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Ul t r ason i cs  i s  a  b ranch  o f  acous t i c s  dea l i ng
with per iodic waves of  f requencies above the audible
range (greater  than approximateLy 20,000 Hertz) .
The maximum usable ul t rasonic f requency is  about
1010  Hz ,  co r resgond ing  t o  a  wave leng th  i n  a i r  o f
abou t  3 .4  x  10 -6  cm and  i n  \ da te r  o f  l - . 5  x  10 -5  cm.
Because  o f  t he i r  sho r t  wave leng th ,  u l t r ason i c  waves
travel  through a medium in much sharper beams and
can form sharper shadows than can audible or  1o¡, ¡
f requency sound waves.  Hence, they can be used to
de tec t  sma l l  f 1aws ,  vo i ds ,  o r  i ncLus ions  i n  a  g i ven

ma te r i a l .

The standard ul t rasonic sources are piezo-

e l ec t r i c  and  magne tos t r i c t i ve  ocs i l l a t o r s .  Bo th  o f
t hese  a re  e l ec t r oacous t i c  t r ansduce rs ,  whose  f t ex -

i b i l i t y  depends  on  t he  des ign  and  l i r n i t a t i ons  o f
t he  osc i l l a t i ng  e l ec t r i caL  c i r cu i t s .  S i nce  u l t r a -
sonic waves of  suf f ic ient ly  h igh f requency and
intensi ty can be made to t ravel  in a beam with

l i t t l e  sp read ing ,  such  a  beam can  exp lo re  a  phys i ca l
medium and detect  nonhomogenei t ies in i t  by
re f l ec t i on .  Th i s  i s  t he  p r i nc i pLe  o f  t he  U l t r ason i c
Re fLec toscope ,  i nven ted  by  F .  A .  F i r es tone ,  i n  wh i ch
an ul t rasonic beam or pulse penetrat ing a mater ia l
produces an echo when i t  s t r ikes a f law or d is-
cont i .nul- ty  that  has di f ferent  acoust fcal  propert ies
from the surrounding mater ia l .  This echo can be
detected by the same transducer that  emlts the
o r i g i na l  pu l se .

An inportant  factor  in u l t rasonic f law detec-
t ion is  the part icular  ¡nater ia l  belng inspected.
Ce r ta i n  cha rac te r i s t i c s  o f  t he  ma te r i a l  de te rm ine
the  s i ze  o f  t he  sma l l es t  de tec tab le  de fec t s .  One
o f  t hese  i s  ca l l ed  back  sca t t e r i ng .  A  ce r t a i n
amount of  the energy f rom the incident  u l t rasonic
beam r¿111 be scat tered back to the t ransducer
because of  t lny indiv iduat  ref l -ect ions f rom the
grains or  character ls t ic  voids ln the mater ia l  in
wh i ch  i t  i s  p ropaga t l ng .  Th i s  r es l dua l  acous t i c
t ' no i se t r  ¡ ¡ 111  se t  a  l lm i t  on  t he  s l ze  o f  a  de fec t
than can be detected.  Graphi te is  a mater ia l
wh i ch  i s  pa r t l cu l a r l y  suscep t i b l e  t o  t h i s  p rob lem.
Another factor  l imi t lng the s ize of  detectable
f laws ís overat l  et tenuat l .on of  the ul t rasonic
beam. As the beam travels through the mater iaL,
i t s  s t r eng th  con t l nua l l y  dec reases ,  due  t o  beam
sp read lng ,  back  sca t t e r i ng ,  e t c .  Thus ,  t he  m in imum
de tec tab le  de fec t  l s  a  f unc t i on  o f  l t s  dep th  l n
the mater ia l -  and of  the scat ter ing and other at-

t enua t i ve  p rope r t i es  o f  t he  ma te r i a l  be i ng  i nspec ted .

Ano the r  f ac to r  a f f ec t i ng  response  1s  t he

na tu re  o f  t he  de fec t  ( vo i ds  o r  i ncLus ions ) .  The

s t reng th  o f  t he  re f l ec t l on  f r om a  de fec t  depends  on
the re lat ive acoust ic  impedances between the
medium and the defect ;  therefore,  more energy would

be ref lected f rorn a void of  a g lven s ize than f rom

an inclusion of  the same size because only a

po r t i on  o f  t he  ene rgy  i s  r e f l ec ted  f r om the
inclusíon ( the remaining energy t ravels into and
pas t  t he  i nc l us i on ) .

The  u l t ima te  c r i t e r i on  f o r  de fec t  r eso lu t l on

i s  i t s  s f ze  re l a t i ve  t o  t he  wave leng th  o f  t he
u l t r ason í c  pu l se .  As  a  r u l e -o f - t humb ,  a  f l ew  i s
cons ide red  t o  be  po ten t i a l l y  de tec tab te  i f  l t s

re lat ive di ¡nensions are no snal ler  than one-hal f
the wavelength of  the uLtrasonic wave passing

through the graphi te.

The  wave leng th  o f  an  u l t r ason i c  pu l se

traveLlng through a mater ia l  can be expressed

A S :

L = 1

where = wavelength
= f requency

Young rs  modu lus
dens  i t y
P o i s s o n t  s  r a t i o

of  the ul t rasonic wave can beThe  ve loc i t y
exp ressed  as :

c = L f -(r l

(3 )

Obviously,  the higher the f requency of  the

ul t rasonlc wave, the smal ler  the fLaw that  can be

detected.  However¡  as previously ¡nent ioned'
graphi te is  a híghI-y at tenuat ive mater iat  for

uL t rason i c  ! ¡ aves .  The  a t t enua t i on  i s  s t r ong l y
dependent on the f requency;  the higher the f re-
quency,  the more at tenuatLve graphi te becomes.

These  a t t enua t i on  p rope r t i es  o f  g raph i t e  l im i t

the upper f requency lühich can be used for  adequate
penetrat lon;  thus,  l imi t tng the mLnimum detectable
f l aw  s i ze .

An exper iment r tas devised in order to

determÍne l f  any correlat lon exists between the
g ra i n  s t r uc tu re  ( s i ze )  and  t he  reso tu t i on  o f
de tec tab te  f l aws  i n  g raph i t e  us i ng  u l t r ason l c

techniques.  Six grades of  graphi te ¡ . ¡ere selected
for  th ls exper lment] '  The graln structure ranged
from moderately coarse to f lne-grain.  Each grade

of graphi te was machined lnto a 1|r  x  zt t  x  6t l
t es t  b l ock ,  and  a  se r i es  o f  seven  ce l i b ra t i on
holes were dr i l led on one end and one s ide of
each  t es t  b l ock .  The  ho les  r anged  f r om 0 .0135
inches  i n  d i ame te r  t o  0 .2010  i nches ,  and  we re  ap -
p rox ima teLy  one -ha t f  i n ch  deep .

These  ca l i b ra ted  t es t  b l ocks  we re
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: , ) s e q u e n t l y  t e s t e d  u s i n g  u l t r a s o n i c  t e c h n i q u e s .
l : e  ma te r i a l s  w í t h  coa rse r  g ra i n  s t r uc tu re  exh ib i t ed
- - ' r e  back  sca t t e r  and  l t no i se r t ,  l i r n i t i ng  t he  re -
; r l u E i o n  o f  t h e  s m a l l e s t  d e t e c t a b l e  f l a w  s i z e .
l - . e  f i ne r  g ra i n  ma te r i a l s  showed  l ess  back  sca t t e r ,
¡¿ re  l ess  a t t enua t i ve  t o  uL t rason i c  waves .  and
; : a 1 l e r  d e f e c t s  c o u l d  b e  d e c t e c t e d .
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