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ABSTRACT 

devlce  was deve loped   and   t e s t ed   on   va r lous   r ep resen ta t ive  
samples   o f   b lade   cons t ruc t ion .  The data  accumulated  from 
these t e s t s   p r o v i d e d  a t e c h n l c a l   b a s i s  upon  which  the 
s p e c i f i c a t l o n s   w e r e   w r l t t e n  f o r  a p o r t a b l e   f l e l d - t y p e  
devlce   to   de tec t   nonhomogenei ty   in   he l icopter   b lade   bondme; .  

An expe r imen ta l   he l l cop te r   b l ade   bond ing   In spec t ion  
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PURPOSE 

specificatlons  under contract with the Office of the Chief 
The purpose of this  task assignment  was to  develop 

of Army Transportation to form  a  guide for the  construction 
of a  prototype  army  helicopter  blade bondmg inspection 
device. 

SUMMARY 

for  a  practical,  nondestructlve  fleld  testing  device for in- 
This  report  describes  the  development of speciflcations 

specting  adhesive-bonded  hellcopter rotor blades  and  other 
similar  adheslve-bonded  alrcraft  structures. 

developed  to  determine the practicability of such an in- 
An experimental  device  called  a  Flawmeter was 

strument,  and  to  obtaln  technical  background  informatlon 
whlch  could be used f o r  preparing  speclficatlons for pro- 
totype  equipment.  The universally used  coin-tapping  method 

basis for the  development of the  Flawmeter.  Coin-tapping 
of locating  flaws in adheslve-bonded  structures formed the 

is slmple  and  fairly reliable, but  it is limited  to  use in 
quiet  locations,  and  the  results  are  only  qualltatlve. 

The  difference in the  coin-tap  sound for good and for 
poor bonds, so readlly  distinguished  by  the  human  ear,  was 

tapping  devlce with a meter  Indicator or Flawmeter  was 
analyzed.  From  thls  analysis, a precision,  electronlc 

designed  and  built. 

In a  series o f  tests  uslng  the  experimental  Flawmeter 
on seven  representative  structural  test  panels, not only 
were  the  poorly  bonded  areas  correctly  indlcated,  but  the 
vagaries of adhesive flow and  dlfferences in structural 
solidity  were  clearly  Indicated,  thereby  demonstrating  the 
practicability of usmg the  Flawmeter as a  fleld testmg 
Instrument. 
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INTRODUCTION 

Transpor ta tLon  da ted  December 11, 1956, t h e   C l v i l  Aeronau- 
t l c s   A d m l n l s t r a t i o n  ( C A A )  Technlcal  Development  Center 
(TDC)  undertook  the  development of specifications f o r  a 
f i e l d - t y p e   d e v i c e  for i n s p e c t i n g   h e l l c o p t e r   r o t o r   b l a d e  
bonding. A three-phase  program was e s t a b l l s h e d  1 to 
mves t iga t e   me thods  for n o n d e s t r u c t l v e   t e s t m g ,  I )  2 t o   d e -  

velop a p r o t o t y p e   t e s t i n g   I n s t r u m e n t .   T h l s   r e p o r t   c o v e r s  
v e l o p   s p e c i f i c a t i o n s  for a t e s t ing   dev lce ,   and  ( 3 )  t o  de- 

the  second  phase of the  program. The f l r s t   p h a s e   o f   t h e  
program L S  d e s c r l b e d   i n  a p r e v i o u s   r e p o r t . 1  

Under c o n t r a c t   w l t h   t h e   O f f l c e  of the   Chlef   of  Army 

p r o g r a m   r e v e a l e d   t h a t   t h e r e  were two prac t lca l   methods   o f  
t e s t ing   adhes ive   bonds -  (1) by  means of u l t r a s o n l c s ,   a n d  
( 2 )  by c o n   t a p p i n g . 2   T h e s e   m e t h o d s   a r e   n o t   r e a d i l y   a d a p t -  
a b l e  to f l e l d  use. The u l t r a son ic   equ lpmen t  1 s  l a r g e  and 
t h e   l n d l c a t l o n  of a r e a s  of poor  bondlng i s  complex. The 
com-tapping  method 1 s  dependen t   on   au ra l   In t e rp re t a t ion  
and   therefore ,  1 s  SubJec t   to   sound  In te r fe rence   and  differ- 
ences   In   lnd lv ldua l   hear lng   and   judgment .  To produce a 
u s a b l e   f l e l d   t e s t i n g   d e v l c e ,  lt a p p e a r e d   t h a t   t h e  most prac -  
t ical   approach  would  be  to   develop a devlce  based  on  the 

p r e c l s e   i n d l c a t l o n s  of t h e  bond q u a l i t y  
coln-tapplng  method but   hi ch   can   present   reproducib le ,  

The i n v e s t l g a t l o n   c o n d u c t e d  I n  t h e  first phase of t h e  

one d l a c r e t e   d l f f e r e n c e  In t h e   t a p  sound  between a good 
bond  and a poor  bond or vo ld   a r ea ,  ( 2 )   e x a c t   r e p r o d u c l b l l l t y  
o f   t he   t ap   sound   a t  a s u r f l c i e n t l y  h l g h   r a t e   t o   g i v e   t h e  
e f f e c t  o f  a perxodlc  or contmuous  sound,   thereby  glving a 

p r a c t l c a l  for f le ld   use ,   the   devlce   should   be   rugged   and  
s teady  response  on a meter - lnd lca tor ,   and  ( 3 )  t o  be 

The r e q u l s l t e s  for s u c h   i n d l c a t l o n s   a r e  (1) at  leas t  

for Inspect lng  Adhesive-Bonded  Jolnts  i n  Hel lcopter   Rotor  
lRobert  C .  Mulvey and MarLon J .  Arvln, "Some Methods 

Blades,"  Technlcal  Development  Report  No. 371, September 
1958. 

o f   d i f f e r e n c e s   I n  waveform, r e f l e c t e d  from a c r y s t a l   p r o b e  
h e l d   a g a i n s t  t he  s u r f a c e  to b e   t e s t e d ,  t o  i n d l c a t e  bond 
q u a l l t y .   C o m - t a p p l n g   i n s p e c t i o n  1s done  by t a p p i n g   t h e  
sur face   over   the   bond  wl th  t h e  edge  of a h a l f - d o l l a r  or 

and  poor bondlng 1 s  d l s t l n g u l s h a b l e .  
slrnllar ObJect .  The d i f f e r e n c e   I n   t h e   t a p   s o u n d   o v e r  good 

2 U l t r a s o n l c   t e s t   d e v i c e s   u s e   a n   o s c l l l o s c o p e   d l s p l a y  
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compact,  nave low power d r a l n s ,   a n d   b e   r e l a t l v e l y   f r e e  f rom 
e f f ec t s   o f   ex t r aneous   no l se  

I n  undertaking t h e  study, l t  was declded f l r s t  t o  

bonds,  and secondly ,   to  de te rmlne   the  r e p r o d u c l b l l l t y  of 
determlne t h e  difference In   t ap   sounds  over  good and poor 

the  sound waves From t h e s e   d a t a ,  i t  was b e l l e v e d   p o s s i b l e  
t o  develop a c l r c u l t  for dls t lnguLshlng  or m d l c a t l n g   t h e  
qua l l ty   o f   the   bond.  

CHARACTERISTICS OF TAP SOUNDS 

w e r e   b u l l t   w i t h  known areas of poor  bondlng or v o l d s   t o  
p rov lde   accu ra t e ,  known condltlon.;  of bonding or l a c k  of 
bondlng i n   v a r l o u s   t y p e s   o f   s t r u c t u r e .   S e e  Fig. 1, where 
the a r e a s  of poor bondLng i n  s e v e r a l   s t r u c t u r e s   a r e  o u t -  
l m e d .  The most promlnent  areas  of  poor  bondlng or voLds 
under t h i n  cove r   shee t s   cou ld   be   l oca t ed   r ead l ly   by   co ln -  
tappmg.   These  panels were  used I n   t h e   l n v e s t l g a t l o n   a n d  
development of t he   expe r J -men ta l   dev lce   desc r~bed  I n  this 
r epor t   Pane l s  2, '1, and 5 'were used t o  p r o v l d e   c l e a r - c u t  
1ndLcatl.ons of bond quallty. 

I n  t h e   f l r s t   p h a s e   o f  th rs  p r ~ g r a m , ~   s e v e n   t e s t   p a n e l s  

D u r l n g   t h e   f l r s t   p n a s e  o f  the   p rogram,   t ec t s   were  

t app lng   dev lces .  The sound caused by t h e   t a p p i n z  ,gas picked  
conducted w l t h  electrically d r l v e n ,   c o n t ~ n u o v s   b u t   e r r a t l c ,  

up by a microphone, ampl l f l ed ,   and   f ed   t o  a v o l t m e t e r   t h a t  
indicated the   ampl l tude   o f   the   sound  These   t es t s  showed 
t h a t   t h e r e  was some, b u t   e v t d e n t l y   u n r e l l a b l e ,   r e l a t L o n  
between  the  ampll tude o r  loudness  of t h e  t a p  sound  and  the 
condl t ron   of   the   bond.   Therefore ,  l t  was dec lded   t o   1n -  
v e s t l g a t e   t h e   e x a c t   d i f r e r e n c e  !n tap  sounds as heard  and 

bonding. For t h l s  purpose,  l t  f l r s t  was necessary  t o  
l n t e r p r e t e d  by t h e  ear   between a r e a s  of good  and  poor 

d e n s e  a means o f  producing t a p s   o f   e x a c t l y   t h e  same Lmpact 
force   and  of e x a c t l y  t h e  same d u r a t l o n  o€ t he   t appe r   dwe l l  
or c o n t a c t  time on a n y   s u r f a c e   b e m g   s t r u c k .  An approxl-  
matlon of t apper   dwel l   t lme,  In  hand  coln-tapplng, was 
found t o  be 5h m l l l l s e c o n d s .  

An e l e c t r o n l c a l l y   c o n t r o l l e d ,   s l n g l e - t a p   d e v l c e  was 
deslgned  and b u i l t  See PIE. 2 I h t h  t h i s   d e v l c e ,   t h e  tap 

adjustment  of t h e  t Lmlng c a p a c l t o r ,  as shown I n  FLE. 3 A 
force   and  t h e  d u r a t l o n  o f  t a p  dlwell could   be   cont ro l led   by  

t a p  was produced for each   push   on   the   cont ro l - swLtch   bu t ton .  
I n   o p e r a t l o n ,   t h e   b u t t o n  was r e l e a s e d  t o  discharge the 

'Mulvey and  Arvln,  op c l t .  
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capacitor bef 'orc   another   tap tras p roduced   S t a r t lng  \ n t h  
t l i e   54-1n~l l l second  va lue ,  It was f o u n d   t h a t   t h e   t a p p e r  
dwell   t lme  should  be as s h o r t  as practicable. The sound of 

and  fed  t o  a n   o s c ~ l l o s c o p e .  The o s c l l l o s c o p e  t r a c e  was 
t h e   s m g l e  t ape  of t he   dev ice  was p lcked  up  by a mlcrophone 

triggered by the   t appe r   con t ro l   swl t ch ,  so t h a t   p r e s s l n g  t h e  
s w i t c h   b u t t o n   s t a r t e d   b o t h   t h e   t r a c e   a n d   t h e   t a p  
s lmul taneous ly .  

The o s c l l l o s c o p e   d l s p l a y s  of t yp lca l   sound  waves a s  

bonding, F lg .  4A, and over  poor  bonding,  Flg.  4B. It will 
shown I n  FL& 4A and 4B I l l u s t r a t e   t a p   s o u n d s  over  good 

be  noted t h a t  t h e   t r a c e   I n   F l g .  4 A  shows an essentially 
constant   f requency  of  2,500 cyc le s   pe r   s econd   ( cps ) ,   whereas  
the   f requency  of t h e   t r a c e   I n   F l g .  4B decreases  as t h e  wave 
d l e s   m a y .  The t r a c e   p a t t e r n   o v e r  a vo ld   a r ea ,  as shown I n  
F l g .  '+E, m d l c a t e s  a beat  between a low  frequency  and  the 
hlgher   Impact   f requency,   thereby  producmg  the  notched  ap-  
pearance  to   the  sound  wave.  The readl ly   measurable   ampl l -  
t udes  o f  the  sound wave of a n o n d e s t r u c t l v e   t a p   a r e  s e m  t o  
have a d u r a t l o n  of approximately 8 m l l l l s e c o n d s .  The d l f -  
fe rcnce   In   sound  be tween  the   waves   In  F lg .  4A and 4B, as 

bondcd o r  vo ld   a reas   causes   an   admxture   o f   lo r re r   tones  to 
he? ! by  the  human ea r ,  1s t h a t  the  sound  caused by poor ly  

fo l low  the  i n l t l a l  Impact  sound. The resulting damped 

was a p p a r e n t   t h a t  a t a p p e r   d r l v e n   t o  s t r l lce  a t   t h e  end af 
sound  waves  were  reproduced  preclsely wlth each   t ap .  It 

the  decay of each   preceding   tap   sound wave, t h a t  IS, every 
8 ml l l i s econds  (125 taps   per   second) ,   would   p roduce  a p e r l -  
o d i c  t r a m  of damped waves  which  could  be  analyzed,  and  wlth 
s u l t a b l e   c l r c u l t r y ,   l n d l c a t e   t h e   d l f f e r e n c e   b e t w e e n  good 
and  poor  bonds or v o l d   a r e a s .  

An e x p e n m e n t a l   t a p p l n g   d e v i c e   s u l t a b l e  for o p e r a t l o n  
a t  the   des l r ed   f r equency  of 125 t aps   pe r   s econd  was de- 
s i g n e d   a n d   b u l l t   u s m g  a t u n e d   s t e e l   r e e d   c a r r y i n g  a hammer. 
A r e c t a n g u l a r  wave d r l v e r  was used   t o   p rov lde  a sudden  ap- 
p l l c a t l o n  and r e l e a s e  of t h e  hammer. The r e c t a n g u l a r  wave 
for t h e   d r l v e r  was der lved  f rom a t r a n s i s t o r   m u l t l v l b r a t o r ,  
amplified, a n d   a p p l i e d   t o   t h e   c o i l   o f  the  reed- type   t apper .  
See F lg .  5 A .  T h l s  t a p p e r  was lmproved   by   subs t i tu t ing  
wheels for t h e  back sksds, and a n y l o n   f o o t  l n  p l a c e  of the 
screw, as shown i n  F lg .  5B. The p r e c i s e   d r l v e   a n d   r e s u l t m g  

e l e c t r o n l c a l l y   d r l v e n  t appe r ,  a r e  shown I n  t h e  t h r e e  sepa-  
e x a c t   d u p l l c a t l o n  of the   sound waves,   obtalned wl th  t h e  

ra te  exposures,   taken 1 mlnu te   apa r t ,   I n   F ig .  6 .  The p u l s e  
t h a t  d r l v e s  the  r e e d  1s a p p h e d   a f t e r   t h e   r e e d  hammer has 
s t r u c k   t h e   s u r f a c e .   T h i s   p h a s e  shift g lves   t he   mos t  
vlgorous  reed  swlng.  The exact   t lme  of   each wave t ram i s  

5 



7.8 mlllrseconds, w ~ t h  power on for 3.5 mllllseconds.  Each 
dlvlslon In FIE. 6 represents 2 mllllseconds. 

The  hammer  dwell  time for the reed-type tapper is 

dwell over a firm structure (No. 5 panel),  the dwell  tlme 
shown In Flg. 7A and 7B. Flg. 7A Illustrates the  short 

bemg approxlmately 0.8 mllllsecond.  Flg. 7B Illustrates 
the  dwell  tlme over a loose  surface facmg wlthln  the  square 
area of the No. 5 panel.  The  hammer  dwell tlme  Increased, 

milliseconds. 
due  to  ylelding of the  metal,  to  approxlmately 3 

INDICATOR 

The  characterlstlc  difference 1n the  sound  waves 
between  good  and poor bonds  was  shown to be  an admixture 

bond  deteriorated.  Over a good  bond,  the  resulting  sound 
of lower  frequencles of relatively hlgh amplltude  as  the 

consists of short  (approxlmately  2-mlllisecond)  bursts 
spaced  approxlmately 6 mllllseconds,  but  over  a poor bond, 
the  sound  wave  will be almost  contlnuous  due to the  low 

would mdlcate the need for an Indicator clrcult in which 
frequencles of high amplltude that follow the  lmpact.  Thls 

the  output  current or voltage  developed  by  tne  damped  sound 
wave  input  would  be  proportlonal  to  the  decrease In 
frequency. 

the  dlfference in the  amount of sound flll-ln of the 8- 
mllllsecond time intervals. A mlcrophone  converts  the 
sound Into electrical pulses,  and  the  current 1 s  fed to an 

lmpact  sound,  followed  by 6 milliseconds of sllence.  Thls 
electric  meter.  Over  a good bond,  there IS only the  tap 

condltlon wlll give a very  low  total  average current for 
the  time  perlod,  but over a poor bond,  the  sound is almost 

time  perlod. A clrcuit is arranged  to  integrate or average 
contlnuous,  glvlng  a  large  total  average  current Por the 

the  sound. 

The  clrcuit  developed for the Flawmeter  makes  use of 

illustrated In  Flg. 8, where C and R form an Integrating 
The  clrcult  used In the experlmental Flawmeter 1 s  

circuit.  The  dlodes, Dl and D2, serve as an automatic 
switch,  sending  the  plus  polarlty  half-pulses  to  ground 
through D2 and  the  negatlve  polarlty  half-pulses  charge 

through the reslstance R and  the  small  reslstance of the 
capacitor C through Dl. Capacitor C can dlscharge  only 

meter M to deflect In accordance  wlth  the  average  charge 
base-to-emitter of the transistor VT1, thus causmg the 

and  discharge  current of C Hence,  over  a  good  bond,  when 
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the   sound waves are composed  of pu lses   separa ted   by   about  
6 milliseconds, the   meter  w i l l  r e a d  low,  whereas  over a poor  
bond w i t h  a lmost   cont inuous   sound  pu lses ,   the  meter w i l l  
r e a d   f u l l   s c a l e .  

The r e q u i s i t e  f o r  u s e  o f  t h e   l n t e g r a t i n g   c i r c u i t  i s  

be   e l imina ted   a s  much as p o s s i b l e  so  t h a t   o n l y   t h e   f r e q u e n c y  
t h a t   t h e   a m p l i t u d e ,  o r  volume, v a r i a t i o n   o f   t h e   s o u n d  must 

or p u l s e   d i f f e r e n c e   r e m a i n s .  The sound  rece ived  a t  p o l n t  A 
of Fig.  8 1s shown ampl i f i ed  i n  F i g .  9 A ,  however, the   ampl i -  
f i c a t i o n  i s  n o t  as g r e a t   f o r   F i g ,  9 A  as i t  i s  I n  F lg .  9B, 
as w l l l  be   no ted  by t h e  difference i n   t h e   I n d i c a t e d   l L m L t l n g  
l e v e l s .  The sound i s  b o t h   a m p l l f i e d   a n d   l i m i t e d ,   I n  ampll- 

FIE. 9B. The sweep r a t e   f o r   t h e   o s c i l l o s c o p e   w r i t l n g  beam 
t u d e ,   I n   t h e   t r a n s l s t o r   a m p l i f i e r   o f   F i g .  8, as shown I n  

meter,  whlch IS t h e   d i s t a n c e   b e t w e e n   t h e   g r l d  l l n e s .  
€or t h e   p l c t u r e s   o f   F i g .  9 was 5 m i l l i s e c o n d s   p e r   c e n t i -  

c o n d i t i o n s  of the   bonding .   Sec tor  0 - 3 of the meter  1 s  
c o l o r e d   g r e e n   f o r   g o o d ,   s e c t o r  3 - 6 1 s  c o l o r e d   o r a n g e   f o r  
poor, and t h e  f i na l  s e c t o r ,  6 - 10, i s  c o l o r e d   r e d   f o r   v e r y  
bad. The l a rge r   t he   r ead ing ,   t he   poore r   t he   bond ing .  Any 
upsca le  movement o f   t he   me te r   need le   Ind ica t e s  a decrease  
I n  bond q u a l l t y .  Over   box- type   s t ruc tures ,  the  need le   r eads  
higher   because  of   the  open or vo id   cond i t ion  o f  t h e  box; 
however, t he   me te r  w i l l  i n d i c a t e  a poor  bond  over such a 
box s e c t i o n  by a s l i g h t   r i s e   a b o v e   t h e   b a s i c   r e a d i n g  f o r  
the good  box s e c t l o n .  

F l g .  10 i l l u s t r a t e s   t h e   m e t e r   u s e d   t o   i n d l c a t e   t h e  

An I n v e s t i g a t i o n   o f  a d l rec t   f requency   compar ison  
c i r c u i t   a l s o  was made. The c i r c u i t  i s  shown I n  F i g .  1 1 A .  
The component va lues  were a s s i g n e d   f o r  a f r e q u e n c y   d i f f e r -  
ence  of 2,000 t o  500 c y c l e s   p e r   t a p   s o u n d .  The t e s t   s e t u p  
f o r   t h e   c l r c u i t  1 s  shown i n  Flg. 11B. 

the   f requency  was var ied  f rom 4,000 c y c l e s  down t o  200 
cyc les ,   and   the   ou tput   vo l tage   read   on   the  vacuum tube  
vo l tme te r  

A l eve l  of 12 v o l t s  was ma in tamed  a t  the   i npu t ,   and  

Frequency 

4.000 
(CPS) 

Vo l t s   ou tpu t  

2.8 
2;  000 
1,000 

500 
4 00 
200 

2.9 
3.35 
3.95 
4.1 
4.95 
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The r e s u l t s   o b t a m e d   w l t h   t h e   c l r c u l t  of Flg. 11A, a s  

used in   the   F lawmeter ,   p roduced  a more s h a r p l y   d e f l n e d   i n -  
compared to t h e   c o u n t l n g   t y p e   o f   l n d l c a t o r   c l r c u l t   a c t u a l l y  

I n d i c a t i o n  when used on t h e   h e a v y   s t e e l   t e s t   p a n e l ,  No. 2.  
d l c a t l o n   o n   t e s t   p a n e l  No. 5 (F lg .  1) b u t   n o t  as good  an 

frequencles   over   poor   bondlng  on  tes t   panel  No. 2 were  hlgher  
It has  been  noted t h a t  bo th   the   impact   and  lower fo l lowing  

l n   f r e q u e n c y   t h a n   t h o s e   o b t a m e d  on t e s t  p a n e l  No. 5. The 
d l r e c t   f r e q u e n c y   c o m p a r l s o n   c l r c u l t   s h o u l d   b e   m v e s t l g a t e d  
f u r t h e r .  

CONSTRUCTION OF A PRACTICAL TEST DEVICE 

a. Reed-Type  Tapper: The o r l g i n a l   r e e d - t y p e   t a p p e r ,  

b ra tor ,   which  IS designed to v i b r a t e  a t  115 c y c l e s  o r  115 
shown i n  -A, was evolved  from a Mallory   au toradlo  VI- 

t aps   pe r   s econd .  The v i b r a t o r  was d l sman t l ed ,   t he   con tac t s  
removed,  and t h e   d r i v e   c o l l  was rewound w l t h   t h e   c o i l   I n -  
su l a t ed   f rom  the   f r ame ,   u s lng   Ma l lo ry   spec i f i ca t lons   o f  
2 ,788   tu rns  o f  No. 35 enameled  copper wlre. The i n s u l a t i n g  
r eed   suppor t   s t ack  was r e p l a c e d   w i t h   s t e e l   t o   g i v e  a b e t t e r  
m a g n e t i c   c i r c u i t .  A c lamping   p la te  was used  on  both sldes 
O f  t h e   r e e d ,  as a crude  adJUStment for t h e   a c t i v e   r e e d   l e n g t h ,  
t o  t u n e   t h e   r e e d  for t he   bes t   swing .  A f la thead ,   1 /8- inch  by 
1/2-inchJ  anodlzed,  alwmnum  rivet was bonded t o   t h e   c e n t e r  
of t he   r eed   we lgh t ,   and   t he  small e n d   o f   t h e   r i v e t   s l i g h t l y  
rounded  of f   as  a hammer f a c e ,  A ho le  was punched i n   t h e   r e e d  
to   a l low  the   t ap   sound   t o   lmp lnge   d l r ec t ly   on   t he   mic rophone .  

which were  e l iminated by using  wheels a t  t h e   r e a r   a n d  a 
The o r ig ina l   t h ree - sk id - type   suppor t s   gave   squeaks  

Tef lon   sk ld   1 /2- lnch   behlnd  t h e  hammer. The s k i d   b e l n g  s o  
n e a r   t h e  hammer s l i g h t l y  damps the   h lgher   f requency   impact  
sound  of   the hammer b u t   d o e s   n o t   i n t e r f e r e  seriously wi th  
t h e  t o t a l  sound. The c l o s e   l o c a t l o n   o f   t h e   s k l d  t o  t h e  
hammer was found to be   necessa ry   t o  allow t h e  hammer t o  
fo l low  concave   sur faces .  

d r i v e r  c i r c u i t  were  developed  emplriGally.   Formulations 
f o r   s u c h  circuitry have  not   yet   been  developed A Type 

necessa ry  for quick  swltchlng  and  good  rectangular  wave- 
2N109 translstor was chosen   fo r  I t s  h l g h   c u r r e n t  rating, 

form. The CK722 c o u p l l n g   t r a n s l s t o r   r e d u c e s   t h e   l o a d   o n  
t h e   m u l t l v l b r a t o r   a n d   p r o v l d e s   t h e   b a s e   c u r r e n t   n e c e s s a r y  
t o  d r i v e   t h e  2N27O o u t p u t   t r a n s l s t o r .  

b .   Dr iv ing   C i rcu l t :  The transistor m u l t l v l b r a t o r  and 

spaced   taps .   Thls  p r e c i s i o n  1 s  ob ta lned  from a r e s l s t a n c e -  
The accuracy of the  Flawmeter  depends  on t h e   p r e c l s e l y  
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c a p a c i t a n c e   t u n e d   m u l t l v i b r a t o r ,   t h e   t u n e d   s t e e l   r e e d ,   a n d  
proper   adJustment  o f  t h e   l e n g t h  of t h e   d r l v e   p u l s e .  The 
r e s l s t a n c e   v a l u e s  o f  t he   mu l t lv ib ra to r   were   ad jus t ed   t o   t he  
point  where  any  comblnatlon  of two out   of  s ix  2N109 t r a n -  
s i s t o r s   c o u l d  be used. The coupl lng  capaci tors   were  chosen 
for t h e l r  low t e m p e r a t u r e   c o e f f i c i e n t .  

o f   t he   t aps  was 7 t o  10 mll l lseconds.   Al though  one  speed 
change was caused by a t r a n s l s t o r   f a l l u r e  and   severa l  I n -  
t e r r u p t l o n s  were   caused   by   s t ee l   pa r t i c l e s ,   p i cked  up by 

w i t h  the  t a p p e r .  Fo r  t h e   f i n a l   f i e l d   d e v i c e ,   t h e   m u l t i -  
t he   r eed   and   magne t ,   ve ry   l l t t l e   t roub le  was encountered 

v l b r a t o r   c l r c u l t r y  w l l l  n e e d   r e v i s l n g   t o   p r o v l d e  for 
t e m p e r a t u r e   s t a b i l l z m g   o f   t h e   t r a n s i s t o r s .  

It was found tha t  t h e   a p p a r e n t  limits f o r   t h e   s p a c i n g  

mlcrophone t o   p l c k  up the  sound  of  the  taps   p roved  a d l f f l -  
cu l t   p rob lem,   no t   on ly  d l d  It have t o  be  small ,   but  also 
capable   of   belng  mounted  near   the hammer so a s   t o   e x c l u d e  
ex t r aneous   no l se   and   p l ck  up on ly   t he   t ap   sound .  The an- 

from a hea r ing  a d ,  mounted i n  foam rubbe r .  
swer t o  t h l s  problem was t h e  use  of a dynamlc-type  earphone 

c.  Mlcrophone: A s u l t a b l e ,   v e r y  small, d i r e c t l o n a l  

The m a g n e t l c   f l e l d  of t h e   d r i v e r   c o i l   a f f e c t e d   t h e  
mlcrophone, until i t  was mounted  above a s tee l  p l a t e   o v e r  
the   f rame  of  the  v i b r a t o r .   S e e  Flgs. 1 2  and 13. The 
dynamic-type  microphone 1s p r e f e r r e d  to a c r y s t a l ,  a s  i t  1s 
much more weatherproof .  

hand-he ld   dev ice   fo r   t he   t e s t   work .  T h l s  l l m i t e d   t h e   s p a c e  
d.   Ampllf ler  It was d e c l d e d   t o   b u l l d  a compact 

a v a l l a b l e   f o r   t h e   a m p l i f i e r - v o l t m e t e r .  Only half-watt  s i z e  

work. The r a t h e r   l a r g e   s l z e   o f   t h e s e  unlts f u r t h e r  re- 
resistors and 1 N j 8 A  d lodes   were   ava i l ab le  for the  i n l t l a l  

c l r c u l t r y .  A s u l t a b l e   l i m l t l n g   t r a n s l s t o r   a m p l i f l e r  was 
s t r i c t e d   t h e   s p a c e   a n d   n e c e s s l t a t e d   t h e   m o s t   s l m p l e   f o r m   o f  

t h e   r e s i s t a n c e   v a l u e s   r e q u l r e d   t o   g i v e   t h e   n e c e s s a r y   a m p l i -  
empl r i ca l ly   des lgned ,   u s ing   an  oscilloscope t o  determine 

f i c a t l o n  and limiting. The va lues   chosen   gave   the   requl red  
a c t i o n ,   b u t   o p e r a t e d   t h e   t r a n s i s t o r s  a t  such low c u r r e n t  
and   vo l tage   va lues  as t o   g l v e   t r o u b l e .  Some l n v e s t l g a t l v e  
work had  been  done on p r o p e r l y   s t a b i l l z e d   t r a n s l s t o r  

The ou tpu t  of a s i m p l e   t r a n s l s t o r - b a l a n c e d   v o l t m e t e r   c l r c u l t  
c i r c u i t s   b u t   t h e   r e q u i r e d  h m l t m g  a c t i o n  was d i f r l c u l t .  

was u s e d   t o   d r i v e   t h e   m d l c a t i n g   m e t e r .   D e t a i l s   o f   t h e  
experlmental   assembly are shown I n  F i g s .  1 4  and 15. 
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rieavy  panel::  wlthout some form of volume o r  s e n s l t l v l t y  
c o n t r o l  The ampl l f le r   mlght   be   p laced   In   the   car ry ing  
case ,   bu t  t h l s  r e q u l r e s  a m u l t l m r e   c a b l e  w l t h  the   micro-  
phone wlre:: shielded. Therefore ,  a l l  of t h e  circuitry was 
b u l l t   l n t o   t h e   t a p p e r - l n d l c a t o r   u n l t   a n d   o n l y   b a t t e r l e s  are 
l o c a t e d   l n   t h e   c a r r y m g   c a s e .  The complete  experlmental  
F lawmeter   lnc ludlng   the   car rymg  case  1s shown i n   F l g .  16 .  

TEST RESULTS 

One a m p l l f l e r  may not   cover   the   range   of  11g11t to 

______ 

t o  duplicate t h e   v a r l o u s   t y p e s  of s t r u c t u r e   u s e d   l n   h e l l -  
c o p t e r   b l a d e s .  The a r e a s   o u t l l n e d  i n  whlte   were  lntended 

belng a v i scous   pas t e ,   f l owed   In to  some of   the   a reas   where  
as known a reas   o f  no  bonding,  however,  the  bondlng materlal, 

no bond was In tended .  The bondlng   mater la l  i s  t r a n s p a r e n t  
t o  X- rays .   The re fo re ,   In   h ldden   p l aces ,   t he re  1s no   su re  
way t o  ascertain the  exact   boundarles   of   the   unbonded 
a r e a s .  Where t h e  unbonded  areas   can  be  seen  or   probed  f rom 
the   ou t s lde ,   t he   r ead ings   o f   t he   F l awmete r   check   co r rec t ly .  
Therefore ,   the   Flawmeter   readlngs  should be cons ldered  as 
b e i n g   c o r r e c t   i n  a l l  p l a c e s .  The c h a r a c t e r l s t l c   o f   t h e  
Flawmeter 1s t h a t  i t  l n d l c a t e s   t h e   r e l a t l v e   s o l l d l t y  of 
t h e   s t r u c t u r e   b e n e a t h   t h e  hammer 

The s e v e n   t e s t   p a n n e l s  shown I n   F l g .  1 were   cons t ruc ted  

on foam rubber  1 l n c h   t h i c k .  The € o m  r u b b e r   I n s u l a t e s  the 
A l l  t e s t  readlngs  were made i v l t h   t h e   t e s t   p a n e l s   l y i n g  

t e s t  panel   f rom  the  sound  absorpt lon  of  a hard  bench  top.  
It 1s no t   necessa ry  to u s e   t h e  foam rubber  when t h e  s t ruc -  
t u r e   b e l n g   t e s t e d  1 s  suspended as a he l l cop te r   b l ade   wou ld  
b e .   S u c c e s s f u l   t e s t s   a l s o   w e r e   r u n  on a b l a d e   s e c t i o n  
lymg   on   co r ruga ted   ca rdboa rd  box m a t e r l a l .  

a .  Panel  No. 1- Panel  No. 1, Flg. 17, was p repa red  t o  
d e t e r m l n e t h e   d e p t h   o f   p e n e t r n t l o n   o f   a n y   t e s t   d e v l c e .  It  

pane l  No 1, t h e  two f a c l n g   s h e e t s  f l rs t  were  assembled t o  
1 s  cons t ruc t ed  o f  a l c l a d  alumlnum a l l o y .  I n  c o n s t r u c t l n g  

t h e  r lbs.  Bond ing   ma te r i a l   app l l ed   t o  a l l  the s u r f a c e  
of   the   top  facing shee t   excep t  In t h e   v o l d  areas, t h e n  a 

down. On panel  No. 1, t h e   v l s i b l e   p a r t  of t h e  f l r s t  cover-  
s h e e t   c o v e r m g   t h e   e n t l r e   a r e a  o f  t h e   f a c l n g   s h e e t  was l a l d  

Lng s h e e t  1s marked s t e p  1. Succeeding shee t s ,   e ach  1 1/2 
l n c h e s   s h o r t e r   t h a n  I t s  predecessor ,   were  wel l   bonded  to   the 
next   lower   shee t  s o  as t o  form a s e r l e s   o f   s t e p s  or l n c r e -  
rnents   of   .018-~nch  thlckness  of me ta l   p lus   t he   t h l ckness   o f  
t he   bond lng   ma te r l a l .  
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r cad lngs .  Tlie h l g h e r   t h e  readlng,  t h e  poore r  t h e  bonding o r  
The numbers  on  panel No 1 I n  Flg. 17 a r e  t h e  Flawmeter 

solLdLty or t h e  s t r u c t u r e .   N o t e   t h e   h o r l z o n t a l  row O F  
f l e u r e s  on s t e p  1. The r e a d l n g s   o v e r   t h e   h o l l o w   s t r u c t u r e  
are much h ighe r  t h a n   t h e  two readlngs  over t h e  r lbs.  The 

m e t e r   m d l c a t e s  a l ack  of s o l s d l t y   c a u s e d  by the   edge  o f  
uppe r   ho r l zon ta l  row of f l g u r e s  on s t e p  8 shows t h a t   t h e  

t h e   s t r u c t u r e .  The d o t t e d   o u t l l n e s   c l e a r l y   m d l c a t e   a c t u a l  
v o i d   a r e a s  1n the   bondlng   benea th   s tep  1. 

Undoubtedly,   the  bondlng  rnaterlal   f lowed u n d e r  
p re s su re ,  departing from t h e   p l a n n e d   p o s l t l o n s  shown by   t he  
solld o u t l l n e s  The r e s u l t s  shown on Flg. 17 m d l c a t e  t h a t  

thickness o f  SIX or seven   l aye r s  of .Ols-inch  alumlnum  and 
the   l lgh t   t applng   exper lmenta l   F lawmeter  1s l l m l t e d   t o  a 

bondlng   mater la l .  

b .   Pane l  No. 2 ( F l g .  18 ) :  T e s t   p a n e l  No. 2 was 
c o n s t r u c t e d   t h e  same as panel  No. 1 w l t h   t h r e e   e x c e p t l o n s :  

__ 
t h e  rlbs o f  t h e   b a s e   e r e - p a r a l l e l   w l t h   t h e   s t e p s ,   t h e   m a t e -  
r i a l  of t h e   t e s t   p a n e l  IS stainless s t ee l ,   and   adhes lve  
t a p e  was used. O r l g m a l l y ,   t h e   t e s t   p a n e l   h a d   e l g h t   s t e p s ,  
b u t   t h e  eighth s t e p  was r l p p e d  off dur lng  the fsrst phase 
of t h l s   p r o J e c t .  The d o t t e d   o u t l s n e  shows t h e   t r u e   a r e a s  
of  poor  bond. The adhes lve   t ape   could  n o t  have  flown or 
changed  pos l t lon   dur lng   cons t ruc tLon,   therefore ,   abnormal -  
i t l e s ,  namely,   the   readlng or 4 I n   t h e   u p p e r   r l g h t - h a n d  
co rne r  of t h e   u p p e r   d o t t e d   o u t l l n e ,   t h e   r e a d l n g  o f  9 I n  t h e  

two readlngs  of 4 I n   t h e  c e n t e r  o f  s t e p  4,  a l l  may be due 
lower  r lght-hand co rne r  o f  t h e  lower   do t ted  o u t l l n e ,  and  the 

to   poor   bondmg  be tween  s teps   and   ou ts lde  o f  t h e   l n t e n d e d  
vold  areas. The Flawmeter 1.~111 n o t   d i f f e r e n t l a t e  Ln depth 
of   loca tson  o f  a poor bond o r  v o l d   I n   m u l t ~ l a m ~ . n a t e  
s t r u c t u r e s ,   b u t  I t  w111 d e t e c t  a vold .  

All of t he   fo l lovnng   pane l s ,  Nos 3 t o  7, inclusive, 
were tes ted w l t h  a 120-ohm shunt   on  the  meter  t o  reduce 
s e n s l t i v i t y  

brought ou t  I n   t h e   r e a d l n g s  on t h e   s t e e l   p a n e l ,  No. 3 ,  a r e  
t h e  10 p lus  readings ,   meanlng   of f - sca le ,   ob ta lned   over   the  
hol low  box   s t ruc ture  as compared t o  the low readLngs Of 2 
over well-bonded r l b  p a r t s .  Tne rec tangles   marked  on t h e  
pane l  show t h e   a r e a s  o f  In tended  vold, no  bond  conditlon. 
N o t e   t h e   l n t r u s l o n  o f  t he   bond lng   ma te r l a l   l n to   t he   l ower  
end of t h e   l e f t - h a n d   v e r t l c a l   r e c t a n g l e ,   r e s u l t m g   I n   t h e  
2 .5  readlng  below  the 9. Fur the r ,   t he   r ead lngs  of 10 o v e r  
t h e   l e f t - h a n d   v e r t i c a l   r e c t a n g u l a r   v o l d   a r e a   a g r e e   w l t h   t h e  

c .   Pane l  No. 3 (FIE; 1 9 ) .  The m t e r e s t l n g   p O l n t S  
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same complete   lack  of   bond  as  1 s  i n d i c a t e d   b y   t h e  10 p l u s  
r ead ings   ove r   t he   ho l low  box   pa r t   o f   t he   s t ruc tu re .  

construction as pane l  No. 3 except  t h a t  i t  i s  of 24S-T3 
aluminum. Again, the  Flawmeter indicates the  open  box 
s t r u c t u r e  by r ead lng  10 p l u s ,  o r  o f f - s c a l e ,   a t   t h e   f o u r  
p o l n t s   b e t w e e n   t h e   r i b s .  Two unplanned  void locations over  
t h e  r i b s  are o u t l l n e d   I n   d o t s .  The p l u s  mark b e f o r e   t h e  
upper   r lght-hand  2 .5 ,  and b e f o r e   t h e   r l g h t - h a n d  10 p l u s ,  are 
p o s i t i o n  marks   used   for   good  and   bad   re ference   durmg  the  
development  of  the  Flawmeter. 

d .   Panel  No. '4 ( F l g .  2 0 ) :  Th l s   pane l  IS o f   t h e  same 

e .   Pane l  No. 5 ( F i g .   2 1 ) .  T h i s  24S-T3 aluminum, 
honeycomb sandwlch  panel was used more t h a n   t h e   o t h e r   p a n e l s  
i n  deve lopmg t h e  Flawmeter. TIf '  I n t ended   vo ld   a r eas   o f  

p ing .  The s l n g l e   t a p   s o u n d   p i c t u r e s  A and E of F i g .  4 were 
c i r c l e ,   squa re ,   and  tee were de le rmmed   eas i ly   by   co in   t ap -  

t a k e n   w i t h   t h e   t a p p e r   s t r i k l n g  t h e  spot  marked X below  the 
squa re   and   t he   p lus   In  t h e  Square ,   respec t ive ly .  

f lowing   of   the   bonding   mater la l .  The a c t u a l   v o i d  i s  i n  t h e  
The In t ended   vo ld   i n   t he   t ee - shape   su f f e red   f rom 

d o t t e d  area. T h i s   a r e a  was p robed   f rom  the   l e f t   edge   w i th  
a very   th in   and   nar row  p iece   o f   meta l .  A small b l i s t e r  I n  
the  bonding 1 s  n o t e d   a t  t h e  r ead ing  5 nea r   t he   bo t tom  o f  
t h e   t e e .  

e a r l i e r   m e c h a n i c a l   t a p p e r s  s o  t h a t   t h e   f a c i n g  metal has   been 
d r iven  down a g a i n s t   t h e   c o r e  material. The d o t t e d   e x t e n s i o n  
o f   t h e   l o w e r   l e f t   c o r n e r  of t h e   s q u a r e  area i s  an  unintended 
vo id ,  

The c i r c u l a r   a r e a  was badly  dented  by some o f   t he  

f .  Panel  No. 6 (F ig .   22)  : Panel  No. 6 1 s  a 24S-T3 
aluminum box  s t ruc ture   bonded   to  a heavy 24S-T3 aluminum 
spar .   F lawmeter   read ings   over  the  open   box   s t ruc ture  are 
10 p l u s  as a r e   t h e   v o l d   a r e a s   o v e r   t h e   r l b s .  The extreme 

f o r  the 10 p lus ,   ove r  a b l i s t e r  above t h e  tee-shaped void .  
l e f t  v e r t l c a l  column o f  r ead lngs  show an e d g e   e f f e c t ,  except  

The tee-shaped  intended  void  shows  f lowing  of   the  bonding 
material. Compare the   edge   r eadmgs  w l t h  the   r ead ings   o f  
1 over   t he  web o f  t h e   s p a r .  

aluminum b o x   s t r u c t u r e  w i t h  the 24s-'PY aluminum f a c e   D l a t e s  
g .  P a n e l  No. 7 (F ig .   23 ) :   Pane l  No. 7 1s a 24S-T3 

bonded t o   t h e  lnside of t h e  s p a r   f l a n g e s .  The l e f t - h a n d  
s p a r  i s  l /h- inch-thick 24S-T3 alummum and   t he   r l gh t -hand  
s p a r  i s  1/16-inch-thick s teel .  Void   a reas   were   mtended  



under   bo th   spars ,   however ,   the   conf lgura t lon  of t h e  
F l a w m e t e r ,   m v o l v l n g   t h e   r e l a t i o n  of wheel   t rack   to   wheel -  
foo t   spac lng ,   would   no t   per rn l t   read lngs   to  be obta lned   over  

planned  vold  area  under  t h e  alumlnum s p a r  seem t o  l n d l c a t e  
t h e   n a r r o w   s t e e l  spar. The readlngs  of 2 and 3 o v e r   t h e  

be c l a s s e d   p r o p e r l y  as doub t fu l .  The bonding o f  t h e  r l b s  
t h e   e x l s t e n c e  o f  a void  a rea   t h3dgh  t h l s   l n d i c a t l o n   s h o u l d  

t o   t h e   u p p e r   f a c e   s h e e t  i s  much worse than  was In tended .  

h .  T a l l  Rotor   Test  ( F l g s .  24 and 25). The s e c t l o n  of 
aluminum honeycomb sandwich t a l l  r o t o r  shown In  Flgs  24 and 
25 was found t o  have a poor bond or void  condl t lon-where i t  

bondmg shown I n   F l g .  24.  F1gUi-e 25 illustrates t h e   I n -  
i s  marked.  Note  the  readlng  of  the  meter  over  the  good 

c r e a s e d   r e a d m g  on the   F lawmeter   ob ta lned   over   the   vo ld  or 
poor  bond a rea .   F igu re  26 shows the   appearance   and   lack   of  
bondme  between  the  face  sheet  and  the  alumlnum honeycomb. 
The edge was s l o t t e d  w l t h  a ~ e ~ e l e r ' s  saw and  the   face  
shee t   tu rned   back  

GENERAL SPECIFICATIONS ______ 

Blade B o n - p  
a .  Devlce for Nondes t ruc t ive   Tes t lng  o f  I-lellcopter 

s t o f t h r e e  Darts assembled  together .  Dart No. 1. a 
~ ~- 

prec l s lon   t app ln ;   dev lce ,   pa r t  No. 2,  a h igh iy   d l r ec t l ; e  
mlcrophone,  and  part No. 3 ,  a sound analyzing c l r c u l t ,   w s t h  
l n d i c a t l n g   m e t e r .  

on a s t e e l r e e d ,   t h e   r e e d   t o   b e   m e c h a n i c a l l y   t u n e d   t o   t h e  
Part  No. 1: A s u l t a b l e  hammer should  be mounted 

requlrcd  f requency  and  dr lven  by a temperature-compensated, 
p r e c l s l o n ,   e l e c t r o n l c   c . L r c u l t ,   s u c h  as a r n u l t l n b r a t o r  and 
a m p l l f l e r  The frequency or speed of t a p p m g  IS t o  be  de- 

For 11.ghL m e t a l   s t r u c t u r e s ,  lt should  be approxlmately  125 
te rmmed by tllc  decay time of the ind lv rdua l   t ap   sound .  

t a p s   p e r   s e c o n d .  

over  t l le frequencyrange Q,OOO down t o  500 c y c l e s   p e r  
second. It should  be of small p h y s l c a l   s l z e   a n d   h l g h l y  

up the   t ap   sound  and   exc lude   ex t raneous   no lse .  
d l r e c t l v e  i n  plckup,   capable  o f  be ing  mounted s o  as t o   p l c k  

P a r t  No. 2 :  A mlcrophone   havmg  an   ou tput   f la t  

t e m p e r a t u r e - c o m p x a t e d  amplrfler t o  r a i s e   t h e   o u t p u t   l e v e l  
P a r t  No. 3 :  A s u l t a b l e ,  small, e l e c t r o n l c ,  

of the  mlcrophone t o  a d e s y r a b l e   l e v e l   s h o u l d  be p r o n d e d .  
The a m p l i f l e r  1s t o  be s e l f - l l m l t l n g  or f e e d  a s u i t a b l e  
l iml tmg c i r c u l t .  The 1Smlted  output 1s t o  b e   f e d   t o   e l t h e r  



a d i r ec t - f r equency  cornparlson c l r c u i t  o r  a s u l t a b l e   c o u n t i n g  
c l r c u l t .  The output   o f   the   f requency  comparison or count lng 

meter  should  be sirnllar t o  a small-size 0-1 milliampere 
c l r c u l t  is t o  f e e d  a n   l n d i c a t l n g   v o l t m e t e r   c l r c u i t .  The 

meter .  
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OBSERVATIONS 

bond   cond i t ions   no t   d i sce rn ib l e  by c o i n   t a p p i n g   b u t   a l s o  
has a d i s t l n c t   a d v a n t a g e   o v e r   t h e   f a r  more  complicated  super- 
son ic  t e s t  methods i n  t h a t  the   F lawmeter   g ives   sca la r   va lues  
p r o p o r t i o n a t e   t o   t h e   d e g r e e  o f  departure  from  good  bond 
c o n d i t i o n s .  

1. The experimental   Flawmeter   not   only  reveals   poor  

an  experimental  model  Flawmeter  opens up a number of pos-  
2.  The a n a l y s i s  of tap  sounds  and  the  development of  

s ible   developments  i n  a d d i t i o n   t o   f u r t h e r   e x p a n s i o n  of the 
b a s i c   p r i n c i p l e s  of the  Flawmeter. 

wouad i n d i c a t e   t h e   t y p e  of  c i r c u i t r y   n e e d e d   t o   g i v e  
l n d i c a t i o n  o f  immenent f a i l u r e  or over load   cond i t ions .  

3. Sound a n a l y s i s   o f   s u c h   t h i n g s  as gear -box   no ises  

t o  count sound  pulses  a l s o  may be  employed t o   c o u n t   s t r a i n s  
4. The count ing  c i r c u i t r y  employed i n  t he  Flawmeter 

i n   s u c h   s t r u c t u r e s  as ro tor   b lades ,   wings ,   and   o ther  a i r -  
c r a f t   p a r t s .  The counts  may be t o t a l i z e d   i n   e x t r e m e l y  
small magnetic memory dev ices ,  w i th  a v a i l a b l e   r e a d - o u t  a t  
any time, such as p e r i o d i c   i n s p e c t l o n s ,  w i th  no d i s t u r b a n c e  
of the  t o t a l .  The en t i r e   dev ice   cou ld   be   o f   ve ry  small 
p r o p o r t i o n s .  

5. Expansion of t he   bas i c   p r inc lp l e s   o f   t he   F l awmete r  
may b e   u s e d   t o   i n s p e c t   w e l d e d   s t e e l   p r o p e l l e r s ,   s t o r a g e  
vesse l s ,   and   o the r   c lo sed  metal dev ices .  The speed o f  
t a p p i n g   a n d   i n t e r p r e t i n g   c i r c u i t r y  will be determined  by 
the   t ype  of t a p  sound i n h e r e n t   t o   t h e   a r t i c l e   b e i n g   t e s t e d .  

RECOMMENDATIONS 

means t o  measure the f o r c e  of the hammer blow  and t h e   r e -  

b e i n g   t e s t e d .  The c i r c u i t r y  will need  to  be  refined,  temr 
l a t i o n  of  t he  s t r e n g t h  o f  t h e  blow t o  t he  type  of s t r u c t u r e  

p e r a t u r e   s t a b i l i z e d ,   a n d   a d a p t e d   t o   s u i t   b e s t  the  p a r t i c u l a r  

by u s m g   t h e   d i r e c t - f r e q u e n c y   d i f f e r e n c e   m e t h o d ;   o t h e r  
s t r u c t u r e   b e i n g  tested.  Some s t r u c t u r e s  may be tes ted b e s t  

s t r u c t u r e s  may b e   s u i t e d   t o  a t o t a l   c o u n t   s y s t e m .  

Further   development  of the  Flawmeter   should  include 
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TEST PANELS 

T a s k  No 59- 214 I FIG. I 



SINGLE TAPPER 

TJSk N3 59-214 I FIG. 2 



I WIRING DIAGRA 

I 

-i 

FOR  THE ELECTRONICALLY M 
CONTROLLED SINGLE-TAP  DEVICE 

I FIG. 3 



A 

SOUND DIFFE$NCE 
GOOD AND PO0 BOND 



B- IMPROVED REED TAPPER 

REED-TYPE TAPPING DEVICE 



DRIVING PULSE 

PRECISION DRIVE AND SOUP JD REPRODUCTION 

I Task NO 59-214 I FIG. 6 
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Task No 59-214 I FIG. 7 
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INTEGRATING CIRCUITRY 

Task No 5 9 -  214 I FIG. 8 



SOUND WAVE AT POINT A ,  FIG 8 SOUND WAVE  AT POINT 8, FIG 8 

ACTION OF THE CIRCUIT 
ON THE SOUND WAVE 

t Task NO 59-214 I FIG. 9 
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GOOD, POOR AND BAD 
BOND S C A L E   R E A D I N G S  

T a s k  N o  5 9 - 2 1 4  I FIG. IO 
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CIRCUITRY FOR DIRECT 
FREQUENCY COMPARISON 

Task No 59- 214 I 
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FIG. I I 



MICROPHONE AND MOUNTING 

Task N o  59-214 I FIG. 12 



MICROPHONE AND MOUNTING 

Task No 59-2141  FIG. 13 



EXPERIMENTAL  ASSEMBLY 
FLAWMETER 



AMPLIFIER - METER DRIVE MULTIVIBRATOR HAMMER DRIVER 

ACTUAL SIZE 

4-CK722 

2-1N38f' 

TOP VIEW BOTTOM VIEW 

ACTUAL SIZE 

2~ 270 

t 

tr - - 
.. 

CK-722 

TOP VIEW  BOTTOM VIEW 

L 

MICROPHONE TELEX + 12v- I I 

ELECTRONIC AS 
OF THE 



C O M B I N A T I O N   B A T T E R Y  
AND  CARRYING  CASE 

L. 

Task No 5 9 - 2 1 4  I F k.  16 



STEPS 

RIBS 

SPAR: 2" x 1" x l/e" x 12" 

AISI a 0 1 5  - 20 CHANNEL 
UT. 1.59 LB. 
1 - REQUIREP 

RIBS: 

FACINQ: 

ADHESIVE: 

3 - 12" x 12" 
1 - 10.5" x 12" 

1 - 4.5" x 12" 
1 - 3" x 12" 
1 - 1 . 5  $ 12"' 

PLASTOLOCK 601 

* INEL 

I 



SPAR: 2" x 1" x 1/8" x 12"  
WT. 1.59 LB. 
AIS1 Cl015 - 20 CHANNEL 
1 - REQUIRED 

RIBS : 2" X 1/2" X .016" X 11" 
24S-T3 ALCLAD FORMED CHANK 
5 - REQUIRED 

FACING: .018 STAINLESS TYPE 302  
NO. REQUIRED 

3 - 12"  x 1 2 "  
i - 10.5" x 12"  
1 - 9" x 12"  
1 - 7.5" x 12" 
1 - 6" X 12" 
1 - 4.5" x 12" 
1 - 3 " - x  12"  
1 - 1.5'1 x 1 2 "  

ADHESIVE:  FM-47  TAPE 



SPAR: 2" x i I t  x 1/8" x 12" 
AIS1 Cl015 - 20 CHANNEL 

1 - REQUIRED 
WT. 1.59 LE. ~ 

I 

RIBS : 2" x 1/2" x .Ol6" x 11" I 
I 

24S-T3 ALCLAD F O e D  CHANNEL 1 
5 - REQUIRED 

I 

FACING : . 0 1 8 ~ ~  STAINLESS TYPE 302 
MIL - S - 5059 
2 - 12" X 12" REQUIRED 

ADHESIVE: FM-47 TAPE 

TESTS ON PANE c N0.3 



SPAR: 

RIBS : 

F A C I N G :  

AD€ESlX3: 

2" x 1" x 1/8" x 12" 
WT. 1.59 LB. 
AIS1 Cl015 - 20 CHANNEL 
1 - REQUIRED 

2" x 1/2" x .016" x 1111 

5 - REQUIRED 24S-T3 ALCLAD FORMED CHAN 

12" x 12" x .016~' 
24S-T1 ALCLAD SHEET 
2 - REQUIRED 

NARMCO METLEOND 4021 
S K I N  TO RIBS AND S K I N  TO 

SL 

3ANNEL 

. 
NATIONAL  .hVlATION 

FACILITIES EXPERIMENTAL C E N T E R  
A T L A N T I C  C I T Y ,  N J  

TESTS ON PAWEL NO. 4 

Task No. 59- 214 I IFk. 20 



SPAR: 

RIBS : 

FACINO: 

ADHESIVE: 

2" X 2" X 1/4" X 12" 

WT. 1.667 LB. 62546  ALCOA NO. 892 

1 - REQUIRED 

10" x 12" x 2" 
ALUMINUM HONEYCOMB 3/8" CI 
1 - REQUIRED 

12" X 12" X .016" 
24S-T3 ALCLAD SHEET 
2 - REQUIRED 

HONEYCOMB TO FACING, 3 LA3 
SCOTCHWELD 585; FACING TO 
CHANNEL, 1 LAYER  SCOTCHWE1 
AF-6 BONDING FILM 

L 

RS 



SPAR: 

RIBS : 

FACING: 

ADHESIVE : 

2" x 2" x 1A'I x 12" 
629-6  *OA NO. 892 
W. 1.667 IB. 
1 - REQUIRED 

2" x 1/2'1 x . O l 6 "  x 10" 
24S-T3 ALCLAD FORPIED C m  
5 - REQUIRED 

12" X 12" X .016" 
24S-T3 ALCLAD SHEET 
2 - REQUIRED 

2 OR 3 LAYERS SCOTCHWELD 9 

TESTS ON PA L N0.6 T 



SPAR: 

RIBSI 

FACINQ: 

ADHESIVE: 

211 x 2" x 1A" x 12" 
62S-'16 ~ 6 A  NO. 892 WT. 1.667 IB. CHANNEL 
1 - REQUIRED 
SEE SPEC. 
2" x 1" x 1/8" x 12" 
A I S 1  Cl015 - 20 C- 
WTsT. 1.59 LB- 
1 - REQUIRED 

2" x 1/2tt x .050n x 12" 
24S-T3 ALCLAD C m  
3 - REQJJ'IRED 

12" x 12'1 x .o32lt 
24S-T3 ALCLAD SHEET 
2 - REemREI, 

P W T O W C K  601 

TESTS ON PANE!L N0.7 



ACTUAL GOOD  BOND  READING 

Task No 59-2141 FIG.24 



L 

A C T U A L   B A D   B O N D   R E A D I N G  

Task  No 59 -214  I FIG.25 



PROOF OF FLAWMETER READING 

Task No 5 9 - 2 1 4  I FIG. 26 
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