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SOME METHODS FOR INSPECTING 
ADHESIVE-BONDED J O I N T S  IN 
HELICOPTER ROTOR BLADES 

s m r  

A study  of  seven  types  of  nondestructive  methods  for inspecting 
adheslve-bonded  joints was made to determine  if any of  these  showed  prormse for 

A review  of  research  reported by other  agencies  on  the  problem  of  adhesive-Joint 
application  to  field  Inspection of adhesive-bonded  metal  helicopter  rotor  blades. 

lnspection  showed  that  lap  joints and core-to-facmng  joints  in  sandwich 
construction  could  be  inspected. 

Seven  inspection  methods  were  tested  on  samples  representing  the 
various  types  of Weslve jomts used m metal  hellcopter  blades. No slngle 

variety and complexity  of  structure  of  metal  blades  reduces  the  probability of 
device  could  detect  all  voids  In all types  of  blades  encountered.  Further,  the 

developing a single  relatively s m l e  inspection  devlce  which will detect all 
voids m a l l  types of blades. 

The  STUB-meter,  at  present,  can  be  used to detect  voids,  as  well  as 
other  defects, in the  upper  three  to  flve  adhesive  layers,  but 1 s  best  sulted 
for  inspect-  single  lap-joints  and  sandwich  construction.  The  STUB-meter 
st111 1s a laboratory instrument. 

The  tapping  test  is  the  slmplest  test  available a@, under  favorable 
conditions,  can  be  used  successfully to detect many of the  voids ~n the  upper- 
most  adhesive  layers. Tappmg tests  axe,  at  present,  lirmted  to  mterpretation 
by the  human  ear. 

INlRODUCTION 

inspection  of  the  completed  bonds  became a difficult problem  for  the  manufas- 
turer  and  user.  Uncertainty  atout  the  airworthmess of blades  which  develop 
voids in service  has  prompted  periodlc  inspection  to elmmate blades  after  the 

had been  devised  for  the  nondestructlve  inspection of  the  complicated  joints 
voids  have  developed  to a certain  size.  Prior  to 1955, no  satlsfactory  method 

found in rotor  blades. 

With  the  advent  of  adhesive-bonded  metal  helicopter  rotor  blades, 

dCbee programs for developing  or  applying  instruments  for  nondestructlve 
testing of bonds  have  resulted  in  the  use  of  ultrasonic  flaw-detection  equipment. 
Final mapeetion and, in  particular,  field  maintenance  mspection,  rely  on 
surface  evidence and s-le tapping  tests. 

A review was made  of  the work done  by  other  agencies m developing 
methods  for  inspecting  adhesive-bonded  joints  for  volds.  Portlons of several 
wtor blades  representing  the  principal  types m current  use  weye  exslnined  by 
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present  nondestructive  inspection methcds The llrmtations of these methods for 
inspectug larmnated and sandach constructlon  are  discussed. 

Development Center (TDC) 15 undertakulg  a  three-phase program t o  develop a non- 
destructive  field-maintenance-type  devlce  or  devlces WfLlch can detect volds i n  
helicopter blade bondmg. The flrst phase of t h i s  program. was t o  determine the 
degree of feasibi l i ty  of  developing such a  device; durmg the second phase, specl- 
fications will be written, while the thlrd phase will involve development of a 
prototype. T h i s  report covers the  results  obtained  TI the first phase of the 

Under contract with the Department  of the AJTI&, the CAA Technical 

progrsm. 

TYPES OF BONDED JOINTS 

Four manufacturers have developed metal  blades f o r  use on particular 
helicopters. Whrsle the  various  blades produced by a smgle  blade manufacturer 
may be constructed  smilarly,  the  blades from other  manufacturers  usually  differ 
i n  construction  details. To show these  details,  oblique views of sections of 
s i x  rotor  blades  are shorn in  Figs. 1 t o  6, Fnclusive. Whde several  other 
blades have been made, these views illustrate  the  prlncipal  types of bonded 
J O V ~ ~ S  used in  constructing  rotor  blades. 

physlcal dlmensions and detai ls  of construction of the  partlcular  joint  inspected. 
Since one blade may utilize  several  types of J o l t s ,  a l ist  of the  various  types 
follovs . 

The success of a  nondestruct~ve  inspection method may depend on the 

1 

1. Bilaounate Joints.  

a. Bilaminate  sheets of the same materlal and thickness - two- 
layer  skins. 

b.  Bilaminate Joints of different  materials  or alloy5 and dlfferent 
thicknesses - s k u  t o  spar, skin t o  ribs or trallmg-edge  lnserts 
or strips, cuff attachment plate t o  spar- 

2.  Multlple Laminate Joints. 

a. Multiple  lauunates of sirmlar  metals or a l l o y s  of the same order 
of thiclmess - built-up  spar  sections and doublers. 

b. Bonded contoured plate used internally and plate bonded t o  a  stack 
of external  doublers. 

3. Sandmch Construction. 

a. Skins of sheet or contoured plate bonded t o  honeycomb sandwich. 

Thickmesa of material: 
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1. MinFnauu thickness of ssee ts  used a; sMns or f a c m g s  i n  metal rotor 
blade af t  sectlons is 0,012-mc.3 al-aumum, 9Te 2024 o r  6061, or 0.0W-lnch 
s t a in l e s s   s t ee l .  

i s  0.015-inch aluminum, Type  2024 or 6061, o r  O . O O g - m &  s t a in l e s s   s t ee l .  
2. Muimun thickness of sheets used i n  doublers and multiple layer facmgs 

blades  are: 
Three  representatlve  adheslves  used  ~.n  the  prcductlon of metal   rotor 

2. Nltrile  rubber-phenollc  resin, such as Plas t l lock  601, Be F. Goodrich Coo 
1. Vmyl-phenolic  resm,  such as EM 47, Blooaungdale Rubber Coo 

3.  Phenolic-acrylonltrile  blend, such as Metabond 4021, Narmco, Inc. 

The external  plates  used  to  adapt  the  root end of the   b lade   to   the  
blade  fork,  blade  grip, or cuff have thlcknesses up t o  O"75-mch or 1.0-lnch. Vp 
t o  15 Type 2024 aluminum doublers Oo0p.-ln& t h c k   a r e  used tQ strengthen  the 
root end and adapt   the  thickness   to  flt t he   h l ade   a t t achen t .  One manufacturer 
u t i l i z e s  0.0088-lnch s ta in less   s tee l   sbee t  t o  constmct: m e  nose section,  facing 

these   bu l t -up   b lades .  
sheets, and doubler  pads. Up t o  19 s t amless   s t ee l   shee t s  may be  used t o  construct 

VOIDS IN ROTOR BLADES - LOCATION AND FORMATION 

Adhesive joints  vary  widely i n  strength The manufacturers of a i r c r a f t  
components have attempted t o  llmt the   s t rength   vana t ion  by quality  control  pro- 
gram. From these programs and from the work of research  organzzatlons, a aomen- 
clature   descr ibing  the  types of jomnt defects  has been  developed  Defects i n  

undercurlug,  thick  glue l ines ,   l ack  of pressure durlng bondlng, or lmproper 
adhesive  joints may be caused  by contamination, s tanmt lon ,   poros l ty ,   overcwig ,  

venting of t h e   v o l a t i l e  Ingredients  of  the  adhesive. 

there  i s  no bond of  the  metal  surfaces, one to   t he   o the r .  The preblem  of e l k -  
&ing aY detec tab le   b l l s te rs  and volds from large bonded assemblies such as 
hel icopter   rotor   blades has not  been  solved.  Therefore,  eertaln  volds  are  tol- 
erated in  the  productlon of rotor  blades.  The 6128) number, and locat ion of voids 
in an acceptable  blade  are  llrmted  by agreement  between the  manufacturer and the 
c e r t l f y h g  agency. 

The term  "vold" r e fe r s   t o   a r eas  between adJacent metal surfaces  wherein 

Each type of metal  blade may have characteristic locat lons where voids 
may be  ant ic ipated  during  the  service  l i fe  of t he  blade. These locat ions  are   the 
r e s u l t  of concentrated  operational  stresses,   particularly where sheets or p la t e s  

c u e s  where the   a i r fo i l   sec t ion   cons is t s  of c e l l s  whose walls a re  bonded t o  a 
are bonded t o  the  outs ide of t he  main a l r fo l l  sectaon of the  blade,  In other  

nose spar (see  Fig. l), voids have  developed In the bond between t h e   c e l l  walls 

not  hterconnected  by means of a s t r l p   m s e r t  at t h e   t r a l l i n g  edge of  the  blade.  
and the  spar  as at  point lB of Flg. 1, pext lcu lar ly   for   r3ose   ce l l s  which are 

Facing or shin sheets  occasionally  separate from suppartang rlbs. All j o ln t s J  
sp l ices ,  and changes LU sect ion are mewed dit$ susplclon.  Manufacturers 
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look upon  swndwich constructlon m t h  some f,-vor because oi' the  eontinuty of the 
facing  support provlded in  the  aft   seetion of the blade. 

NONDB'H(UGTIR3 BOM) Il'JSPECTION 
PRESENT IG3THOD2 OF 

While  most  of the methods  have been used for  inspecting sandwich construction, 
several have  been used for  inspecting  other  types of  bonded Jolnts a lso .  Amang 
the final production and field-maintenance  lnspeetion methods In present-day 
use w e :  

Several  organizations have worked  on methods  of  bonded Joint  inspection- 

1. Tagpbg. 
2 .  Visual inspection. 
3 .  Use  of a feeler gage. 
4. SW-meter. 

Other methods using ultrasonic  techniques which  have been used experbentally  are: 

6. -ugh-transmission methd. 
5. Reflected pulse method. 

considered for bond mspection. 

Description of kthods. 

I n  addition  to  the foregolng, X-ray and dye-penetrant methods  have been 

The first three methods are wed for  field  mspection of rotor  blades. 
Tapping or otherwise vibrating  the  surface of the pa& bemg  inspected  with  coins, 
small l igh t  hammers, or by means of e lectr ical ly  operated  tappers or buzzers  has 
been found t o  be  the most satisfactory of the slmple methods for finding  voids. 
See bibliography. 

upon the changes in  the  quality of the sound produced by l ight ly  tapping  the sur- 
Tapping, the most vldely used of the simgler  Inspection methods, re l ies  

hol lw,  dead sound compared n t h  the sound produced by tapping a well-bonded area* 
face of the  part being  inspected. The sound  produced  by tapping over volds is a 

the  results of the  test . .   In tapping,  the  type of construction must be consldered. 
As stated  previously,  the  structural  details of the p a r t  directly  affect  

Unsupported facings will display the s m e  sound quality  as a wid. Voids along 
chordwise and spanwise r lbs  under a single  faclng  sheet can be detected by tap- 
pinp. A definite ring will be heard over the maJor structural elements of" the 
blade *ere the  facing i s  well bonded. 

cracks Over the  free edge of joints,  loose  faclngsaai  blisters, or  other signs 
Careful  visual  inspection of the  rotor blade is  made to  detect  paint 

of bond failure.  The paint over the  free edge of an adhesive jolnt  usually 
cracks ?&en the  joint beneath the  paint falls. A swtlon cup or  soft pencil  1s 

point of a soft lead  pencll i s  rubbed over loose  axeass a slight  deflection of 
used occasionally to   a s s i s t  detectLon of loose  facmgs ad bl i s te rs .  As the 
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the  facing may be  noticed. The maximum extent of the  void za d i f f i c u l t   t o  

may be  used to   de t ec t   b l i s t e r s  by ving  the  facing under the  attached  cup. As 
determine by t h i s  method and ~t applies  only t o  thin  %acin@, A suction cup 

with  the  pencil-rubbing method, only  re la t ively th in  facmgs and la rge   b l i s te rs  
can  be inspected  successfully by the  suction-cup method. OccaaionalPy, a speeiaf 

with a tape-supported  adhesive,  the  ression of the  Piberglas  tape sbawing 
construction  feature w i l l  assist visual  inspection. Tn the  case of one b l a d e  

s t i f f ene r s   i n   t he   a f t   s ec t ion  of the  blade. Where there was no adhesion,  this 
through  the  0.009-inch  stainless steel facing  could be  seen  over the supporting 

impression  disappeared.  See  Fig. 7 .  

A fee le r  gage or short  length 0% shim stock has been used t o  probe the 
f r e e  edge of bonds. Voids extending t o ,  o r   o r ig ina t ing   a t ,   the   f ree  edge ob a 

as t ic   use  of the   fee le r  gage  can  enlarge  the  void 
jo in t  may be detected,   but   a t   least  two manufacturers  report  that  overly  eqtbusi- 

A more successful method of bond inspection equipment might be classed 
loosely as "sonic." It depends on vibration mechanics or  sonic wave propagation 
for  the  detection of defects  in  %he  adhesive.  Stanford  Beeeamh  Institute. under 

veloped a method of bond inspection  based on the use  of t he i r  Model 3 Stanford 
contract  with  the  Materials  Laboratory, WrighR A i s  DevelqmeuR Center, hae de- 

Ultrasonic Bond Meter,2  or SlQB-meter 

c rys t a l  approximately 1 inch i n  diameter by 3/8-inch  in  thickness which, when 
coupled  mechanically by a fi lm of ail to  a surface,  will vibrate  that   surface  in 
a manner similar t o  a high-speed h e r  applied  with a very  short  stroke. The 
length of stroke  or  amplitude  of  the  crystal  vibrations,  although much less than 
0.001-mch, is  grea te s t   i n   f r ee   a i r  and much less when the   c rys ta l  is pressed 
against  a firm  surface. A surface  well bonded to  another w ~ f l  give a Power q l i -  

displayed on a cathode-ray oscilPoscope (CaO)  for   interpretat ion.  
tude of c rys ta l  vibration than a poorly bonded surface. The crystal   v ibrat ion is 

Brief ly ,   the  STUB-meter employs an e lectr ical ly   df iven,   v ibrat ing 

The small power and short stroke of vibration of the   crystal  are 
compensated for  In  part  by continuously sweeping the  frequency  of  vibration frm 
a lov t o  a higher  value and back t o  t h e  lower value.  over a selectable  range. 
between the  values of 100,000 and %,OOO,OOO cps. The STUB-meter has been  found 

of bonded surfaces  or  thicker  material   destroy  the  reflected  pattern by presenting 
to   g ive   resu l t s  on as many as   th ree   to   f ive   th in  bonded layers.  A greater n d e r  

of the  crystal .  
too  great a load on the   c rys ta l .  This ef fec t  is referred  to   as   the limit of range 

Another type  of  ultrasonic  device, known  conQners%alBy as t h e  
Reflectoscope or Imerscope,  also  has been used. This  equipment, which u t i l i z e s  
pulsed  hlgh-frequency  sound, has been applied  experimentally bo the  inspection of 
sandwich construction by Sperry  Products,  Inc , 3  and  North American Aviatmn, 

been reported by these  organizations.   Reflection,  refraction, and dispersion of 
h c . 4  Varying success  in  the  detection of voids i n  sandwich construction  has 

the  pulsed sound occur, depending on the  acoustic  properties of the specimen 
In  ref lected-pulse   tes t ing,  a single  search u n i t  IS used  for  transmitting and 
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receiving  the pmPBe. In  through-tranamissi~n  testing, two search  unlts  are  used, 
one %OK transmitt ing,   the other for ~ e ~ e i v i p l g   t h e   p u l s e .  

X-ray  photographs  have been used to mspect  brazed or velded sandwicit 
construction. Bovever. the succeas o f  X-ray  photographs for  lnspecting  adhesive- 
bonded construction depends on variations zn the  appearance of the  adhesive  layer 
to   indicate   defects  

Dye penetrants have been used for detecting  cracks which extend t o   t h e  
surface of metal  castinge,  forgings, and ext%us%ons.  This method can  detect  voids 
extending  to the f ree  edge of a jofnt and m y  be  used as an a id  t o  visual  
inspection. 

FXALUATIOB OF SOME WIS'EA'G HETHODS 
OF BOND MSPECTION 

Details of the  construetion of several   currently manufactured rotor 
blades vere studied t o  determine  the  po~s%bi%itg cf inspecting  each  type of bond 
used in  the  fabrication.  Inspection eqrsipnaspats that appeared t c  s h c v  p r a i s e  
were  obtained and tes ted t o  determine their usefulness an detecting  voids i n  
sample rotor  blade  sections and test panels. 

Test  Spechens ~ 

Four helicopter  blade  manufacturers  furnished  sections of P O ~ Q K  blades 
with  voids. The blade  sections  =re of the  types shown 1n Figs.  1, 2, 3 ,  and 4. 
Photographs of the  blade  sections  are e h m  in   Pigs .  8 and 9 .  A large mlti- 
laminate  spar.  Fig.  10, which had been b u i l t  up of 0 009-inch s t a in l e s s  steel 
sheets bonded with FM-47 tape,   a lso vas supplied. While these samples repre- 
sented  several  types of bonded Jo in ts  in curren t   use ,   addi t iona l   sap les  were 
needed t o  have a complete  representation  of  the  adhesives and Joints  used. 

Seven square test panels,  Figs. I I  t o  16, inclusive,  simulating  the 

a local  metal  fabricating  shop. Voids  were  secured by omitting  the prime coat 
types of bonds and adhesives  used  in  rotor  blade  construction, were obtained from 

over areas of  intended  volds and coating the  area wath a thin  f i lm of heavy 
grease. 

X-Ray Teste. 

t ransparent- to  X rays,   therefore,   there is no mdacation of the  presence  or 
the  metal l ic   par ts  of the  panels were sharply  defined,  but  the  adhesive is 

absence of voids. 

Mechanical  Tappers  and Vibrators 

S 1-inch  length of 0.250-inch  round  brass  rod  attached t o  a brass  handle by a 
4-inch  length of 0.030-inch  piano wire was used to examine both  the  blade  sections 
and the test panels. In the   tes t   panels ,  mast of the  intended  voids and several  
unintentional  voids i n  the uppermost adhesive  lay=  vere  detected. Voids beneath 
two or more sheets and voids  which were located  beneath a 0.250-inch aluminum 

X-ray photographs o f  t h e  test panels were made. In these  photographs, 

A tapper  obtained from Convair, San Diego, Calif..  vhich  consasted of 
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chansar and a 0.075 inch  steel  channel coaL  not, however, be ident i f ied 
posi t ively,  See Bxgso 11 t5  16, inclusive,  and Table 'I for   the  resul ts  of  theae 
tests- In examining t h e  rotor  blade  seetlons,  the  volds wbich had been idenklf ie i  
prevlously and marked by the  manufacturer's  inspection  department were identif"k4 
readi ly .  

Single  adhesive  Joints  with  thin  facings, as for  example in  the  blades 
shown i n  Figs. 8 and 9 ,  were tes ted  readi ly  by the  tapping method The large 
void  areas  in  the  outer  facing sf the   l a rge   mul t i lmina te  spar section  shorn  in 
Fig. 10 were detected  easily.  

An electr ical ly   operated  tapper ,c- is thg of a solenoid  controlled by 

u i r ing  diagram a re  shown in Figs. 1 7 8  and l7B- The sound  produced by the  tapper 
a re lay ,  was constructed. A photograph sf   the   apparatus   in  use  and a schematic 

was picked up by a c rys ta l  microphone. The output of the microphone was read 
d i r ec t ly  on a Ballsntine Model 300 vacuum tube  voltmeter. Headphones connected 

Tho tapping  frequency of this system could  be  varied between 100 and 650 taps 
to  the  output of the  meter  amplifier were used to l i s t e n   t o   t h e  sounds  produced. 

per  minute by changing the  capacitor. The frequency and the  force  with which the 
tappa  s t ruck  the  surface  var ied.   mese  var ia t ions were traced to  heat ing of t h e  
coils, var ia t ions   in  power-supply voltage, and variations in  the  mechanical  action 
of the  tapper.  Consequently,  pickup mscrophone voltage was i r regular  and could 
not be correlated  positively  with  the  presence or absence of volds The use of 
the  mierophsne,  amplifier, and headphone  were less   sa t i s fac tory  khan simple 
l istening  Results of t he   t e s t s  with this tapper  are shown in F i g s .  11 t o  16. 
inclusive. 

bel l   tapper  were tested for use as vibration  murces.  The approximate  frequencies 
of these were  120, 250, and 60 cps,   respectively The microphone, meter, and 
earphones were used  with  these  vibration  sonrces and the  voltage  output of the  
microphone a l so  was observed on the  meter. When held on t he  specimen by hand, 

was exerted on its case,  This change i n  sound qual i ty  was ver l f ied  by  placing 
the qual i ty  of the sound produced by the buzzer changed as  mechanical  pressure 

the  microphone near the buzzer on the  t e s t  panel and observing  changes i n  the 
microphone voltage on a CRO. The buzzer  produced an oscil loscope  trace best 
described  as  nolse.  Voltage  amplitude changes occurred when l a t e r a l  or horizon- 
t a l  pressure ob v e r t i c a l  contack  pressure was exerted on the  buzzer  case. 

A 12-vol t   e lectr ical   v ibrator ,  a telephone  buzzer, and an e l e c t r i c a l  

S i m i l a r  t e s t s  uihh the   e lec t r ica l   be l l   t apper  and the   e l ec t r i ca l  
vibrator  indicated  that   both  units  also were 5ub~ec.t to vibration changes  caused 
by changes i n  the manner in  whach they  vere  held and by the  pressure  used  to 
contact  the  surface of the apeelmen 

Of the   th ree   un i t s ,   the   e lec t r ica l   v ibra tor  seemed the  least   d is turbed 
by manual positioning as evidenced by the  relatively  constant  amplitude and the 
regular recurrence of the  vibrations produced as  observed on the 6BO The 
vibrator  produced less surface  vibration  than the buzzer,  cpnsequently, most of 

produced  prevented the poss ib i l i ty  of correlating  void  location  wlth  the  voltage 
the   t es t ing  was done with  the buzzer even th5ugh the  x r e g u l a r i t y  of the  vibration 

output  of  the microphone. 
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t r i a l s  because  the  stroke of the  tapping rod  could  not be adjusted  easily and 
the  electromagnet  brought  the  rod toward the  surface  rather  than away from the 
surface of the test specimen. 

The use of the   e lec t r ica l   be l l   t apper  was discontinued  after a few 

Another method of findmg  voids by  means of a vibrating  device is to 
clamp the  vibrator  to  the  specmen and search  the  panel  with  the  pickup  micro- 
phone to   de tec t  changes  in  the sound  produced by the  result ing  vibration. A 
mounting was made for   the   e lec t r ica l   v lbra tor  and the  vibrator was operated  while 

phone were used to   detect  sound changes. S i m i l a r  t es t s   wi th   the  buzzer indicated 
clamped to   t he  edge of the  panel. As before,   the microphone, amplifier,  and ear- 

that  the  buzzer produced more vibration of the  surface of the  tes t   panel  than  

R e s u l t s  of the tests wlth  the  buzzer  are s h m  in  Pigs.  10 t o  1 7 ,  inclusive.  No 
did t h e  electrical   vibrator,   consequently,   the  buzzer was used for  clamped tests. 

separate tests were made with  the  buzzer us ing  only manual posit ioning  or  f ixed- 
position  operation  because  neither method was  more successful  than  simple  tapping 
in  locating  voids. 

The tes t ing  of the   e lec t r ica l   v ibra tor ,   buzzer ,  and e l ec t r i ca l   be l l  
tapper  indicated  the  following. 

1. A d r i v e r  or  vibration  source which produces a vibrat ion of  unlform 

necessary for  finding  voids by sound changes or by means of a pickup microphone 
frequency and amplitude and is not  affected  materially by contact  pressure is 

amplifier and oscil loscope  or voltmeter 

2.  The tapping test i s  most successful  in  detecting  voids  in  the uppermost 
adhesive  layer under facing  sheets  0.050-inch  thick  or  less,  or on thicker  sheets 
and plates  where the  void  extends beyond one s i d e  of the  plate .  

A portable  audio  amplifier, shown i n  F i g .  18, was constructed  to  ald 

cui t   amplif ier   requir ing a 6-volt A bat tery and a 22.5-volt B bat tery was used. 
in   the  inspect ion of blades by the  tapping method. An Ampex PC201 p r in t ed   c i r -  

TWO microphones, one of the  crystal  contact  type and the  other  of the dynamic 

spection  with mixed re su l t s .  Tu0 operators  received  material   assistance,   the 
type, were used  with  the  amplifier.  Three  operators used the  device  for  in- 

th ird  received none. 

Ultrasonic Bond Analyzer, 

s imi la r   to   the  Model 3 Stanford  Ultrasonic Bond Meter described  previously. A 
D&nt  Type 2615 oscillograph  record camcra was used to  record  the  oscilloscope 
traces.  A peek  reading  voltmeter and a probe for  curved  surfaces w e r e  con- 

photograph of the equipment i s  shown i n  Fig.  19 
s t ructed from data  contained  In  Stanford  Research  Institute  report^.^ A 

This equipment, the Duwor\t Type 2631 Ultrasonic Bond Analyzer, is 

are taken. 
In us ing  the bond analyzer  for  finding  voids,  the  following  steps 

thickness of the specimen  examined. 
1. A c rys t a l   s i ze  is selected which is sui table   for   the  outer   facing 
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2 .  The imtrument 1s adj-eed t o  dispday on the  oscilloscope  the  resonant 
t race  pat tern of the  probe which has been  found t o  be most s ens i t i ve   t o  chanp,ea 
i n  bond quality.  

3. A f i l m  of oil   or  glycerine  with a wetting  agent is applied t o  the 
specimen to  couple  the  probe t o  the  outer  facing of the   spechen .  

for  a known bond quality.  The peak-to-peak  voltage  amplitude of the  signal m y  
be measured d i r ec t ly  on the  peak-reading  voltmeter. A photograph map be made 
for   future   reference 

4. The pat tern of the  oscil loscope  trace is compared with a similar pattern 

FOP facing  sheet  thicknesses which are  within  the  total   thickness 

This would include Type 1A and 1B jo in ts  shown in  Pig.  1, and some sandwich 
range of the  crystal ,   the  apparatus i s  quite  successful  in  locating  voids.  

shown as  "3" in Fig 2. 

In addition  to  the test panels and helicopter  blade  sections,  4- by 
4-inch  sheets and p la tes  of aluminum and s t a in l e s s   s t ee l  were u t i l l zed   fo r  
studying  the  response of the  bond analyzer  to  facing  sheets  of  varying  thickness. 
Sheets of 0.020-inch, No. 2024  aluminum al loy and 0.010-inch stabless steel 
were  coupled  together  with o i l   to   s tudy   the   Inspec t ion  of multilaminate  struc- 
ture  Figure 20 shows a decrease  in  amplitude  with  an  increase  in  the number 
of sheets  in t h e  lamination. These traces  were obtained w i t h  the  oscilloscope 
record camera using a ro l l - f i lm back. The oscilloscope  patterns were traced 
d i rec t ly  from t h e  developed-roll fllm. 

The 1- by 3/8-inch  crystal  probe was used i n   a l l   t e s t s .  Although t h i s  
c rys ta l  was not  the optimum size  for  inspecting  all   facing  thicknesses,   the  range 
of this  probe, a maxi- thickness of about  0.20-inch aluminum or  0.050-inch 
steel, permits the  examination of samples  with  different  facing  thickness  without 
the  necessity of changing crys ta l s .  Within the  range of the  probe.  the equip-nt 
performed sa t i s f ac to r i ly .  Voids In test panels which were ident i f ied  by t he  use 
of the bond analyzer  are shown in  Pigs. 11 t o  1 6 ,  inclusive,  and are  las ted i n  
Table I. Bond analyzer  traces from the  test panels  are s h m   i n  Fig. 21. The 
c i rc led  numbers correspond to   t he  number of t h e  test panel. The patterns were 
photographed as  the  probe was placed  over  an  area  intended  to  be  satisfactory 
or  intended  to  be  void. The last four  traces from Panel 7 show  no apparent 

of the 1- by 3/8-inch c rys t a l ,  
difference because  the thickness of the  panel  sections was outside of the  range 

Figures 22 and 23  show  bond analyzer  traces from the  rotor  blade 
sections.  The voids  detected  in  the test panels  are marked i n  Figs. 11 bo 16, 

var ia t ioo was noted between adjacent  areas on the  various  steps.  Areas d i s -  
inclusive.  On panel No. 2 ,  a stepped,  multilaminate  panel,  trace  amplitude 

playing  large  amplitude  patterns were marked on the  top s t e p .  Later,   this  top 
sheet   or   s tep was removed w i t h  a h m r  and chisel .  While no large  voids ex- 
i s t ed  at  t h i s   s t e p ,  a weak adhesive bond corresponded  to  the  indicated  void. 

had been previously marked, were identified. 
On the  rotor  blade sect ion,  F i g .  8, t h e  voids,  with  the  exception of A,  which 
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Dye Penetrant  Inspection. 
Dye penetrant  inspection was used on tes t   panels  Nos 1, 2 ,  and 3 and 

used for dye penetrant  inspection. A c l eane r   f i r s t  was applied  to remove o i l  
on two helicopter  rotor  blade samples.  Conventional methods and materials were 

and grime from the  surface and cracks of t he  p a r t s  t o  be inspected. The colored 
dye penetrant was applied  to t h e  par t  and allowed t o  remain for  approximately 3 

and wiped clean  with a dry  rag. A white powder, dry or i n  suspension  in a 
t o  10  minutes a t  room temperature. The excess dye was treated with a ranover 

veloper  vas  stained by the dye tha t  remained in  the  cracks and crevices of the 
quick-drying  liquid known as  the  developer,  then was applied. The white  de- 

part  being  inspected,  thereby  shoving a void open to   the  surface.  

detected  previously by tapping, was detected  also by the dye penetrant IR- 
spestion method. See Fig. 24. In a multilaminate  leading edge section,  sev- 
eral   voids were noted a t  either end of the sample i n  the   th in   g lue   l ine  of 
Fbl-47 tape. Sample panel No. 3, a bllamlnate  panel, shaved  evidence  of bond 

panels, Nos. 1 and 2 ,  demonstrated  similar  results as shown i n  Figs. 25A, 
f a i l u r e   a t  several places  along  the exposed  edge of the   Jo in t .  Two additional 

25B, and 25C. 

A void  beneath  the  thin end of the  cuff  plate,  which  had been 

panel had gone undetected in a previous  tapping  test. A l l  of the  voids i n  the 
other samples  had  been detected  previously by tapping.  This method  shows some 
usefulness  for  inspecting  the  free edges of bonded joints,   such as t h e  Jo in ts  
a long  rotor   blade  t ra i l ing edges and the   jo in ts  between doublers. howevqr, the 
e f f ec t  of t he   chmica l s   i n   t he  dye penetrant on the  adhesive  used i n  the  rotor  
blade is  not known a t   p resent .  

The voids  under two exposed outer  facings of a multilaminate test 

CONCLUSIONS 

1. Tapping t e s t s  are successful  for  locatlng many voids  vhich  are  beneath 
the upper facing  sheets of 0.01-inch t o  0.02-inch  thickness  used i n  helicopter 
blades. The joints  beneath  heavier  sheets and plates   a lso may be inspected  for 
voids if the  voids  extend  to  an  edge where tapping  can  be done on the  surface 
a€ the  blade. 

2. An audio  frequency  amplifier  with  pickup microphone  and earphone,  used 
with a tapper, does assist operators in detecting  the changes in sound which are 
caused by voids. 

3. The DuHont Type 2631 Ultrasonic Bond Analyzer w a s  used successfully  in 

of laminar constructionr when the facing  sheet was not too  thick for  the  range 
detecting voids as well as other bond weaknesses i n  t he  uppermost adhesive  layers 

of the  crystal .   Multiple  Joints  consisting of 3 t o  5 sheets  of 0 009-inch 
s t a in l e s s  steel or  0.020-inch aluminum a l loy   a l so  may be inspected  in some cases, 
i f   t he   su r f ace  can be coupled t o   t h e   c r y s t a l  mechanically 
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dye penetrant method. In t h i s  l imi t ed  case, some mea may be detected which 
otherwise would escape  detection by other methods. The ef fec t  of the dye 
penetrant  chemicals on the  adhesive has not  been  determined. 

4. Voids  which extend t o  t h e   f r e e  edge of a jo in t  may,pe inspected by the  

5 .  The tests conducted indicate   the  possibi l i ty  of developing a tapper-type 

b lades .  Further  investigation of e lectr ical   tappers  and electronic   interpret ing 
f i e l d  maintenance  inspection  device  that w i l l  locate most voids  in  helicopter 

means should  lead t o  a satisfactory  device.  



TABLE I 

RESULT  OF  INSPECTION  OF TEST P A N a s  AIEl HELICOPPER BLADE SECTIONS 

I I1 I11 Iv v 

Tapping Tapper Buzzer Analyzer Penetrant 
Semple Character Mechanical 
Type of Defect 

No. 1 Bonding A,B,C A,B,C B A,B,C A 

Bond Dye 

!3 
rl (Fig 8) Separation 

ffl No 2 Bonding A,B,C B B A,B,C Not 
RJ (Fig 9) Separation 

-9 
0 al 

Tested 
1 
;I rn No 3 Blisters Vola  Areas Located Shown I n  Fig 10 

(Fig 10) and  Voids 
Voids i n  
Several 
Layers at  
Ends 
See Fig 24 
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SKIN 0016 IN 6061 ALUMINUM 

-SPONGE  RUBBER FILLER 

CUT-OUT SHOWING RIBS 
~ -- - - ~  -- 

L S P A R  0 140-0 180 IN 
2024 DRAWN ALUMINUM 

NOTES CIRCLED NUMBERS INDICATE TYPE OF  BONDED JOINTS 
3~ ses ADHESIVE 

SECTION A 

_ _  -.'AMPED ALUMINUM 

FIG.  1 RIB-SUPPORTED  CELLS BONDED TO A SPAR 



r SKIN 0 012 I N  6061 ALUMINUM 

BALANCE 

CELL  SIZE  HONEYCOMB 

SPONGE  RUBBER F ILLER 
BETWEEN  POCKETS 

CUT-OUT SHOWING HONEYCOMB 
SANDWICH AND FILLER  BETWEEN 

PHENOLIC  STRIP 
I ,  

WEIGHT - I 
arONGE  RUBBER  FILLER 
BETWEEN  POCKETS 

CUT-OUT SHOWING HONEYCOMB 
SANDWICH AND FILLER  BETWEEN , 

/ /  
RUBBER MOLD 

SPAR o 140 -0 1.90 IN 
EYTRWED  ALUMINUM 

NOTES  CIRCLE0  NUMBERS  INDICATE  TYPES OF BONDED JOINTS 
SCOTCHWELD 585 FILM  ADHESIVE FACINGS TO HONEYCOMB 
POCKET TO SPAR 
3 M  A F 6  

S E C T I O N  B 

POCKETS 

FIG. 2 C E L L S   S U P P O R T E D  BY E X P A N D E D   H E X A G O N A L   C E L L  
CORE B O N D E D  TO A S P A R  



STIFFENER 0 010 IN  

2024 ALUMINUM 

TRAILING  EDGE  ANGLE 
oooee le-e STAINLESS 

CUT-OUT  SHOWING 
INTERIOR  CONSTRUCTION 
OF  AFT  SECTION 

SPAR 0 074 IN STAINLESS  STEEL 
4140 STEEL 

NOTES  CIRCLED  NUMBERS  INDICATE  TYPES OF BONDED  JOINTS 
FM-47-TAPE  ADHESIVE 

S E C T I O N   C  

STEEL 

FIG.  3 A F T   S E C T I O N   S U P P O R T E D  BY R I B B E D   S T I F F E N E R S  



NOSE  COVER OOOEE 
STAINLESS  STEEL 

O 0 0 0 7 I N  2024 ALUMINUM  FOIL 
IN CELL SIZE HONEYCOMB 

TRAILING EDGE ANGLE 0010 IN  2024 ALUMINUM 

LFACINGS o 010 IN  2024 ALUMINUM 

WEE ANGLE o ooee IN 
18-8 STAINLESS STEEL 

SPAR 0060 IN 4140 STEEL 

NOTES CIRCLED NUMBERS INDICATE  TYPES OF BONDED JOINTS 
FM-47-TAPE  ADHESIVE 

SECTION D 

FIG. 4 AFT SECTION COMPOSED OF TWO SANDWICH ELEMENTS 



SPAR 2024 ALUMINUM 

- 0 016 I N  2024 ALUMINUM 

OUTBOARD  SECTION  BRASS 
-L SKIN 0 020 I N  2024 ALUMINUM 

NOTES  CIRCLED  NUMBERS  INDICATE  TYPE OF BONDED  JOINTS 
PLASTILOCK 601 FILM  ADHESIVE 

S E C T I O N  E 

F I G .  5 D O U B L E   F A C I N G   S H E E T S  OVER SPANWISE S T I F F E N E R  



DOUBLER 

SPAR 2024 - 
ALUMINUM 

2 0 2 4  

1 

\SKINS 2024  ALUMINUM 

DOUBLER 2 0 2 4  ALUMINUM 

NOTES CIRCLED  NUMBERS  INDICATE  TYPE  OF  BONDED JOINTS 
PLASTILOCK 601 F ILM ADHESIVE 
SECTION AT ROOT END SHOWING DOUBLERS 

S E C T I O N  F 

F I G  6 M U L T I P L E   D O U B L E R S  



FIG 7 PHOTOGRAPH  OF  THE  IMPRESSION O F  FIBERCLAS  SUPPORTING  TAPE 
ON THE 0 009 FACING O F   T H E   S E C T I O N  O F  A ROTOR  BLADE 





M E T H O D  VOIDS D E T E C T E D  

M E C H A N I C A L  T A P P E R  
T A P P I N G  A B  C 

B 
E L E C T R I C A L   T A P P E R  B 
BOND  ANALYZER A B  c 

FIG 9 BLADE  SECTION 2 SHOWING RESULTS O F  TAPPING  TESTS 



M E T H O D  
R E S U L T S  O F  T E S T S  

V O l D S   D E T E C T E D  
~ 

C O I N   T A P P I N G  
M E C H A N I C A L   T A P P E R  SHOWN BY 

O U T L I N E D  BY SOLID L I N E  

B U Z  7 E R  SHOWN B Y  - I_____ - ___.~._ . ~~ - 
N O T E  ALL VOIDS IN U P P E R  ADHESIVE L A Y E K  

FIG 10  BLADE  SECTION 3 LARGE  MULTILAMINATE SPAR SHOWING RESULTS 
O F  TAPPING  TESTS 



M E T H O D  O F  TESTING  VOIDS  DETECTED 

T A P P I N G  B 
M E C H A N I C A L   T A P P I N G  
BUZZER  SYSTEM 

NONE 
NONE 

S T U B   M E T E R  B,  C .  AND  D 

NOTE  SINGLE-HATCHED  AREA  INDICATES  ACTUAL  VOID 

BENEATH  UPPERMOST  ADHESIVE  LAYER 
DOUBLE-HATCHED  AREA  INDICATES  LOCATED  VOID 

INTENDED  VOID  BETWEEN 

LAST  TWO  SHEETS 

FIG 11 P A N E L  1 SHOWING VOIDS D E T E C T E D  



METHOD O F  TESTING 
T A P P I N G  
MECHANICAL  TAPPING 
BUZZER  SYSTEM 
S T U B   M E T E R  

VOIDS  DETECTED 
B 
C ,   D ,   E ,  AND F 
NONE 
B ,   C .   D ,  E ,  F, AND G 

LOW  STRENGTH  BONDS 
N O T E  
SINGLE  CROSS  HATCHED  AREAS A AND B 
SHOW  LOCATION O F  ACTUAL  VOID 

DOUBLE  CROSS  HATCHED  AREAS SHOW 
LOCATION  OF  VOIDS  FOUND  UNDER 
UPPERMOST  SHEET.  

INTENDED  VOID  BETWEEN 
LAST  TWO  SHEETS 

FIG 12  P A N E L  2 SHOWING  VOIDS D E T E C T E D  



METHOD  OF  TESTING 

TAPPING 
MECHANICAL  TAPPING 
BUZZER  SYSTEM 
STUB  METER 

VOIDS DETECTED 
A. 8.  C. D. AND E ~, . 
A, B. C ,  D, AND  E 
A, B, C ,  AND D 
A, B,  C,   D ,  AND E 

NOTE r VOID F 
VOID E 

IS  ON  PANEL 
IS ON  PANEL 

NO 3 
NO 4 

FIG 13 PANELS 3 AND 4 SHOWING  VOIDS DETECTED 



METHOD OF TESTING 

I " 

VOIDS DETECTED 

MECHANICAL  TAPPING 
TAPPING 

BUT ZER  SYSTEM 
STUB  METER 

PART O F  A, B ,  C ,  AND D 
A ,  B,   C,  AND  D 
B A N D C  ~ 

A ,  B,  C. AND  D 

FIG. 14 PANEL 5 SHOWING VOIDS DETECTED 



FIG. 15 PANEL 6 SHOWING VOIDS DETECTED 



M E T H O D  O F  TESTING 

T A P P I N G  
M E C H A N I C A L   T A P P I N G  

S T U B   M E T E R  
B U Z Z E R   S Y S T E M  

VOIDS D E T E C T E D  

B, C ,  AND D 

NONE 
B.   C,   AND D 

B,  E ,  AND D 

FIG 16 P A N E L  7 SHOWING VOIDS D E T E C T E D  



FIG 17A MODEL 1 T A P P E R  WITH E X P E R I M E N T A L  PICKUP 

SOLENOID 

F I G  17B SCHEMATIC WIRING DIAGRAM 



FIG. 18 PORTABLE AMPLIFIER  WITH EAFtPHONE AND DYNAMIC PICKUP  MICROPHONE 



FIG 19 D W O N T  ULTRASONIC  BOND  ANALYZER  WITH  PEAK-TO-PEAK  VOLTMETER 



ALUMINUM  STAINLESS  STEEL 

F R E E   P R O B E   F R E E   P R O B E  

1 LAYER 020. 2024 1 LAYER 010 

2 LAYERS 0 2 0 ,  2024 

..I"" 
3 LAYERS  020,   2024 

r 
4 L J Y E R S  020, 2024 

7 
5 LAYERS 020. 2024 

2 LAYERS 010 

3 LAYERS 010 

7 
4 LAYERS 010 

7 
5 L A Y E R S  010 



SINGLE  OUTSIDE  FACING 

TWO  FACINGS 
(GOOD  BOND) 

TWO  FACINGS  (VOID) 

RIB  (GOOD  BOND) 
TWO  FACINGS  OVER 

THREE  FACINGS 
(GOOD  BOND) 

SIhGLE  OUTSIDE  FACING 

7 
(GOOD  BOND) 
T W O   F P C I N G S  

TWO  FACINGS  (VOID) 

TWO  FACING  OVER 
R I B  (GOOD  BOND) 

(GOOD  BOND) 
THREE  FACINGS  OUTSIDE  FACING  OVER  OUTSIDE  FACING  OVER 

SPAR  (GOOD  BOND) SPAR (GOOD  BOND) 

OUTSIDE  FACING  OVER OUTSIDE  FACING  OVER 
SPAR  (VOlD)  OUTSIDE  FACING  SPAR  (VOID) 

OUTSIDE  FACING  OVER OUTSIDE  FACING  OYER 
RIB (GOOD  BOND) HONEYCOMB  (GOOD  BOND)  OUTSIDE 

OUTSIDE  FACING  OVER 
RIB  (VOID) 

OUTSIDF  SHEET  OVER 
HONEYCOMB  (VOID) 

OUTSIDE  FACING  OVER 
RIB  (GOOD  BOND) 

3 -  57 
OUTSIDE  FACING  OVER  OUTSIDE  FACING  OVER 'P 
SPAR  (GOOD  BOND) 

OUTSIDE  FACING  OVER 
SPAR (GOOD  BOND) RIB (VOID) 

OUTSIDE  FACING  OYER OUTSIDE  FACING  OVER ALUMINUM  SPAR  OVER 
SPAR  (VOID) SPAR  (VOID) OUTSIDE  FACING  (GOOD 

BOND) 

OUTSIDE  FACING  OUTSIDE  FACING  ALUMINUM  SPAR  OVER 
OUTSIDE  FACING  (VOID) 

4 / - - 6  r l- 
OUTSIDE FACING O V E R  OUTSIDE  FACING  OVER OUTSIDE  FACING  (GOOD 
RIB  (COOD  BOND) RIB  (GOOD  BOND) BOND) 

S T E E L   S P A R   O V E R  

OUTSIDE FACING OVER OUTSIDE FACING OVER  STEEL  SPAR  OVER 
RIB  (VOID) RIB  (VOID)  OUTSIDE  FACING  (VOID) 

VOTE  NUMBERS  INDICATE  THE  TEST  PANEL  NUMBER 

F I G  2 1  BOND  ANALYZER  TRACES  FROM  TEST  PANELS,  1 X 3 / 0  P R O B E  



F R E E   P R O B E  

C U F F   P L A T E  
(GOOD  BOND) - 
(GOOD  BOND) 
P O C K E T  TO SPAR 

(GOOD  BOND) 
P O C K E T  TO R I B  

C U F F   P L A T E  
(VOID) 

J 
(VOID) 
P O C K E T  TO S P A R  

P O C K E T   T O   R I B  
(VOID) 

FIG 22 BOND ANALYZER TRACES FROM ROTOR BLADE SPMPLE,I x 3/a PROBE 



S A M P L E  A 

Y L N - J  
SAMPLE D 

(GOOD  BOND)  (VOID)  (GOOD  BOND) (VOID) 

SKIN TO SPAR  SKIN TO SPAR 

(GOOD  90ND)  (VOID)  (GOOD  BOND)  (VOID) 

SKIN  TO  RIB  SKIN  TO  LAMINATES 

SAMPLE B S A M P L E  C 

(GOOD  BOND)  (VOID)  (GOOD  BOND)  (VOID) 

SKIN TO  SPAR  SKIN TO S T I F F E N E R S  

(GOOD  BOND) (VOID) 

SKIN TO HONEYCOMB 

FIG 23 BOND ANALYZER TRPCES FROM ROTOR BLADES, 1 x 3/a  PROBE 



FIG  24A  PHOTOGRAPH O F  HELICOPTER  BLADE  SECTION 1 SHOWING  RESULTS 
O F  DYE  PENETRANT  TEST 

FIG  24B  PHOTOGRAPH O F  HELICOPTER  BLADE  SECTION 3 SHOWING  RESULTS 
O€  DYE  PENETRANT  TEST 



FIG 25A PHOTOGRAPH O F  PANELS SHOWING RESULTS O F  
DYE  PENETRANT  TEST 

F I G  25B PHOTOGRAPH O F  PANELS SHOWING  RESULTS O F  
D Y E  P E N E T R A N r   T E S T  




