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Abs t rac t .  Theo re t i ca l  equa t i ons  f o r  p red i cc i on  o f  t he  res i dua l
s t r esaes  i n  r ad la l ,  hoop  and  l ong i cud ina l  d i r ec t i ons  we re
de r i ved  f r on  l i nea r  e l as t l c i t y  f o r  f l be r s  r r h i ch  have  a  pe r f ec t
on lon  sk i n  o r  co re / sheach  sc ruc tu re .  Co re /ehea th  ¡ ¡ ode l  ca l cu l a -
t lons predicted the üagni tude of  the longi tudlnal  st resg
observed in PAN beee carbon f ibere exper lnental ly ,  No theoret ical
solut lon of  reeidual  st reaa t les found for  a spoke symetry
carbon f iber.

The ¡heoret ical  equat lons for  residual  st resees
ln carbon f ibers nhlch have:  l )  an onlon-ekin
or 2)  a skin-core nl -crostructure ere der i .ved.
The  rad ia l - spoke  ú i c ros t r uc tu re ,  o f t en  obge rved
in  p i t ch  p recu rao r  f i be r s ,  cou ld  no t  be  ¡ r ode led
because  o f  a  s i ngu la r i t y  a t  t he  cen te r  o f  t he  f i be r .

The equat i .ons for  a stresa at  any poinE
in a f iber due to anisotropic thernal  concract ion
upon cool ing down fron processlng tempereture
can be developed based on the fo l lorr iog assumpt ions!
1)  the ueter i¿ l  is  cont inuous and obeys l looke'e
Law ,  2 )  The  Young re  nodu l i  and  Po l sg ion rg  r a t l og
are tndependent of  teuperature,  and 3)  the problen
can  be  t r ea ted  as  a  gene ra l  p l ane  e t r a i n  s t a te .
The product  of  the coef f ic fents of  expansion
and the t f , ,mperature change 1s d€noted by the
s t ra i ne  e i  f o r  t he  hoop  ( i =8 ) ,  r a¿ ia l  ( 1= r )  and
ax ia l  ( i - z )  d i r ecE ions .  Cons ide r  an  e l emen t
o f  t he  cy l i nde r  w i l h  t he  s t r esses  ac t i ng  on  l t s
p r i nc i pa l  p l anes  due  t o  an láo t rop i c  t he rma l  con t rac -
t i .on as shown in Ftg.  l .  A general  equat lon
fo r  t h i s  case  l s  de r i ved  as  f o l l ows :
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Fig.  l ,  Elenent of  the cyl inder.

A) Equatlons of equl l ibr iun for cyl indrlcal
coordloates wfth pri-nclpal stressesIl ]  :
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The axla l  s t ress (o")  and hoop stress (or)

can be expressed in Een¡s of  radla l  s t ress (or)

and l ts  der ivacives and the naler ia l rs propert les.

Subscl tut ing (5)  and (6)  lnco eq (4a),  a second

order d i f ferent la l  equacion is  obEafned as fo l lor¿s:
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and  t he  bounda ry  cond i t l on  f o r  eq .  ( 8 )  a re  ag

fol lot ¡s ¡
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As shonn ln Fig.  3,  the hi8h compressive

hoop stregs on che surface r¡ i l l  cauge a crenulated

surface to foro on the f lber.  Both hooP and

radial  s t resges contr ibute , to the d€veloPment

o f  ax i a l  s t r ess  i n  t he  f l be r  t h rough  Po leson 'g

ra t l o  e f f ec t s ,  and  so  t hey  w i l l  a l so  be  conPress i ve

on  t he  su r f ace  and  t ens i l e  l ne i de  o f  t he  f f be r .

The radla l  s t ress rr l thfn the f iber r ¡ i l l  lnduce

rn i c roc racks  w i t h i n  i t ,  and  t he  s t r es8  re l l e f

due to cracklng reduces hoop, radia l  and longi tudlnal
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F ig .3 .  Res idua l  s t r esses  p ro f l l e s  f o r
perfect  onion skin nodel .

PAI{  precursor carbon f ibers are not  hornogeneouo

and e contr ibut lon f ron lnhomogenef¡y ¡nust  be

added  t o  any  homogeneoua  o r i en te t l on  9 t r e39 .

The scructure of  the f iber ig aasumed to be skln

and core.  Each of  chese conat i tuents i8 t reated

ae  hav lng  d l f f e ren t  g l ze  end  P roPe r t f es  (F i g .  4 ) .
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Fig.  4.  Paral1el  sPr ing rnodel '

The reeidual  st resd€s on the core and surface

of  the f lber,  est lnated f rom the paral le l  sPr ings

nodel  based on purely phyelcal  reasoning are

a s  f o l l o w s [ 4 ]  ¡
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By adding the contr ibut ion f roE homogeneous or lente-

t i on ,  t he  E t ress  i n  t he  su r f ace  l s  i n  be tween

.5  t o  . 65GPa  ( comp fess i ve ) .  S i nce  t h€  s t r ess

rel ieves due to microcrack fornat lon '  the residual

s t r ess  shou ld  be  nea r  t he  l owe r  l i n i t '  wh i ch

i s  ve r y  c l ose  t o  expe r imen ta l  va l ueg [5 ]  ( ' 35a ' 5  GPe) '
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vhere ro i8 the outs ide radius.

Solv ing Eq (8)  requires knoeledge of  the

var lat lon of  propert les ecro88 the dlaneter  of

the f iber.  Thie reduces to a managable level

o f  conp lex i t y  by  us i ng  a  s i np l l f i ed  mode l r  v i z "

a perfect  onion skln r0odel .  I t  is  assumed thet

the oater ie l  ie homogeneous¡ and ProPert le! ¡  are

a l l  cons tan ta  (F i g .  2 ) .  P roPe r t i es  a re  assumed

Eo  be  l hose  o f  py ro l y t i c  g raPh i t e  such  t ha t ¡
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Flg.  2,  Onion layers nodel .

Propert ies c loser to those that  n ight  be observed

in i ibers could be assumed, but  the s igns of

the stresses l tould noE change. The stresses

in  r ad ia l ,  hoop  and  ax i a l  d i r ec t i ons  can  be  so l ved

us ing  eq  (8 )  y i e l d i ng  t he  f o l l o r ¡ i ng  r e l a t i ons r
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