
PIEZORESISTANCE OF

D . B .  F i s c h b a c h
Depar tment  o f  M in ing ,  Meta l lu rg ica l  &  Ceramic  Eng ineer ing

A few s tud ies  on  the  change o f  e lec t r i ca l  res is tance
R o f  carbon f ibers  w ' i th  app l ied  s t ress  have been re -
por ted  (1 -3)  fo r  f ibers  f rom PAN,  us inq  res is tance
br idoe techn ioues .  Res is t i v i t ies  f  were  conf i rmed to
be h igh  and found to  be  no isey ;  R increased w i th  ten-
s i le  s t ra in ,  exceDt  fo r  the  h iqhes t  modu lus  f ibers
where  i t  decreased;  chan5res  were  la roe ly  revers ib le ;
and the  resu l ts  were  exp la ined in  te rms o f  con tac t
res i  s tances  w i  th  i  n  the  subs t ruc ture ,  w i  th  emphas i  s  on
P increases  (2 ) .  The p iezores is tance charac ter is t i cs
are being furthel i  nvest igated as part  of  a study'  by
both  e lec t r j ca l  and dynamic  mechan jca l  ( to rs ion  pen-
du lum)  techn iques ,  o f  the  mic romechan ica l  behav io r  o f
c a r b o n  f j b e r s .  P r e l  i m i n a r y  r e s u l t s  o f  a n  i n j t j a l  s u r -
vey of the behavior of f ibers from rayon and anisotro-
p ic  (mesophase)  p i tch  as  we l I  as  PAN are  descr jbed.

I n d i v j d u a l  f i b e r s , - 5  c m  1 o n g ,  w e r e  a t t a c h e d  w j t h
g lue  and s i ' l ve r  pa in t  to  a  mic rometer  head/ca l ib ra ted
f l e x u r e  s p r i n g  t e n s i l e  s t r e s s i n g  d e v i c e .  T h e  r e s i s -
tance was measured w i th  a  p rec is ion  po ten t iometer  and
h igh  impedance nu l l  de tec tor /ampl  i f ie r  feed ing  a  re -
corder .  In i t ia l  l y ,  the  cur ren t  th ru  the  f iber  was
k e p t  v e r y  

' l o w ,  1 0 . 5  l l A ,  t o  m i n i m i z e  p o s s i b 1 e  l o c a l i z e d
heat ing  e f fec ts .  Tes ts  s t j l l  i n  p rogress  ind ica te
tha t  Ohm's  law is  obeyed fo r  cqr ren ts  up  to  15-20 ¡A
(cur ren t  dens i t ies  to !40  A lcn?)  fo r  bo lh  s t ressed and
u n s t r e s s e d  f i b e r s ;  b u t ^ n o j s e ' l e v e l s  t e n d  t o  j n c r e a s e
great ly  above -15  A. /cn¿,  and there  is  inc reas ing  r i sk
o f  j r revers ib le  R changes a t  h igher  leve ls .  Measure-
ments have been made on PAN-based f ibers (Hercules
A-S, HT-S, HM-S) ancl f ibers from rayon (T-11 thru
T-100)  and an iso t rop ic  p i tch  (AP-27 -  AP-53)  f rom
Union Carbide. SEM cross sect ion area measurements
on f jbers  f rom the  same batch ,  and ba tch  e las t i c  mod-
u lus  va ' lues  E f rom the  supp l ie rs  were  used to  compute
nomina l  tens i le  s t ra ins  €  f rom the  measured loads .

The resu l ts  a re  shown in  F ig .  1  where  the  percent
change in  res is tance is  p lo t ted  aga ins t  tens i le  s t ra in
and the numbers by the curves are E in Mpsi.  The low-
s t r a j n  b e h a v i o l i s  q u a l  i t a t i v e l y  s i m i l a r  f o r  t h e
three  f jber  types ,  and cons is ten t  w i th  tha t  repor ted
f o r  f i b e r s  e x - P A . N  ( t - g ) :  T h e  s l o p e  S ' i s  p o s i t i v e  f o r
f i b e r s  w i t h ' l o w  E  ( a n d  H T T ) ,  d e c r e a s e s  w i t h  i n c r e a s -
ing  graph i t j za t ion  and becomes negat ive  fo r  the  most
graph i t i c  h igh  E f ibers .  However ,  fo r  f ibers  ex-  ho t
stretched rayon, and ani sotropi c pi  tch, wi th Ei 50 Mps i
ds /d€  >0 and S)0  fo r€)O.2%.  The s t ra in  gage equa. ,
s  =  d /d€(AR/R¡ )=  (1  +  2ü)  +  d /d€(A 9 /3" ) t  re ta tes  the
p iezores is tance to  separa te  geomet r ica l  (e longat ion
p lus  Po isson cont rac t jon)  and res ' i s t i v i t y  te rms.
P o i s s o n  r a t j o  v a l u e s  i n  t h e  r a n g e  0 . 1 5 + i +  0 . 4  h a v e
lcen repor ted  fo r  f ibers  (4 ,5 ) .  Then a t  low s t ra ins
A 9 < O  t ó r  S <  1 . 3  t o  1 . 8  d e p e n d i n g  o n  f i b e r  t y p e .  I n
F i g .  1 ,  S Y  1 . 3  f o r  t h e  e x - r a y o n  5 0  M p s i  f i b e r  a n d
Y 1 .8  fo r  the  35  Mps i  ex-PAN f iber .  However ,  ' i n  the
more  graoh i t i c  f ibers  A f  reverses  s iqn  w i th  inc reas-
i n g  €  a n d  c a n  d e v e l o p  h i g h  p l u s  v a l u e s  a t  h i g h  s t r a i n' I  eve ls .

Res js t i v i t y  changres  thus  appear  to  dominate  the
p i e z o r e s i s t a n c e  b e h a v i o r ,  a n d  t h e i r  o r i g i n s  m u s t  b e
sought  p r imar i  l v  in  the  f ib r i l l a r  subs t ruc ture  o f  the
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f ibers .  Tens i le  s t ra iqh ten ino  o f  s tacked la .yer - r ibbon
micro f ib r i l s  may cont r jbu te  d i rec t l . y  to  the  res is -
t i v j t y  decrease;  bu t  the  in f luence o f  s t ra in -sens j t i ve
i n t e r n a l  c o n t a c t  r e s i s t a n c e s  i n  a  f i b r j l l a r  s e r i e s /
para l le l  ne twork  seems more  impor tan t  (2 ) .  Dynam' ic
to rs iona l  s t i f fness  inc reases  w i th  tens i le  s t ress  in
g r a p h i t i z e d  f i b e r s  ( 6 ) ,  s u g g e s t i n g  i n c r e a s e d  c o u p l  i n g
between ad jacent  f ib r i l s  due to  s t ra igh ten ing  and
P o i s s o n  c o n t r a c t i o n .  T h i s  w o u l d  a l s o  r e d u c e  p a r a l 1 e 1
contac t  res is tances ,  decreas ing f  .  However ,  h igh
tens i le  s t resses  w i l l  tend  to  open ser ies  contac ts
between f ib r i l  ends  and may account  fo r  the  res is t i -
v i t y  inc rease a t  h igher  s t ra ins .  Shor te r  con t inuous
f ib r i l  leng ths  migh t  be  expec ted  fo r  f ibers  f rom an i -
sotrooic pi tch and hot-stretched rayon than for ex-
PAN f ibers .
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F i g .  1 .  R e s i s t a n c e  c h a n g e  a s  a
s t ra in  f o r  some  reo resen ta t i ve
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func t i  on  o f  tens i  I  e
carbon f ibers .


