge num- 
ber of observatmns bythe most precise meth- 
odwlllnever give a serves of tdentlcal values 
for the standard magnitude As the number 
of observatmns mcreases, the frequency 
wlthwhLchcertammagnrtudes appear ~111 m- 
crease The frequency of occurrence may be 
expressed as a per cent of the total number 
of trials The results may be plotted to lo- 
cate a dtstrtbutmn curve showmg the rnagnl- 
tudes and the frequency with whLch they ap- 
pear 

A mmmwrn value, a mean value and a 
maxunurn value may be deterrnmed nn th,s 
curve The dliference between the rnmlrnurn 
value and the maximum value represents the 
range of dlspersmn in the results A “stand- 
ard devzatmn” or a strnpler “per cent devla- 
tmn” may be computed as a measure ofthe 
accuracy of the measurmg process The per 
cent devlatmn 1s taken to be nne half the range 
ofdispersmndtvlded by the mean value The 
accepted value of the measurement obtamed 
mthe serws of trials 1s taken to be the mean 
value plus or mmus the per cent devlatmn 
Figs 8, 9 and 10 show graphvzally the steps 
mthe processes of establlshmg the degree of 
accuracy of measurement and the qual,ty of 
unlformlty In samples of maternal 

Figs 8A. B and C suggest that a meas- 
urmgprocess begmor~gmallyw~ththe deftned 
perfect accuracy of a prmxary untt of meas- 
urement, such as a standard meter bar for 
example The vertxal lme m FLg 8A rep- 
resents a fIxed magnitude No observatmns 
are Involved. so no frequency scale need be 
shown Fig BB represents what m lght be 
expected from observations of the length of 
the standard meter made wLth a preclsmn 
mstrurnent under carefully controlled condo- 
tmns The very small dlspersmn reveals 
excellent control of the condttmns, and very 
small errors in the measurmg mstrument 
Fig BC represents an Increased dtspersxon 
whlchmlght resultfrom a technique mcludmg 
a less accurate test device, a less accurate 
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F,g 8 Dlstrrbutlon Curves of HypothetIcal 
D~spersmn m Measurements 

Fq 9 Dlstrlbutmn Curves of Hypothet,cal 
Effect of>Nonunlformrtws III 
Material 

standard (secondary), and less effective con- 
trol F,gs 9A, B, C. D and E show a se- 
quence of hypothetwal curves representmg 
whatwould be expected of a test machme such 
as a laboratory tensile tester when used to 
test samples of various materLals In Fig 
9A. the samples of the materlal are assumed 
to be very uniform m qualLty. so that a num- 
ber of samples may perform the functmn of 
a s ,ngle standard (standard samples) As 
the sample 1s assumed to represent the stand- 
ard of accuracy. the dwpersmn III this case 
,s taken as an over-all measure of the accur- 
acy of the measurrngprocess. L e , accuracy 
of the test machme as used The ~ncreas mg 
d,spers,ons shown m Figs 9B. C. D and E. 
therefore, can be attrtbuted to the mcreas~ng 
nonumformlty of the materials Tests of a 
standard materlal made with a less accurate 
tester would probably be mdtcated by a plot 



14 

, ’ ! 

1 / 

, ‘- 

L , ’ 

i 
1 

I ‘> 
4’ 

, <J 

as m Fvg 9F The Increase 1” dlsperslo” 
between the condrtlon shown I” Fig 9A rep- 
rese”tL”g a t e s t machme and that shown L” 
Ftg 9F representtng a portable tester 
(assuming equally good standard samples) 
can be attrtbuted to the lower accuracy of the 
portable tester Fig 9G represents the 
greater dlsperslon L” results to be expected 
from usmg the moderately accurate portable 
tester on a very nonuniform materlal To be 
c o rn p a r e d with the foregorng hypothetical 
cases, Figs 9A. B, C. DandE, show a 
sequence of curves plotted from actual data 
derlvedfromtenslle tests ofvarIous materials 
by means of a laboratory tester As this tester 
IS demonstrated to be very a c cur ate when 
used to test aunlformmaterml such as copper 
wmeas t”FLg 10A. the Increases I” per cent 
devmtlon shown InFIgs lOB, C, D and E are 
a measure of the Increases I” nonunlformtty 
of the materml Figs 10F and G are plots 
of data obtamedwLth the portable fabric tester 
Fig 10F shows ad~str~but~on curve for values 
of the depth of dlmplmg produced m stand- 
ardwed alum~nurn foil L” 90 determmatLons 
wtth a fixed setting of the fester The over- 
all a c cur a c y of the tester w terms of the 
standard sample LS shown to be relattvely 
good It may be as s urne d that. were the 
strength of fabric as unrform as the strength 
of sta”dardw.ed aluminum, the lunlts of var- 
lattons L” using the tester to determIne fab- 
r~c strength would be sxnllar to those ob- 
tanned w Lth the aluminum Fig 10G rep- 
resents the varlatxo” L” the tensile strengths 
assocmted with the average penetration val- 
ues obtained with 25 impacts on each of 55 
samples of doped fabric from the same atr- 
plane It wrll be observed that thus figure LS 
the fxrst to Involve both a correlatton and a 
dlstrlbutmn Each value of fabric strength 
1s taken from the value on lme B-B L” Fig 
13A correspondmg to an average xnpact value, 
as ~111 be explamed L” dlscussmg the corre- 
latlon of the values of tester settmgs and 
tensile strength By comparlso” wrth Fig 
10F. the wrde vartatro” m strength and the 
large percentage devratton are see” to be a 
measure chiefly of the qualrty of the fabric 
and the operatton of samplmg An examma- 
tlon of the operatton of samplmg IS give” m 
Fig 11 This compares average results 
from different parts of the same sample by 
the same test method Doubtless, the dls- 
pers~o” thus created IS attributable not to a 

lack of correlation between two test methods, 
but rather to drfferences I” strength L” the 
unmedmte areas compared The dotted lme 
1” Fig 11 represents a theoretlcally perfect 
correlation With the give” accuracy of the 
test and the give” unlformlty of the fabr,c, a 
decrease rnd~spers~oncould be expected from 
a met hod of correlatron which permrtted a 
nearer approach to tests of exactly the same 
spot of fabr,c 

The correlatlo” of the results from dlf- 
ferent methods of test are gave” I” Figs 12 
and 13 FLg 12 shows the cornparlso” of ten- 
s& and burst strengths obtaIned by accurate 
laboratory test methods It 1s obvmusly lm- 
posstble to test exactly the same area by two 
destructtve tests, so here agal” the dlsper- 
510” IS due chiefly to the comblnatlo” of th,s 
fact and the nonunIformIty wlthm the sample 
area 

Ftg 13 shows the value of the tester 
se tttng averaged from 25 attempts to just 
penetrate the sample. plotted agamst the val- 
ue of the tens& strength averaged from e,ght 
determmat,ons on other parts of the same fab- 
TIC sample AgaLnthe dlspersxo” LS attrlbut- 
able to relatively smallvar~at~ons Inthe tester 
and relatlvelylarger var~atlons Introduced by 
nonunlformltles ~“the strength of fabric with- 
m the sample area 

The testpatternshow” mFLg 7F deter- 
mines the proxnnlty of the various test areas 
wlthm the sample The average of data for a 
give” sample of fabric IS represented by one 
pomt on the plot I” Fig 13 Each pomt LS to 
be constdered as a result of certam speclfrc 
operatrons establlshed I” the routme of testmg 
and sampl,“g In a plot of many such pomts, 
the scattering of tensde strength values for 
a g oven tester settmg, or the scattermg of 
tester setting values for a give” tenstle 
strength represents a probablllty’ of occur- 
rences m the g Eve n routine As has been 
previously po ~“ted out, a” Increase L” the 
range of dwperslon or scattering LS an lnes- 
capable feature of a combu-mtton of “onunt- 
formltywLthl”the sample and “oncolnctdence 
of the test areas used I” the dLffere”t methods 
of test Presumably, other methods of sarn- 
plmg might be devised to xnprove the factor 
which depends on the close proulmlty of the 
test areas, and thus reduce the scattermg 
attributable solely to this proxnnlty factor 

A practical appltcatton of the results 1s 
made possible. however, by ustng the cor- 
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BURST STRENGTH IN LSS PER so IN 
,SOTTOH STRIP, 

Fig 11 Comparrson of Data Obtamed on Dkfferent Parts of the Same Sample by the 
Same Test Method 



. 

BURST STRENGTH IN LBS PER SO IN 

16 

FLg 12 RelatIonshIp Between the Tens&e Strength and Burst Strength of FabrLc 

relation establwhed on the lme B-B On this 
lme 1s establlshed a relatlonsh,p such that 
fabric havmg a given strength ~111 never be 
penetrated by the unpact havmg a value cor- 
respondmg to this s t r en g t h The actual 
strength of the fabrw at the pomt of the urn- 
pact LS establlshed wlthm a much narrower 
range than 1s mdtcated between the lmes B-B 
and A-A, which represent a correlation based 
on a routme provtdmg the necessartly nn- 
perfect correlatmn prevtously explamed 

Ofcourse, musmgthelmeB-B. asmall 
addltlonal. but not completely determmed, 
margm of safety has been added as a more 
perfectcorrelationof results m the samplmg 
andtestmg routme undoubtedly ~111 ratse the 
lme B-B and lower the lme A-A 

The expernnentalvarmtron m the range 
of fabric strengths at the pomt of wnpact ~~11 
be greatly reduced when thus constdered on 
the basw of the actual accuracy of the wnpact 
tester, as demonstrated m Fig 10F In 
practwe, the s t r e n g t h of the fabrtc at the 
preclsespotatwhlchthe mnpact occurs 1s the 
actual correlative value 

TESTER SETTING AND PROCEDURE 
FOR FABRIC INSPECTION 

Table 11 lists tester settmgvalues 
based on these constderatmns 

TABLE II 

Experimental Tester Settmg And Grade A 
Fabrtc Strength Establtshed For 

Temperatures Rangrng From 60” To 80” F 

No Penetratton Indicates the 
Strength Equal to or Greater Than 

Tester Mmwnum Strengths Ltsted Below 
Settmg Tenstle Burst 

Turns lb /m lb /sq m 

0 47 73 I 
5 51 80 

10 58 94 
15 68 115 

In Table I, the maxmnumload m tens LO” 
1s shown to be 30 lb /m Wtth a factor of 
safety of 1 5, thus gives a maxwnum required 
tensLle strengthof 45 lb /m A tester settmg 
of zero turns grves an equivalent mmlmum 
tens& strength for the fabrx-dope combma- 
tmn of 47 lb /m , or higher Thw LS equlva- 
lent to a mean value of about 70 lb /m Thw 
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s e e ms to be a reasonable requz-ement for 
usmgthe Impact tester to determme danger- 
ously weak areas of fabric 

The mspectton procedure based on this 
s e t t L n g ~111 be of a survey nature, and the 
tester, w h LC h LS preset and nonadJustable. 
may be used on v a r I o u s locatIons over the 
whole surface If no penetrat,ons occu=. the 
wide areas of f a b r LC tested ~111 be above a 
required mmlmum value If occasional pene- 
tratlons occur, they may be patched If small 
a r e as are delmeated by penetrations, they 
may be replaced, and If large areas show 
manypenetrat~ons. the surface should be re- 
covered For th,s survey, no test patterns 
or any adJustments are required, simply an 
observatton of whet he r or not penetration 
occurs or whether the dope cracks The use 
of the tester ~111 per m tt a more uniform 
mamtenance of a reasonablemmlmumstand- 
ard strength of doped fabric on the airplane 

CONCLUSIONS 

It LS concluded that 
1 The strength of new undoped axplane 

fabric 1s not unkform for different samples 
from the same bolt The nonuntformtty us 
madeprogresslvelygreater m service use on 
an airplane by the processes of dopmg, deter- 
toratcon. mamtenance and repalr 

2 The average tensile strength of a sam- 
ple of apparently alrlrorthy doped fabric from 
one part of an airplane may be less than one 
half as much as the strength of a s Imllar s am- 
ple from a near-by area 

3 The modulus of elastlclty of the dope- 
fabric combmatlon IS an Important factor in 
determmmg the tenslo” m the fabrw under 
flight cond,tlons 

4 The portable Impact-type fabrLc tester 
LS s u I t a b 1 e for use m surveymg the dope- 
fabric covermg on an airplane to determme 
whether or not Its strength has been reduced 
below an establlshed mmlmum value 


