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The elast ic constants can be obtained by direct

mechanical neasurenents, resonant nethods, or f torn

son ic  ve loc i ty  neasure lnents .  Genera l l y ,  i t  i s  a  p ro j -

ect requir ing careful planning, sensit ive equipment,

sk i l led  tes t ing  and knowledgab le  eva lua t ion  to  der ive

the  e las t i c  cons tan ts  fo r  an  an iso t rop ic  na ter ia l
such as graphite, The purpose of this paPer is to
describe a iair ly sinple Procedure to easi ly and

accurately obtain the elast ic constants of graphite

using sonic velocity neasurements. This is accom-
pl ished by noting an addit ional degree of synmetry
in both nolded and extruded textures.

Sonic velocity measurernents direct ly yield the

s t i f fness  va lues ,  C¿ i i  bu t  the  compl iances ,  S¿ i ,  must

be  ca lcu la ted '  Us iñ"g  a i f fe ren t  t ransmi t t ing  c rys-

tals, both the longitudinal and the two shear wave

node velocit ies can easi ly be neasured' The general

method is to neasure the velocit ies in the z direc-

t ion, the axis of synnetry, and one of the normal

d i rec t ions ,  x  o r  y .  Th is  w i l l  d i rec t l y  y ie ld  four  o f

the  f i ve  e las t i c  cons tan ts  used to  descr ibe  e las t i c

defornation of a body with hexagonal synnetry with

one iso t rop ic  p lane.  In  the  pas t ,  i t  was  cons idered

necessary to deternine the velocit ies in one inter-

nediate direct ion to evaluate the f i f th constant
(Ct : ) ;  howevet ,  i t  w i l l  be  shown and denonst ra ted

that only the th¡o nornal direct ions are required'

This was found possible by observing that the shear

wave ve loc i ty  assoc ia ted  w i th  the  Ca, .  d id  no t  vary

with the angle of rneasurenent.

When plane hraves are propagated through a so1id,

the  Cr is to f fe l  ve loc i ty  equat ions  fo r  the  th ree
transnitted modes in an orthogonal coordinate system

a r e  a s  f o l l o w s : t

Equations (1) diagonalize when the r '¡ave propa-
gates  in  the  z -ax is  d i rec t ion  or  in  the  x -y  p lane '

For  the  f i rs t  case,  n  =  1 ,  n  =  l ,  =  0 ,  and
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0  c q q

0

with the obvious solut ions

I  z \ 2  - r  W ¡ 2  -
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where v! is a plane h,ave travel ing in the z direc-
t ion  an t l  po la r ized  in  the  z  d i rec t ion  ( i .e . ,  long i -
tudinal ly) ,  and tP is travel ing in the z direct ion
but  po la r ized  t ransverse ly  ( i .e . ,  shear  wave) .

In  the  second case,  in  wh ich  the  wave ve loc i ty
is  in  the  x -y  p lane,  because o f  cy l indr ica l  synnet ry ,
we nay take n = n = 0 and obtain
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r
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0 cuu -  pu i

the obvious solut ions
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w i th  the  same nota t ion  as  be fore .

Equat ions  (2 )  and (3 )  there fore  y ie ld
n e s s  c o n s t a n t s  c 1 1 ,  c a 3 ,  C q r + ,  a n d  c ¡ 2  f r o n
vant velocj-ty neasurements. I t  remains to
c r ¡ .

Consider a h¡ave propagating in the direct ion r

not lying in the x-y plane. Then n nay be taken as

zero and the secular deterninant becomes
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where  p  =  dens i ty  o f  the  so l id ,  v  =  ve loc i ty  o f  the

wave propagat ion ,  and the  l¿ ¡  a te . the .Cr is to f fe l
s t i f fnesses .  For  a  wave propagat ing  in  a  d i rec t ion

whose cos ines  are  { ,  rn ,  n  w i th  re fe rence to  a  Car te -

s ian  coord ina te  sys tem,  the  l i ;  take  on  the  fo l low ing

forn for a crystal of hexagonal (Dsh) synnetry:

f r r  =  . { , 2 c r ,  *  m 2 c 5 6  +  n 2 c 5 5

f r z  =  l , m  ( c r z  +  c e o )

f  l s  =  n . Q ,  ( c r ¡  +  c s s )

f z g  =  r y n  ( c t :  +  c , r , * )

f z z  =  f  r l

f  ¡ :  =  m 2 c q , *  +  n 2 c ¡ ¡

w i t h  c 5 s  =  c q q  a n d  c 6  s  =  I / 2 ( c l r  -  c l z ) '
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a shear wave. The
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In  g r .ncr l l  th t ' s t '  so l r r t  ions  w i  I  I  depent l  r rpon the
r l i l t c t i o n a l  c o s i n c s  t  ¡ n d  n .  I n  t h e  p r e s e n t  c ¿ s c
( s c ( .  l ; i g .  l ) .  t h c .  s h e - l l  r { ¿ r v e  v j , :  i s  f o u ¡ r d  e r n p i t . i c a l l y
no t  to  t l r .p r 'nd  on  the  cos  ine 's .  

'  
[ ]o r  the  spec ia l  c lses

i  =  t ) ,  r ' ] ] :  becomt 's  v l l t  ,  a t r . l  fo r  t l l e  casc  n  =  0 ,
v j , t  beco ines  v : ,  bo th- 'o f  wh ich  sa t is fy

- . 2
t - 1 1 \ '  |  =  i r l v  I  =  c' : :  ' . r '

o f  p (u f )  2  to  the  rne¿rsure< l  v¿r lucs  in  F ig .  2 .  Add i -
t iona l  con f i rna t ion  is  a lso  shown by  a  conpar ison  o f
son ica l l y  c le r ived  cons tan ts  to  va lues  ob ta ined by  the
s t r a i n  g a g e  t e c - h n i q u e s  i n  T a b l e  I .
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R o t a t i o n  f r o m  z  a x i s ,  d e g

F ig .  2 .  Long i tud ina l  Ve loc i ty  Measurements  as
a  Func t ion  o f  the  Ans le  o f  Rota t ion .

Tab le  I .  A  Cornpar ison  o f  E las t ic  Constan ts
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R o t a t  i o n  f r o m  z  a x i  s ,  d e g

F ig .  ] .  Shear  Ve loc i ty  l " feasurenents  as
t j o n  o f  t h e  A n g l e  o f  R o t a t i o n .

There fore  we may conc lude on  the  bas is  o f  the
for any I and n
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and  t he  assoc ia ted  l ong i t ud ina l  wave  beco rnes
1
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T h u s ,  t h e  v a l u e  o f  c l 3  c a n  b e  c a l c u l a t e d  f r o m
t h e  v a l u e s  o f  c 1 1 ,  c 3 3 ,  a n d  c q q .  A n d  a l l  f i v e  e l a s -
t i c  c rons tan ts  can be  ob ta ined f ron  rneasurenents  on ly
in  the  ax ia l  and one t ransverse  d i rec t ion .  Th is  i s
fu r ther  conf i rnec l  by  compar ing  the  ca lcu la ted  va lues

I t {  -  by  d i rec t  nechan ica l  tes t
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