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Abs t rac t  

We have designed and b u i l t  a l o n g i t u d i n a l  
wave and severa l  shear wave con tac t i ng  a r rays  f o r  
t h e  nondes t ruc t i ve  e v a l u a t i o n  o f  aluminum. The 
a r rays  each have 32 elements and operate a t  a 
c e n t e r  frequency o f  3 MHz . Side d r i l l e d  holes 
and EUM s l o t s  o f  d i f f e r e n t  o r i e n t a t i o n s  ( a l l  o f  
which a r e  i n  aluminum sample b locks )  a re  imaged 
us ing  these a r rays  i n  a r e a l - t i m e  s y n t h e t i c  
ape r tu re  imaging system. 

Fo l l ow ing  a suggestion o f  H. D. Wil l iams o f  
t h e  CEGB (England), t h e  coup l i ng  problem between 
t h e  a r rays  and t h e  aluminum block under t e s t  has 
been a l l e v i a t e d  by us ing  n a t u r a l  bee honey w i t h  
bu l k  wave t ransducers i n  t h e  frequency range o f  
3 MHz t o  300 MHz . Our i n i t i a l  experiments 
i n d i c a t e  t h a t  honey i s  a super io r  couplant  t o  any 
o f  t h e  o t h e r  a v a i l a b l e  couplants. 

1. I n t r o d u c t i o n  

We have developed severa l  novel c o n t a c t i n g  
The a r r a y s  were designed t o  t ransducer  ar rays.  

operate i n  d i r e c t  con tac t  w i t h  t e s t  specimens 
r a t h e r  than  through a l i q u i d  bath.  They have 
been U ed wi th our s y n t h e t i c  ape r tu re  imaging 

aluminum t a r g e t  b locks.  
u t i l i z e d  l o n g i t u d i n a l  waves, and t h e  o the r  t h r e e  
u t i l i z e d  shear waves. The a r rays  each had 32 
a c t i v e  elements and cen te r  f requencies i n  t h e  
2.5-3.5 MHz range. 

The parameters o f  g rea tes t  concern t o  us i n  
ou r  a r r a y  designs were: 1) t i m e  d u r a t i o n  o f  t h e  
impulse response; (2)  e f f i c i e n c y ;  (3)  w id th  o f  
t h e  angular  response f rom a s i n g l e  element; 
(4)  cross-coupl ing between elements, and 
( 5 )  u n i f o r m i t y  o f  response f rom element t o  
element. The t a s k  o f  o b t a i n i n g  a s h o r t  impulse 
response w i t h  h i g h  e f f i c i e n c y  i s  somewhat s imp le r  
i n  a c o n t a c t i n g  a r r a y  t h a n  i n  an a r r a y  designed 
t o  operate through water. The impedance o f  t h e  
l oad  m a t e r i a l  (aluminum o r  s t e e l )  i s  s u f f i c i e n t l y  
h i g h  t h a t  h i g h  impedance backings a re  n o t  
requi red.  
gained from t h e  use o f  matching l aye rs .  
Therefore, a l l  t h a t  i s  requ i red  t o  g e t  a s h o r t  
impulse response and h i g h  e f f i c i e n c y  i s  good 
coup l i ng  t o  t h e  l o a d  medium. 

The c ross -coup l i ng  between elements was 
minimized by sawing t h e  ceramic i n t o  separate 

system I t o  image cracks, EDM s l o t s ,  and holes i n  
One o f  t h e  a r rays  

I n  a d d i t i o n ,  t h e r e  i s  l i t t l e  t o  be 

pieces. Th is  e l im ina ted  c ross -coup l i ng  through 
t h e  ceramic i t s e l f .  However, t h e r e  was s t i l l  
some cross-coupl ing between elements through t h e  
l oad  medium. 

The angular  response was maximized by making 
t h e  i n d i v i d u a l  a r r a y  elements narrow. The a r ray  
elements were about a h a l f  wavelength wide, 
measured i n  wavelengths o f  t h e  l oad  medium. 
t h e  o the r  dimension t h e  elements were g rea te r  
t han  10 x long. T h i s  assured us o f  hav ing a 
f l a t ,  fan-shaped beam. 

U n i f o r m i t y  o f  response from element t o  
element depends mos t l y  on t h e  f a b r i c a t i o n  
procedure. The two steps i n  t h i s  procedure which 
a re  most c r i t i c a l  are: (1) o b t a i n i n g  a u n i f o r m l y  
t h i n  g lue bond between t h e  ceramic and t h e  
faceplate;  and 
separate a r ray  elements w i t h o u t  causing them t o  
be damaged. 
i n  t h i s  area by c a r e f u l l y  c lean ing  t h e  sur faces 
be fo re  bonding t h e  ceramic, and by us ing  narrow 
saw blades. 

I n  

(2)  sawing t h e  ceramic i n t o  

We achieved a f a i r  degree o f  success 

2. Long i tud ina l  Contact ing Array 

For our  f i r s t  c o n t a c t i n g  a r ray  we chose t o  
use l o n g i t u d i n a l  waves ( l o n g i t u d i n a l  waves a r e  
much e a s i e r  t o  couple than  shear waves). Th i s  
a r ray  had a cen te r  frequency o f  about 3 MHz . 
Coupl ing between t h e  a r r a y  elements, and t h e  
ob jec t  under t e s t  was accomplished through a 
1 / 4  A aluminum f a c e p l a t e  which was b u i l t  i n t o  
t h e  array.  
appear i n  F ig .  1. 

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

E P O X Y  B A C K I N G  

EPOXY F ILLETS ( C R E A T E D  
WHEN B A C K I N G  I S  BONDED) 

E P O X Y  S H I M  

P Z T - S h  C E R A M I C  ELEMENT 

\ X I 4  ALUMINUM F A C E  P L A T E  

F ig .  1. Cross-sect ion o f  t h e  l o n g i t u d i n a l  
c o n t a c t i n g  a r ray  w i t h  quarter-wave 
faceplate.  

A l i g h t  epoxy backing was used, b u t  more f o r  
s t r u c t u r a l  reasons than f o r  acous t i c  reasons. 
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The back ing was requ i red  so t h a t  pressure cou ld  
be a p p l i e d  t o  t h e  a r r a y  i n  order  t o  couple i t  t o  
t h e  t a r g e t  medium. The epoxy s t r i p s  on t h e  back 
o f  each ceramic element were used t o  keep epoxy 
f i l l e t s  f rom coining between t h e  elements. 
f ea red  t h a t  such f i l l e t s  might  i n t roduce  
cross-coup1 i ng. 

t o  l a p  t h e  facep la te  t o  l / 4  x th ickness,  w h i l e  
i t  was bonded by wax t o  a t h i c k  aluminum b lock  
f o r  support.  The PZT-5H ceramic (.40 mm x 
.125 cm x 5 cm) was then bonded t o  t h e  facep la te  
w i t h  room temperature c u r i n g  epoxy. A go ld  f o i l  
s t r i p  was then  so ldered t o  t h e  PZT t o  serve as 
t h e  e l e c t r i c a l  con tac t  ( t h e  o the r  con tac t  was t h e  
facep la te  i t s e l f ) .  An epoxy shim was then g lued 
t o  t h e  ceramic and t h e  ceramic and shim were 
sawed i n t o  a r r a y  elements. F i n a l l y  t h e  backing 
was g lued t o  t h e  array.  With t h e  backing i n  
p lace,  t h e  a r ray  was s t r u c t u r a l l y  sound and t h e  
aluminum block upon which t h e  a r ray  was b u i l t  
cou ld  be removed. A c i r c u i t  board was at tached 
t o  t h e  backing and connections were made t o  t h e  
i n d i v i d u a l  a r ray  elements. Transformers were 
so ldered t o  t h e  c i r c u i t  board i n  order  t o  p rov ide  
e l e c t r i c a l  matching t o  t h e  elements. 

I t  was 

The f i r s t  s tep i n  c o n s t r u c t i n g  t h e  a r ray  was 

Fig. 2. Image o f  t h ree  1/16" d r i l l  ho les i n  an 
aluminum block,  t aken  w i t h  l o n g i t u d i n a l  
c o n t a c t i n g  array.  

The images i n  F igs .  2 and 3 were made us ing  
t h i s  ar ray.  
ho les i n  an aluminum block. The c o n f i g u r a t i o n  
used i n  t h i s  experiment i s  dep ic ted  i n  Fig. 4. 

was about 14 dB a t  cen te r  frequency w i t h  a 
3 dB bandwidth o f  66% . Ten elements were 
connected i n  p a r a l l e l  i n  order  t o  remove t h e  
e f f e c t s  o f  d i f f r a c t i o n  f rom t h i s  measurement. 
Coupling t o  t h e  t a r g e t  was accomplished w i t h  t h e  
a i d  o f  a medical u l t rasound  couplant  w i t h  
p r o p e r t i e s  l i k e  those o f  water. Even w i t h  t h e  
couplant ,  a moderate amount o f  pressure was 
requ i red  i n  o rde r  t o  ge t  good images w i t h  t h i s  

These a r e  imaged o f  s ide  d r i l l e d  

The round t r i p  i n s e r t i o n  l o s s  f o r  t h e  a r ray  

array.  
adverse ly  a f f e c t e d  by t h e  weak coup l i ng  between 
t h e  a r ray  and t h e  load. 

The impulse response and e f f i c i e n c y  were 

F ig.  3. Image o f  t h r e e  1/16" d r i l l  ho les w i t h  
a r r a y  r o t a t e d  through 90° f rom 
o r i e n t a t i o n  used i n  F ig .  2. 

ELEMENTS 

Fig.  4. Long i tud ina l  c o n t a c t i n g  a r ray  and 
aluminum t a r g e t  block. 

3. Shear Transducers 

I n  order  t o  improve t h e  r e s o l u t i o n  o f  our 
imaging system, we cons t ruc ted  severa l  shear wave 
arrays,  A t  a g i ven  frequency ( i n  meta ls  and 
ceramics) t h e  wavelength o f  a shear wave i s  o n l y  
about h a l f  t h a t  o f  a l o n g i t u d i n a l  wave. 
Consequently, by us ing  a shear wave a r ray  i n  
our 3 MHz imaging system, we were able t o  
double t h e  reso lu t i on .  

I n  t h e  past  we have e x c i t e d  shear waves i n  
metal targ,e s by u t i l i z i n g  mode convers ion 
techniques.' I n  t h i s  approach a l o n g i t u d i n a l  
wave a r ray  i s  used t o  e x c i t e  a l o n g i t u d i n a l  wave 
i n  water. Th i s  wave then conver ts  t o  a shear 
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wave a t  t h e  i n t e r f a c e  w i t h  t h e  t a r g e t .  The 
disadvantage o f  t h i s  approach i s  t h a t  i t  causes 
abberations, which make t h e  image r e c o n s t r u c t i o n  
d i f f i c u l t .  
con tac t i ng  shear a r rays  t o  avoid t h e  abberat ion 
problem. 

The f i r s t  shear a r r a y  which we const ructed 
was assembled i n  t h e  same fash ion  as t h e  
l o n g i t u d i n a l  ar ray.  The a r r a y  had a 1 / 4  A 
t h i c k  aluminum facep la te ,  and a l i g h t  epoxy 
backing ( r e f e r  t o  F ig .  1 and d e t a i l s  o f  
l o n g i t u d i n a l  a r r a y  cons t ruc t i on ) .  The problem o f  
ach iev ing  good con tac t  between t h e  a r ray  and t h e  
t a r g e t  was never surmounted w i t h  t h i s  device. 
Since t h e  a r r a y  was 12.5 mm t a l l  by 50 mm 
wide t h e  t o t a l  con tac t  area was almost 
7 cm2 . The m a t e r i a l  t h a t  f unc t i oned  bes t  as a 
couplant  was n a t u r a l  bee honey, due t o  t h e  h i g h  
shear v i s c o s i t y  o f  t h a t  f l u i d .  Other couplants  
were t r i e d  b u t  proved i n e f f e c t i v e  ( t h e  sub jec t  o f  
couplants  w i l l  be r a i s e d  i n  more d e t a i l  i n  t h e  
nex t  sec t i on ) .  Wi th  honey as a couplant ,  and t h e  
use o f  extreme pressure t o  f o r c e  t h e  a r r a y  t o  t h e  
t a r g e t ,  a round t r i p  i n s e r t i o n  l o s s  o f  14 dB 
was measured w i t h  a 3 dB bandwidth o f  69% . 
Other s e t s  o f  elements i n  t h e  a r ray  produced 
weaker responses ( twe lve  elements were connected 
i n  p a r a l l e l  t o  make t h i s  measurement). The 
impulse response o f  t h e  a r r a y  was p r e d i c t a b l y  
poor. 
t he re  was l i t t l e  t o  damp t h e  r i n g i n g  o f  t h e  
elements. Th is  a r r a y  was used i n  t h e  imaging 
system. However, i t  was d i f f i c u l t  t o  d i sce rn  t h e  
back w a l l  o f  t h e  t a r g e t  b lock,  l e t  a lone f l a w s  
i n s i d e  i t .  
abandoned t h i s  p a r t i c u l a r  approach t o  t h e  des ign 
of  t h e  shear ar ray.  

Our second shear a r ray  was cons t ruc ted  i n  
such a f ash ion  as t o  e l i m i n a t e  t h e  coup l i ng  
problem. I n  t h i s  case, t h e  PZT ceramic was 
bonded d i r e c t l y  t o  t h e  o b j e c t  t h a t  we des i red  t o  
t e s t  ( r e f e r  t o  F ig .  5 f o r  more d e t a i l ) .  
be ing bonded t o  t h e  t a r g e t  b lock ,  t h e  ceramic was 
s l o t t e d  w i t h  a 0.5 mm saw b lade i n t o  separate 
a r r a y  elements. 
t o  a separate c i r c u i t  board t r a c e ,  us ing  a b a l l  
bond. No backing was requ i red  f o r  t h i s  a r r a y  as 
t h e  t a r g e t  b lock prov ided s t r u c t u r a l  i n t e g r i t y .  

very w e l l .  F igu re  6 i s  an image o f  t h r e e  saw 
cu ts ,  each about .2 mm wide and ranging i n  
depth f rom 1 mm t o  5 mm . Even t h e  shal lowest  
c u t  (1 mm) i s  reso lvab le  w i t h  t h i s  array. The 
round t r i p  i n s e r t i o n  l o s s  a t  cen te r  frequency 
was 7 dB (measured w i t h  11 elements i n  
para1 l e 1  ). Th is  approaches t h e  t h e o r e t i c a l  
minimum, as 3 dB a r e  accounted f o r  by t h e  
sparseness o f  t h e  a r ray ,  l e a v i n g  on ly  4 dB t o  
account f o r .  The element-to-element v a r i a t i o n s  
i n  impedance were a l s o  very smal 1. The 3 dB 
bandwidth was 63% . 

i n  t h i s  a r r a y  were h i g h  cross-coupl ing between 
elements and an impulse response w i t h  a l o n g  
ring-down t ime. 

Therefore,  we decided t o  develop 

Without t h e  b e n e f i t  o f  good coupl ing,  

Because o f  t h e  coup l i ng  problem, we 

A f t e r  

Each element was then connected 

As might  be expected, t h i s  a r r a y  func t i oned  

The undes i rab le  fea tu res  t h a t  were present  

S ince t h e  a r r a y  had no backing 

and t h e  ceramic had been sawed i n t o  separate 
elements, t h e  on ly  remaining mechanism f o r  
acous t i c  cross-coupl ing was coup l i ng  through t h e  
t a r g e t  b lock  i t s e l f .  Th i s  same coup l i ng  may have 
been respons ib le  f o r  t h e  l ong  ringdown t ime.  I n  
any case, t h e  cross-coupl ing caused by t h e  l oad  
medium cannot be e l i m i n a t e d  i n  a con tac t i ng  shear 
a r r a y ,  and represents  a fundamental l i m i t a t i o n .  

ALUMINUM 
B L O C K  

T R A N S D U C E R  - 
A R R A Y  

F R O N T  V I E W  

U 
S A W  

C U T S  

B A C K  V I E W  

Fig. 5. Shear a r r a y  bonded d i r e c t l y  t o  an 
aluminum t a r g e t  b lock.  

F i g .  6 .  Image o f  t h r e e  saw cu ts  (1 mm, 3 mm, and 
5 mm deep) made w i t h  shear a r r a y  bonded 
t o  t a r g e t  b lock.  

Aside from t h e  d i f f i c u l t y  i n v o l v e d  i n  
bonding a t ransducer  a r ray  t o  an o b j e c t  under 
t e s t ,  t h e r e  a re  a l s o  f u n c t i o n a l  disadvantages t o  
t h i s  scheme. Foremost, t h e r e  i s  t h e  f a c t  t h a t  
t h e  t ransducer  cannot be moved t o  examine f l aws  
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i n  o t h e r  reg ions  o f  t h e  ob jec t .  Therefore, our  
t h i r d  shear wave a r ray  was developed i n  o rde r  t o  
avo id  t h e  problems o f  coup l i ng  we faced w i t h  our  
f i r s t  a r ray ,  and t h e  l i m i t a t i o n s  o f  i m m o b i l i t y  we 
faced wi th  ou r  second array.  
decided t o  u t i l i z e  l o n g i t u d i n a l  wave propagat ion 
through t h e  l a y e r  o f  couplant  i ns tead  o f  
depending on t h e  shear v i s c o s i t y  o f  t h e  couplant  
t o  a l l o w  shear wave propagation. The acous t i c  
beam f rom t h e  a r r a y  was converted f rom a shear 
wave t o  a l o n g i t u d i n a l  wave on one s i d e  o f  t h e  
i n t e r f a c e  and v i c e  versa on t h e  other .  Since t h e  
process was symmetric, no abberat ions were 
i n t  roduced. 

I n  t h i s  ar ray,  we 

The geometry o f  t h i s  i n t e r f a c e  i s  dep ic ted  
i n  F ig .  7. 
o f  4 5 0  w i t h  respect  t o  t h e  i n t e r f a c e  i n  a b l o c k  
o f  aluminum. Long i tud ina l  waves a re  c u t  o f f  
(beyond t h e i r  c r i t i c a l  angle)  i n  t h e  block. A t  
t h e  i n t e r f a c e  t h e  shear wave, which has v e r t i c a l  
p o l a r i z a t i o n ,  mode conver ts  i n t o  a l o n g i t u d i n a l  
wave. The l o n g i t u d i n a l  wave propagates across 
t h e  l a y e r  o f  couplant  where it re-conver ts  i n t o  a 
shear wave a t  t h e  o t h e r  i n t e r f a c e .  No 
l o n g i t u d i n a l  waves a re  e x c i t e d  i n  t h e  aluminum 
t a r g e t  b lock ,  as they t o o  a r e  beyond c u t - o f f .  
The one-way l o s s  through such an i n t e r f a c e  has 
been measured t o  be l e s s  than 2.5 dB . 

A shear wave i s  launched a t  an angle 

ALUM1 N UM 

F ig .  7. Geometry f o r  a shear a r r a y  u t i l i z i n g  
mode conversion a t  t h e  t a r g e t  
i n t e r f a c e .  

An a r r a y  was const ructed us ing  these 
p r i n c i p l e s  ( r e f e r  t o  F ig .  8 f o r  d e t a i l s  o f  t h e  
cons t ruc t i on ) .  
aluminum wedge wi th  epoxy. 
i n t o  separate elements, each 0.5 m wide, 
spaced 1 mm apart.  These elements were 
connected t o  t h e  c i r c u i t  board t r a c e s  wi th  b a l l  
bonds. 

The ceramic was bonded t o  t h e  
It was then  sawed 

ARRAY OF 
PIEZOELECTRIC 

ALUMINUM 

WITH FLAW 
U TARGET 

Fig. 8. Shear a r r a y  c o n f i g u r a t i o n  used t o  ob ta in  

The performance o f  t h i s  a r ray  i n  our imaging 

The round 

image i n  F ig .  9. 

system was exce l l en t .  
narrow EOM s l o t  c u t  i n  a b lock  o f  aluminum ( t h e  
c o n f i g u r a t i o n  i s  l i k e  t h a t  i n  F ig .  8). 
t r i p  i n s e r t i o n  l o s s  a t  cen te r  frequency was 
19 dB , w i t h  a 3 dB bandwidth o f  50% . The 
impulse response was acceptable, a l though the  
ringdown t ime  was l o n g  (perhaps due t o  
cross-coupl ing) .  
t h a t  t h e  v a r i a t i o n  i n  impedance f rom element t o  
element was considerable. Th is  must have been 
caused by e i t h e r  f a u l t s  i n  t h e  epoxy bond o r  
damage t o  t h e  ceramic due t o  sawing. We a re  i n  
t h e  process o f  c o n s t r u c t i n g  t h e  second o f  these 
devices w i t h  more un i fo rm element-to-element 
response. We w i l l  use t ransformers i n  t h i s  next  
a r ray  i n  order  t o  improve t h e  e l e c t r i c a l  match t o  
t h e  elements, and h o p e f u l l y  improve t h e  impulse 
response. 

F i g u r e  9 i s  an image o f  a 

A drawback w i t h  t h i s  a r ray  was 

Fig. 9. Image o f  an EDM s l o t  i n  an aluminum 
b lock ,  taken w i t h  45O inc idence shear 
ar ray.  

An a d d i t i o n a l  advantage t o  t h i s  design f o r  a 
shear a r r a y  i s  t h a t  i t  generates a beam a t  a 
450 angle w i t h  respect  t o  t h e  sur face of t h e  
o b j e c t  under t e s t .  Cracks on t h e  f a r  s i d e  o f  t h e  
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ob jec t ,  which run  normal t o  t h e  sur face,  w i l l  
then combine w i t h  t h e  sur face t o  form an edge 
r e f l e c t o r  t o  t h e  45O beam. Echoes from t h e  
f r o n t  and back faces o f  t h e  o b j e c t  do n o t  appear 
i n  t h e  image, and t h e r e f o r e  do n o t  mask t h e  
f law. 

4. Couplants 

e f f e c t i v e ,  i t  i s  impor tant  t o  use a good couplant  
between t h e  t ransducer  and t h e  o b j e c t  under 
t e s t .  Couplants f o r  l o n g i t u d i n a l  waves a re  
r e a d i l y  ava i l ab le .  Most o f  these couplants  have 
an impedance l i k e  t h a t  o f  water. Th i s  i s  q u i t e  
low compared t o  t h e  impedance o f  t h e  meta ls  and 
ceramics we would l i k e  t o  t e s t ,  b u t  as t h e  l a y e r  
becomes very t h i n ,  t h e  impedance d i f f e r e n c e  
becomes 1 ess important. 

L i q u i d  couplants  w i l l  a l s o  a l l o w  shear waves 
t o  propagate, b u t  w i t h  much l e s s  ease than  
l o n g i t u d i n a l  waves. The shear waves decay i n  t h e  
l i q u i d  w i t h i n  a depth which is p r o p o r t i o n a l  t o  
t h e  shear v i s c o s i t y .  T h i s  i s  analogous t o  t h e  
" s k i n  e f f e c t "  o f  e l e c t r i c  f i e l d s  i n  metals. 

w i t h  severa l  d i f f e r e n t  couplants  t o  t r y  and 
determine which ones a re  bes t  i n  these 
a p p l i c a t i o n s .  
l i t t l e  s i g n i f i c a n c e  w i t h  t h e  l o n g i t u d i n a l  
ar ray.  A viscous f l u i d  couplant  l i k e  honey l e d  
t o  t h e  same l o s s  a t  t h e  i n t e r f a c e  as w i t h  a 
couplant  l i k e  water. However, w i t h  t h e  shear 
ar ray,  t h e  two way loss a t  t h e  i n t e r f a c e  was 
15 dB 
w i t h  a w a t e r - l i k e  couplant .  

honey i s  l e s s  than what one would p r e d i c t  based 
on an f2 law. I n  our 300 MHz l o n g i t u d i n a l  
wave f l a w  d e t e c t i o n  system (ZnO on a sapphire 
b u f f e r  rod ) ,  honey has surpassed a l l  o t h e r  
couplants. Th i s  i nc ludes  viscous r e s i n s  and 
va r ious  l i q u i d s  o t h e r  than  l i q u i d  metals. The 
r e f l e c t i o n  c o e f f i c i e n t  f o r  t h e  sapphire-honey- 
ceramic i n t e r f a c e  was t h e  same as f o r  t h e  
sapphire-ceramic h e r t z i a n  contact .  Thus, we were 
a b l e  t o  scan t h e  sample w i t h  e x c e l l e n t  
t ransmiss ion.  We a r e  i n  t h e  process o f  s tudy ing  
t h i s  unusual behavior  o f  viscous f l u i d s  a t  h i g h  
frequencies. 

I n  o r d e r  f o r  a c o n t a c t i n g  t ransducer  t o  be 

We have made measurements o f  i n s e r t i o n  l o s s  

The choice o f  couplant  was o f  

lower  w i t h  honey used as a couplant  than 

A t  very h i g h  f requencies,  t h e  a t t e n u a t i o n  o f  

5. Concl u s i  ons 

We have descr ibed f o u r  novel c o n t a c t i n g  

We have 

a r rays  f o r  use i n  nondes t ruc t i ve  t e s t i n g .  The 
pr imary o b s t a c l e  t o  t h e  use o f  these a r rays  i s  
l o s s  a t  t h e  array-sample i n t e r f a c e .  
s u c c e s s f u l l y  used n a t u r a l  bee honey as a shear 
wave couplant  a t  low f requencies and a 
l o n g i t u d i n a l  wave couplant  a t  h i g h  frequencies. 
F u r t h e r  i n v e s t i g a t i o n  i n t o  t h e  sub jec t  o f  v iscous 
f l u i d  couplants  i s  requi red.  
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