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necessar l ly   represent  CAA pallcy In a l l   respec ts  
Thls 1s a technical mformatlon  report   and does not 



STRENGTH O F   A I R C M F T  FABRIC WITH DOPE  REMOVED* 
THE  PRACTICAL  DETERMINATION O F  

SUMMARY 

A portable  Impact-type  fabrlc  tester  was  developed  for u s e  agamst   doped  a l rcraf t  
fabr lc   as   an  lnspect lon  a ld   to   Inhcate   whether  or  not the tens&  strength of that   fabrlc IS 
above a predetermlned  value 

adJustment  and  to  determlne  the  relatlonshlp  between  tester  blow  energy  for  penetrabon of 
doped  fabrlc  and  the  tenslle  strength of that  fabric  wlth  the  dope  removed 

a l r c ra f t   f ab r l c   t e s t e r s ,  the  callbratLon  results  lndlcate  that  the  tester  covered  by  thls  report 
1s a rellable devlce and  that I t  may  be  used  agamst  doped  fabrlc,  both  grade A and   mte r -  
medlate  grade,   to  mdlcate  whether or  not  the  strength of that  fabrlc  wlth  the  dope  removed IS 
above  predetermmed  rnlnlmum  values,  and to detect  brittle  dope  Speclflc  tester  adJuStmentS 
to  provlde  properly  for  Its use to   tes t   those  fabr lcs   are  glven 

Tests  were  conducted  to calibrate the blow  energy  dehvered  by  the  tester  versus  tester 

Although  the  Clvd  Aeronaubcs  Admlnlstratlon  does  not glve formal  approval  status  to 

INTRODUCTION 

Prevlous t es t s   and   s tuhes  were conducted at the  Clvd Aeronautics Admlnlstratlon 

mme If the  tester  could  be  used  agalnst   the  doped  fabrlc  covermg of an  a l rcraf t   to   mdrcate  
(CAA)  Tecbnlcal  Development  Center  (TDC) on  a portable,   Impact-type  fabrlc  tester  to  deter-  

whether or  not  the  strength of the  doped f a b r x  1s above  an  established  minimum  value  The 

use on  the  basls previously descrlbed, It could  not  be  applled In connection with  offlclal CAA 
te s t s  showed  that  the  tester  was  sultahle for  such use 1 Although  the  tester  has  found  wlde 

regulatlans  because t h e s e  regulations conslder the strength of the  fabrlc  wlth dope  removed 

the  accuracy  and  re l labhty of t he   t e s t e r   a s  a means  for  dellverlng  Impact  blow  energy  and  to 
Tests,   therefore,   were  conducted  durlng  the  sprlng  and  summer of 1955  to  determine 

estabhsh  the  relatlonshlp  between  tester  adJuStment  for  penetrahon of doped  fabnc  and  the 
tenslle  strength of the  fabr lc  w ~ t h  the  dope  removed  Tlus  report describes these  tes ts  

DESCRIPTION OF FABRIC  TESTER 

Two  impact-type  fabrlc  testers,  shown  In  Flg 1, were  supplied  for  test   purposes  by 
Steel  Clty  Teshng  Machmes,  Inc , 8817  Lyndon Avenue. Detrmt  38. Mlchlgan Essentially, 
these   a re   ldentxa l   mth   the   t es te r   descr lbed  m Footnote 1 

foot 2 Inches  In  dlameter When the  foot 1s placed  agalnst   the  fabrlc  and  the  tester  handle 1s 
pushed,  the  handle  telescopes  over a tubular  gulde  Thls  pushes a coaua l   hammer   aga lns t  a 
sprlng In the  handle,  thereby compressing the  spnng  As  the  hammer  moves  mto  the  handle ,  

The  tes ter  IS a tubular  devlce  approumately  13  Inches  long,  termmatmg  In a c l rcu lar  

*Manuscript submitted for  publrcatlon  November 1957 

'H Kendall  Kmg,  Cecll B Phllllps.  and  Alan L Morse.   "The  Practlcal   Determmabon 
Of Strength of Doped Fabric," CAA Technxcal  Development  Report No 129,  November 1950 

2otMamtenance.  Repalr,  and  Alterahon of Alrframes,   Powerplants ,   Propel lers ,   and 
Apphances," CAA M a n u a l  No I S ,  Februa ry  1957 
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Flg 1 Impact-Type  Fabrlc  Testers 

a reduction In the  loslde  dlameter of the  handle  causes a latch In the  hammer to move In a 
transverse  dlrectlon,  thereby  allowmg  the  hammer to s h d e  down over  the gude   The   hammer .  
drlven by the  sprlng, lmpmges agamst  a rod  3116-lnch In dlameter  Thls  extends down through 
the  gulde  and  through  the foot  Its rounded  end transmits the  hammer  blow to the  fabrm 

ure of fabrlc  strength  It  was  deslgned to mmlmlze  human  techruque errors In that t h e  blow 
Basically, the  tester  utlhzes  the  Impact  force  requlred to  penetrate  the  fabrlc as a meas -  

energy  and  rate of Its applxation  are  automatlcally  controlled A prestretchmg of the  fabr lc  
a lso 1s automahc  and  occurs  when  the  handle 1s  pressed  down The m a a m u m   d e g r e e  of 
prestretchlng occurs  Just   before   the  hammer 1s  re leased 

The  energy of the  blow agalnst   the   fabr lc   can  be  var led  by  adpstmg  the mltlal sprlng 
pressure  Thls  1s  accompllshed  a ther   by  msertmg  spacers  In the  handle  behlnd  the  sprlng or 
provldlng a screwdown-type  handle As shown In Flg  1,  one of the  testers  provlded  by  the 
manufacturer  has a screwdown-type  handle  Thls  was  used for  callbratlon  purposes  The 
other  has a flxed-length  handle In whch  spacers   may  be  Inserted to   precompress   the  spr lng 

par tmular   grade of fabrlc  to  be  tested,  and  cannot be   a l te red  Inadvertently 
The  flxed-length handle  Instrument 1s mtended  for use  m the fleld It 1s preadlusted for  the 

TESTS AND RESULTS 

Tester  Blow-Energy  Characterlst lcs 

steps 
The  callbratlon of the  testers  (adpstmen:  versus  blow  energy)  was  accomphshed In two 

the  dents  produced  when the pendulum  lmpmged  agalnst  coupons of dead  soft  sheet  alummum 
(Alummum Producers Speclficatlon No 1100-0) 

was   measured   for  various set tmgs of the  adJustable-handle  tester  and  for various spacer  
thlcknesses m the  faed-handle   tes ter  

1 The  blow  energy,  dehvered  by a balhstlc  pendulum,  was  correlated  wlth  the  depths of 

2 The  depth of dents  produced  when  the  tester  was  operated  agalnst  ldentlcal  coupons  then 

0 0001-mch.  Thls  thlckness  tolerance  was  mamtamed  through a process  of coupon selection 
For blow  energy  test   purposes,   each  coupon  flrst   was  f lattened  such  that   f latness  tolerances 
were held  to wlthxn 0 OOZ-lnch, then It was  held ~n the  clampmg  devlce  shown In F l g  2 Thls 
Incorporates  clampmg  nngs  that   leave a d lsc   a rea ,  1 1 2 3  Inches in h a m e t e r ,   f r e e  to  be 
dented A h a 1  gauge  measures  the  depth of the  dent 

blow  energy 3 It  was used to establish coupon  dentmg as a means for  measurmg  blow  energy 

The  thlckness of the alumlnum  sheet  used  for  the  coupons  was 0 0163-lnch plus or minus 

The  balllstlc  pendulum IS a baslc  and  preclse  means fo r  dehvermg  speclflc  values of 

A p r d  1949, p 188 
3 E r ~ c h  Hausrnann, E E ScD , and  Edgar P Slack, SBMS. "Physlcs,"  Thlrd  Edltlon, 
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F l g  2 Clampmg  Devlce for Test  Coupons 

The  setup 1s shown m F q  3 A s  may be seen.  the  pendulum comprises a horizontal rod 

pendulum was drawn  back to succesBxve  Increments of dlstance  from  the  coupon  and  released 
suspended  by  threads It t e r m n a t e s  In a pm  whlch 1s ldentlcal  to  the  prn of the  tester  The 

to strlke  coupons  clamped  In  the  holder  The  multlpllclty of tes t s  were  conducted at eadh m- 
crement  and  the  resulting  mdentatlons  were  measured  These  tests established the  fact  that 

blow energy  versus  Indentabon 1s shown  In F l g  4 
coupon  denbng wlll measure  blow  energy  wlthm  plus o r  mmus 0 0 4  per  cent  The  curve of 

Coupon  denbng  then  was  used to measure  the  blow  energy of the testers The  test 
arrangement  16 shown  In Flg 5 The  same  coupon  clampng  devlce  and  ldentlcal  coupons  were 
used to ca lhra te   the   fabr lc   t es te rs  a6 were  used In  the  balhsbc  pendulum tests Five dent 

".- 
" -* iz%.z--. 

Frg 3 Coupon  Dent  Test - Balhstlc  Pendulvm 
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F l g  4 Balllstlc  Pendulum  Blow  Energy  Versus  IndentatIan 
of Sheet-Alummum  Coupon 

tes t s  were made  at   each  settmg of the  adlustable-handle tester and for  each  Increment of 
spacer  thmkness  In  the  case of the  f lred-handle  tester  The  results  are  shown on Flgs  6 and 
7 F rom  these  It  wlll  be  seen  that, for  a  glven  settmg.  the  tester  can  be  depended upon to 

wlthn  plus  or  minus 0 0035-lnch  depth of dent 
SubJect  the  fahrlc to  a measured blow that 1s  accura te  to w l t h n  plus o r  mlnus 4 5 per  cent o r  

Callbratlon of Tester  Adjustment  Versus  Fahrlc  Strength 

and  the  correspondmg  strength of that   fabnc  wlth dope removed.  the  tester  wlth  the  adJustable 
handle  was  used on the  fabrlc  covermg of a 1942 Wac0  hlplane  The  alrplane  was  made avail- 
able  through  the  cooperatlon of the  Central  States  Aero  Corporatlon,  Shank  Axport, 
In&anapohs,  Indlana  The  fabrlc  and Its dope were ten  years  old  A unlform  callbratlon 
procedure  was  obtamed  through  the  use of a standard  pattern 7 by 7 112 lnches  as  shown In 

flanked by  a row of 13 spots  for  Impact  tests  Thls  pattern was  stamped in  Ink a t  42 locations 
F l g  8 Thls Includes four  tenmle  str lps,  1 Inch  wlde  and 7 Inches  long, each of whlch IS 

on  the  top f a b r x   s u r f a c e s  of the  upper and lower  wmgs of the  alrplane to provlde 2,730 Impact 
test  spots  and 168 tensl le   tes t   s t r lps   The  pat terns   a lso  were  used  as   f le ld   data   sheets   The 
tester  was  apphed  at   the  pattern  spots  For  each  tenslle  str lp,   progresslve  changes In tester 

fabrlc   Tester   adpstments   and  penetrahon results were  noted on the  correspondlng  pattern 
adlustment were made to determlne  the  adJustment that  would  cause  penetratlon of the  doped 

used  as  a data  sheet.  together  with  other  pertment  data  Durlng  the  penetrahon  tests  m  the 
fleld,   the  temperature  varled  from 70"  to 7 3 "  F , and  the  relatlve  humldlty v a n e d   f r o m  52 to 
58 per  cent 

The  fabrlc  then  was  removed  from the alrplane  and  the  four  str lps were cut   f rom  each 
pattern or sample  A  system of sample  and  strlp  numherlng  ldentlfled  each  strlp  wlth Its 
sample  and  wlth its data  sheet  As  each  strrp  was  tested,  both  the  strength  and  the  polnt of 
fallure  were  noted  on  the  correspondmg  data  sheet  The  strrp  parts  then  were  stapled  together 
and to the  pattern on the  approprlate  data  sheet  Flgure 8 shows  the  utdlzatlon of the  standard 
pa t te rn   as  a data  sheet  and  the  tens&  test  strrps  attached  to that data  sheet 

To estabhsh the relatlonshlp  between  tester  adJuStment  for  penetraaon of doped f a b n c  
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F l g  5 Tester  Energy  Tests - Coupon Dent 

TESTER SETTINO [?URNS OF HANDLE) 

&-- 
-u 

Flg 6 Impact  Characterlstlcs  hrcraft  Fabrlc  Tester  with  AdJustable Handle 
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7 Impact  Characterlstxs  Axrcraft  Fabrlc  Tester wlth Flued-Length  Handle 

Flg 8 Calibration  Pattern - Data  Sheet 



7 

TABLE 1 

NONUNIFORMITY IN STRENGTH OF  DOPED  FABRIC 
RESUME O F  TENSILE  STRENGTH AND 

Upper  Left-Hand Lower  Left-Hand 
Wing Wmg 

Test  Sample of Strlp  Dope  Mln  Max 
T S  T S  

Mm Max 
T S   T S  

( lbs  / in  wldth)  (lbs /In wldth) 

Includes  all  samples On 47 90  64 140 

Off 28 57 42  76 

Includes  the four s t r lps  
from  7-Inch  by 7 112- 

On 

Inch  sample  havmg  greatest  Off 
varlatlon In tenslle  strength 
values 

70  90 92  140 

2 6  49 45 76 

dope  was  remo\ed  f rom 17  of the  samples  (66  tenslle  stnps)  However,  2 5  of the  samples  
were cut Into 100 tenslle  strips  wlthout  removlng  the  dope  The  tens& strips were tested m 
a standard  Model J - 2  Scott   fabrlc  tenslle  testlng  rnachlne  whlch  f lrst   was  cahbrated  to insure 
prec lse  operatLon  Durmg  those  tests  the  temperature  vaned  from  73"  to 7 6 "  F , and  the 

of 70" F and a relative  humldlty of 65 per cent 4 The  tenslle test r e s u l t s   a r e  shown m Fig 9 
relatlve humldlty  varled  from 50 to 59 per  cent Standard conhkons  Include a tempera ture  

Flgure 9 a lso  shows an  outlme of  the wlngs and  the  locahons of the  samples  whlch 
Incorporated  the  standard  pattern  The  range  of  tenslle  strengths of the  four  str lps  taken 
from  each  sample 1s represented  by a v e r k c a l   b a r   w h x h  1s ahgned  wlth  the  sample  Involved 

the  upper  half of F l g  9 The  strength of the  fabrm  on  the  rear   porkon 1s plotted m the  lower 
The  strength of the  fabr lc  on the  forward  portlon of the  wlngs 1s represented  by the b a r s  1n 

half of F I g  9 The s o h d   b a r s  show the strength of the  fabr lc  with dope  The  dotted  bars  show 
Its  strength  wlth  dope  removed 

that  the  strength of the  doped  fabnc  and of f a b r x  wulth dope  removed IS extremely  nonunlform 
Thls  also  may  be  seen ~n F lg  10 

a comparlson of the  bars  shovnng  the  test   results of samples  Nos 3 and 4, r e a r ,  a dope 

22, front,  mlght  be  Interpreted  to  show a dope strength of 57 pounds 
strength of four  pounds  mlght  be  mdlcated,  whereas  the  values  shown  b)  samples  Nos 21 and 

The  callbratlon of the  tester  was  accompllshed  as  follows go, no-go  penetratlon  tests 
were made  by  applymg the tester to the  spots  on  elther  slde of the  tenslle  str lp.   These  are 
shown as   sma l l  clrcles ~n Flg 8 Whlle  movlng from  one  spot  to  the  next,   the  tester  adpmt- 
ment  was  alternately  Increased  and  decreased  a6 penetrations occurred  or  stopped In 
Flg  8, the  tester  adjustments  are  noted  opposlte  each  spot  and a c r o s s  In the  spot  mdlcates 
penetratlon A process  of averaglng  adlustments  before  and  after  penetratlon  was  employed 
to  determlne  the  penetratlon  value  However,  only  those  spots  adJacent  to  the  polnt of tens& 
fallure were consxdered  The go, no-go  values  used  are  llnked  by  curved  llnes m F lg  8 
Referrmg  to  strap No 1 In Flg 8 and  to  the  llnked  penetratlon  values on elther  slde of that 
s t r ip ,  It wlll  be seen that  the following adJustments  were  Involved  12  and 11, 12 and 1 2 ,  
12 and 11, 11 and  12, 12 and  11,  and 11 and 12 The  average of those  adlustment  values 1s 

polnts in Flg 10  A notatlon m that fxgure ldentlfles t h s  pomt 
11 6. whlch,  together  wlth  the  73-pound  tenslle  strength of s t r l p  No 1,  locates  one of the 68 

represents  a value of tenslle  strength  versus a penetratlon  settmg  However,  penetrahon 
As wlll be  noted,  the  polnts  shown m F lg  10 are  wldely  scattered.   Each of these 

When  the  fahrlc  was  removed  from  the  alrplane  and  brought  Into  the  laboratory,  the 

A re sume  of the  tenslle  strength  values IS glven In Table I From  th l s  It  wlll  be  seen 

Frgure 9 also  provldes  an  Indlcakon  as  to  the  strength contributed by the dope  Through 

4A S T M Speclflcatlon D39-39 



tests  cannot  be  made on the  same  portlons of fabrlc  that   are  subjected to tensl le   tes ts  When 
thls 1s  consldered m the  hght of the  nonunlform  characterlstlcs of both  the  fabrlc  and  the 
dope,  and  smce  both  testers  are  reasonably  accurate ln thelr  dellvery of impact  blow  energy 
(Flgs 6 and 7), the  scatter of pomts In F l g  10 must  be attributed to the  nonunlform 
c h a r a c t e n s a c s  of the  fabrlc  and  dope 

In splte of thls  scatter,   however,  It 1s  posslble  to  estabhsh  a penetration, no-penetratlon 

be  used  to establish an   adps tment  s o  that  the  tester  may  be  employed  to  determme  whether o r  
lme  Thls 1s shown on Flg 10 a s  the upper  boundary of the  cahbratlon  polnts  Thls  lme  may 

not  the  tenslle  strength of an   a rea  of fabr ic   less  dope 1s greater  than  a  predetermmed  value. 
Refer rmg to Flg. 10, rf the  tester 1s adlusted to 3 5 turns  of the  handle,  and If I t  IS applled 
agalnst   an  area of fabrlc a very  large  number of hmes  and no penetraaon  occurs,  then  the 
user  can  be  reasonably sure that  every  portlon of the  fabrlc  wlthn  that   area  wlll   have a 
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F l g  10 Fabrlc  Tester  CallbratLon  Settmg  for  Penetration of Doped  Fabric 
Versus Tenslle  Strength of Fabric  wlth  Dope  Removed 

tenslle  strength of  56 pounds or   more,  wlth  dope  removed  Thls  value IS the  mlnlmurn 
allowable  for  grade A fabr lc  2 

means  for  determmmg  the  thlckness of spacers  to  be  Inserted  behmd  the  sprmgs of the 
flxed-handle or fleld-type  testers so that  they  can  be  used  for  fabrlc  testlng 

The  spacer  thlckness  to  use In connection wlth  grade A fabrlc   was  determmed as 
follows  referrlng to Flg 6,  a settlng of 3 5 turns  of the  handle  can  cause  an  lndentatmn  of 
the  alumlnum  coupon of a s   n u c h   a s  0 091-inch or  a s   h t t l e  as 0 O83-lnch The use of the 
hlgher  value  as a settmg requlrement IS conservahve  Thls  value  was  apphed In Flg 7 for 
the  flxed-handle tester From  thls   f lgure,  It will be  seen  that  an  mdentatlon of 0 091-lnch 
would  be  caused by spacer   thlcknesses   varylng  f rom a low  value of 0 100-Inch to a hlgh  value 
of 0 175-lnch In thls  case,  the  hlgh  value of 0 175-ldch  would  be  conservatlve,  and If such a 
spacer  w e r e  used In tes te r   Ser la l  No. 10197, the cer tamty of a rellable  lndlcatlon of adequate 
grade A fabrlc  strength  would  be  assured 

speclfy  f lelu-tester  adlustrnents m t e r m s  of coupon  Indentations.  rathe?  than m te rms  of 

f rom  t lme  to tune,  has   made ~t necessary  to  develop a cahbratlon  devlce  for u s e  In  the  fleld 
spacer   thlcknesses   Thls ,   p lus   the  need  for   checkmg  the  tes ter ' s   aperat lng  character ls t lcs  

coupon lndentatlon of at leas t  0 091-lnch  Thls  would  compensate  for  shght  dlfferences 
Thls 1s shown m Flg  11 Through  Its use, spacer  thxknesses  can  be  adJusted to cause a 

between  mdlvldual  testers. 
In a s imilar   manner  to t h a t  descrlbed  In  the  foregolng, F lg  10 mdlcates   that   the  

adJustable  handle  tester  at  minus 0 7 5  turns  would  provlde  an  mdxatlon of fabrlc-less-dope 
s t rength of 46 pounds or  more  Thls  1s the  mlnlmurn  requlrement for mtermedlate-grade 
fabr lc  less dope Refer rmg to F lg  6 ,  a settlng of mmus 0 75 corresponds  to  a mamrnum 
Indentation of 0 073-mch  Referrmg to F l g  7 ,  It wlll  be seen  that  the  om1ssmn of a spacer  
from  that  partlcular  tester  would  Insure  an  lndentatlon  value of a t   l eas t  0 075-~nch  Thm 
would  provide a sl lghtly  conservatlve  mdlcatmn  as  concerns  lntermedlate-grade  fabrlc 

Assummg  that  such  llmlted  mdlcatlon 1s  adequate,  It  then  was  deslred  to establish a 

Because of dlfferences In manufacturmg  tolerances, It 1s consldered m o r e  practical to 

'See footnote 2 on p I 
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Flg 11  Fleld  Callbratlon Devlce 

used  agalnst  alrcraft  covermgs  whlch comprised a combmatlon of adequately  strong  fabrlc 
The fabnc  tes ters   adpsted  and  f i t ted  wlth  spacers   as   heretofore  described have  been 

and  brlttle  dope  The  dope  showed  crackmg  but  the  fabrlc  was  not  penetrated 

CONCLUSIONS 

1 The  depth of lndentatlon of sheet  alummum  provldes  an  adequate  means  for  measurlng 

2 The  test   results  presented m F l g  9 Indxate  slgnlflcant  varlatlons In  the  tenslle 

3 Thls  portable.  impact-type,  flxed-handle  fabrlc  tester,  when  applled to  the  doped  fabrlc 

the  blow  energy delivered by the fabrlc   tes ter  

strength of deterlorated  fabrlc  both  wlth  and  wlthout  dope 

covenng of an  alrcraft ,   provldes a rehable   mhcahon  tha t   the   s t rength  of that  fabrlc  wlth  dope 
removed IS above a predetermined mlnlmum  value 

on el ther   mtermemate or grade A doped  fabrlc 
4 The t e s t  results  lndlcate  that  thls  flxed-handle  tester  can  be  properly  adlusted  for  use 

devlce for detectmg  brlttle  dope. 
5 Tlus  portable.  Impact-type.  flxed-handle  fabrlc  tester  also IS a sultable  lnspectlon 

adpstable-handle  type 
6 The  f lxed-handle,   Impact-type  fabrx  tester 1s better  suited  for use In  the  fleld  than  the 

be specified In t e rms  of the depth of IndentatIan  produced  when  the  tester 1s  used  agamst  a 
7 The  blow  energy  requlrements  for the flxed-handle.   Impact-type  fabrlc  tester  should 

bavmg a flatness  tolerance of 0 002-lnch  when It 1 s  clamped In such a manner  that a c l rcu lar  
sheet of dead  soft  alummum  havlng a t b c k n e s s  of 0 0163-~nch  plus or  mmus  0.0001-lnch  and 

a r e a  1 123  Inches ~n dlameter 1s lef t   f ree   for   dentmg 
8 When  the  tester 1s to be  used  agamst  grade A doped  fabrlc,  the  depth of mdentatlon 

mentroned In Item 7 should  be  at  least 0 091-mch 
9 When  the  tester 1s  to  be  used  agamst  Intermemate-grade  doped  fabrlc,  the  depth of 

lndentatlon mentioned In Item 7 should  be  at  least 0 073-lnch 


