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Prediction of Dimensional Instability Resulting from 
Layer Removal of an Internally Stressed Orthotropic 

Composite Cylinder 
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r e s u l t i n g  f rom a p p l i e d  ~s~res>.~ 

E,,. ]{'. M o d u t i  o f  e | a s t i c i l y  m r a d m [  ~an.- 

g e m i a t  a n d  a x i a l  d i r e c t i o n .  

P o i s s o n ' s  r a n o  R~r ~rans~erse  ~ u a m  

m m e  ~ d [ r e c n o n  w~len ~ r e s s e c  m 

t he  / d~rechcm 

L Introduct ion  

R e s i d u a l  q r e s s e s  a re  s e g ~ e q u i / i b r a ~ e d  m~ern.d 

s l resse -  m a c o m p o n e m  af ie r  fabr~cat/~m Fhe  

nol l  h o m o g e n e o u s  p las l ]c  d e l o r m a t l o n  d e v e i o -  

0ed  d u r i n g  m a n u f a c t u r i n g  c y t m d r m a ~  par~s ~s d3e 

m u m  c a u s e  o f  r e s i d u a l  sl:resses, R e s i d u a l  ~ re s ses  

a re  mos~ d r a m a t l ( a l l ~  o b s e r v e d  ~ a n y  ~hape 

c h a n g e  w h e n  ,, parr  o f  r e s i d u a l t ~  s t r e s sed  m a t e r i a l  

m r e m o v e d  by  m a c h i n i n g  

M e t h o d s  R~r m e a s u r i n g  r e s i d u a l  s~resscs lhl} 

u~3der t w o  nqa}or c a [ e g o r m s  d e s t r u c t i v e  a n d  n n 

d e s t r u c n v e .  D e s t r u c t i v e  are  ~he l a y e r  r e m o v a l  

me~hod the  sect ,  o r a t e  m e t h o d  and  {he h o l e  
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m w  h w  a m a ~ e r / a l  e x h i b h i ~ l g  c b m ~ a r ~ u a ~  ,r~H{~ 

H O D v .  

. . . . . . .  : ,  ...... g , _ e ' y  L "  

iUId {IIlhZllH2 '~liIC IIXII,]IIII}ICH IC XI[ 'IIII]  {Ip-~ IICC 

[~IPII{ FPI~I|hHI),. ~* FiidlilI r i n d  l~Xlll {[I~pIaCelq=~.~P 

of f f c  r e in ,min i  hod3 can be e, xDrel~sed .. 

b2; 
r 

u,  

[h~* ' ,  ( ~  " " (](,,) ~9:< 

c ( /  

Fig~ / S c h e m : t i c  d i a g r a m  R : :  i l i ~ s t f t f i n g  t h e  m ~ t e -  

ii I rcm<~,,d proccSSes  o f  t h e  o , t h o G o p i c  

01 [iVldei 

I l lel{~lor~ lhC []C\k {]}IY[}CFISIOl]S o I  {he t IHI{I{I 

IIIIC I{ ._,,1!I I'()I]1<)~.i~I "~ --= ~i~ I]~' \~III[I~F 

and ~hen as app!yh~g the ~cmoved axial %rcc, 
+ . . . .  

I { , ( h  ...... 1,,") laei at die end seeticm 0f the rcmah>, 

lng maa:dat where c;z,~ iS fl~e averaged axial 

residual st~:e>~ ~hrough the dAckrmss of  ~he re,- 

moved layer 7 b u s  d~e radial a,~d axial dis- 

piacemem, s o the rcmahiing body wOukI be eqwa<i 

to J~ose experie~ced by a r  with im~ee 

radh~s o~ e,'~ a~d o l t e r  radi:~s o f  bo std~jccted 

to a~ i,~erm,A press, ure o',,{~l:,,,e and a { a l  {b~ee 

The r ad ia l  m~d ta~ge~tiaI stresses r by 

the appi cafio~ o{ *he interpret pressmc D t o  t/~e 

c y E a d e  of a cyl%drica/ly oethotropic ma~er}ai 

a e  given by {Lek~r~ tsk{i e~ A .  i968) 

</) 

s .................. 

/e = ,V ~ where m d  (" ........... b~., ........ 

A~d the axa}  ~ r e s  d~e ~o the axia} force ea~ be 

given as 

t a?  a~,} ~%,, 
d . . . . . . . . . . . . . . . .  v3/ 

bo ...... I~-  

SuIsIII Iing Eq.< 1),, 121 m~t 13} h~to Hookc"  

L - ~ ,  _ 

~]d [e~ L~lh o~ H~o ~ hl]der al[r ~he la ~ 'r ~eH]o%a[ 

u,~ pccl ~%c~v. 

[[]e He\{ ~la~e ~ . 0~K{tla~ ~i~ m c . . . .  , ,  

, p p l i m a ~ C m  )~ m ] e r m ~ /  ~wts~ ,u re  ~ O~ " 

di~;H'ibtd ion. lhtm H~e -edis~ibutcd c~i<h, ml 

~[rcm.e~ h~ lhe [CFBa~HH~ c~ hBde~ ca~ ~c cx- 

3. Ana | } s i s  of  Layer  Removal  frcm~ ~he 

O~ter  Sur face  

|iota [bc oH~e~ H~ ~Ice 1o K:::}), SH]]Ha HI< 
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q=arotr , :~,~ c a n  be  g i v e n  by  ; 

. . . .  q 
Y 

a~ 
w h e r e  (s = b~ . 

T h e  ax ia l  s t r e ss  c a u s e d  b y  dan a p p l i c a t i o n  o f  t he  

r e m o v e d  ax ia l  % r o e  a~ t h e  a n d  o f  t he  c y l i n d e r  c a n  

be  e x p r e s s e d  a s ;  

2 :2 bo - b~ 
(J~- ,, ~&o ( I )  

T h e  r a d i a l  a n d  ax ia l  d i s p l a c e m e n t s  c a u  thel~ be  

g iven  by  

(16) 
E / b ~ - ; s  

I ~ Oor---bf > gZo 4 ~q  ggz == ............. { ....................... g .............. , 

k bl - an  
. . . .  (~7) 

} 

__ 

H e n c e  t he  n e w  i n n e r  o u t e r  r a d i u s  a n d  lengd~ o f  

~he c y l i n d e r  a f t e r  t h e  l a y e r  r e m o v a l  f r o m  t h e  o u t e r  

s u r l h c e  u p  to  r =: b~ c a n  be  writ~e~ a s  ; 

a = ao  ~" u,.i,.=.,,, (18) 

b =  b, + u,{~.~ (~9) 
L = Lo  + e,~ (20) 

T h e  r e d i s t r i b u t e d  r e s i dua ]  s t r e s s e s  in t h e  

r e m a i n i n g  m a t e r i a l  d u e  t o  t h e  ~aye> r e m o v a l  f r o m  

the  ou~er  s u r f a c e  c a n  a l so  b e  o b t a i n e d  by  u t iUz{ng  

t h e  Eqs ,  (10) ,  ( i ) ,  a~d  { i 2 ) ,  

4. Appl i ca t ions  

T h e  p r i n c i p l e  o f  tl:~e a n a l y s i s  is t h a t  t h e  resi~ 

d u a l  s t r e s s  d is t r ibu t ior~  i~ r e s u l t a n t  fo rces  a n d  

m o m e n t s  a t  ~he m a t e r i a I  r e m o v e d  p o s s e s s e s  ex.-. 

ac t iy  e q u a l s  ill m a g n i t u d e  a n d  o p p o s i m  in s ign  

to t h o s e  wi i i ch  c a u s e  t h e  d i m e n s i 0 ~ a l  c h a ~ g e s  o f  

d~e rest o f  m a t e r i a L  A ~ d  / > a n d  q in t h e  E q s  t ) ~  

(2~, ( t 3 ) ,  a~id ( I4)  c a n  be  eki~er p o s i t i v e  o r  

nega t ive :  T h e r e l b r <  ti le r e s i d u a l  s t r e s se s  in t h e  

a ~ a i y s i s ,  w h i c h  a r e  in  e q u i l i b r i u m ,  ca~  be  t evs i i e  

o r  c o m p r e s s i v e .  
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In  ~rac t ice ,  the  d e v e k m e a  eq tml~ons ,  in con,- 

. lunc~ion w i th  m e a s u r e m e m s  o~ r a d i a l  ~es)dual  

s t ress  a~ m e  l o c a t i o n  a t  {l~e m a c h i n e  p l a r m m g  

r a d m s  a n d  [he  a v e r a g e d  ax ia l  r e s i dua l  Mrea~ m 

t~e  m a ~ e r m l  r e m o v e d  can  b e  u sed  ~o g r a d e  [he 

m c ~ r ~ a d o n  p roce s s  o f  p r e c i s i o n  par~s. Al~h~,~gh 

~he ma te r i a l  was  a s s u m e d  to  be  e l a s t i ca l ly  a r r a n  

~roptc. the  d e v e l o p e d  e q u a t i o n s  c a n  a l so  be a p  

n l ied  for ~som~p~c n a t e r m l s  wi{h s o m e  m o d i f i c a -  

~ons in ma t e r i a l  p r o p e m e s  

/n  m~arna~ c o m b u s l ~ o n  e n g i n e s ,  c y l i n d e r  h n e r  

. ,arface ~s an  ~ m p o r t a m  w e a r D r o n e  8~ea De- 

g n i n g  t he  c > l i n d e r  l ine r  is o n e  o f  a r e a s  w h e r e  t he  

d e v e l o p e d  c~osed- f b r m  s o l u t i o n s  c a n  be  u t i h z e d  

A benef ic ia l  r e s i d u a l  s~ress s r am ca~  be  i m e r >  

r i o n M l v  i n t r o d u c e d  m {he c y l i n d e r  Hne~ in o rde r  

~o m m r o v e  ghe c } I m d e r  l iner  o e r l o r m a n c e  

C o m p r e s s i v e  h o o d  ces ldua l  mress  m Ule i n n e r  

~ r ~ 3 c e  a r ea  o~ ~he cy l i nde r  / r a m  ~'c, a ld  a e  ol 

~,~ r a m  ,- :, c r a c k  r e s i s t o r  a n d .  as  l ine r  wea l  

p r o g r e s s e s  t h e  n e w  ~ y H n d e r  Hne r  s u r f a c e  w o u l d  b 

d~sp laced  ra ther  i n w a r d  o r  o u t w a r d  d e n e n d ~ n g  

m a i n l y  on t he  r a d i a l  r e s i d u a l  s~ress p a ~ e r n  T h e  

i n w a r d  d ~ s r ) l a c e m e m  og ghe t u n e r  su r l~ce  o f  [ he  

c ? l i n d e r  l ine r  b r i n g s  a t }am ~he e~ec~ o f  d i m -  

{n i sh i~g  c v l i n d e r  l i n e r  w e a r  A e r i o r i  k n o w l e d g e  

o f  ~he r e d i s t r i b u t e d  r e s i d u a l  s~ress Da~ern  m the  

~:ylinder l iner  d u e  to  me  l iner  wea r  c a n  p lay  aH 

m~por~an ro le  in p r e ~ e s t i m m i n g  t h e  p e r l b r m a n c e  

o~ ~he c y l i n d e r  l iner  

Fur~ ~er a p p l i c a t i o n s  m a y  ~e f o u n d  m the  area  

o f  Z i r c a | o y  robes  o f  m, or~ho~rop~c m a t e r m l  {re.- 

quen t t>  u s e d  as  n u c l e a r  r e a c t o r  cores .  T h e  tortes 

a r e  / b r i ned  ~ ~be P i ige t  ~ r o l l i n g  r~rocess w h i c h  

leave.'. ;m tx l svmme~r /c  rmt t e rn  o f  r e s i d u a l  s [ r e s se s  

m {be robe .  ( ' o n ~ p o s i t e  m a m r i a l s  ( a b r i c a t e d  ~y 

H n p r e g n a ~ m g  f ibers  w o u n d  a r o m m  a m a n d r e l  

w t m  p o l y m e r i c  f i l ler  m a y  be  a >o ten t iM a r e a  o f  

~he a p p h c a ~ i o n  o f  t h e  r e su l t s .  

5. C o n d u s i o n s  

T h e  o~?ect  o f  fh is  smr ~,, ~o d e v e l o p  a 

m e ~ h o d o l ~ g y  o f  p r e d i c t i o n  o f  . l imensi~ma~ 

c h a  . . . . . . . . . . . . . . . . . . . . . .  n off r e s i d u a l  s t r e s s e s  d uc 

to H~e l a v e r  remow)~ ol  ,:~ c2eHndricM b a d :  

c o m a i n m g  a x ~ s y m m e t r m  rad ia l  ~ar',~:emiM and  
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axial  res idual  s t resses  T he  mate r ia l  was assumed 

to  be  cyl indr ica l ly  0 r t h o t r o p i c  b~ elast icky.  

[{ is  in te res t ing  to note  t ha t  i n  predic t fng  the 

d imens iona l  changes  due  to a•  m a t e d -  

al r emova l  ~he in i t ia l  radia l  i,esiduai stress a t  the  

rad ia l  po in t  {o which the mater ia l  removal  pro-  

cess is t o  be ex t ended  and  t he  averaged axial 

residual  stress ac ross  {he flaickness {o be  removed 

are r equ i r ed  except  mater ia l  prOper | ies .  T he  

results  of  th i s  s tudy are mo~e useful in cases where  

the  ini t ia l  res idua l  stress d i s t r i bu t ion  in  fl~e corn+ 

p o n e m  has  beech ob t ahm d  by a nondes t ruc t ive  

t e c h n i q u e  such  as the  n e u t r o n  di f f ract ion wi th  no  

informatior~ on  the  efRect o f  mater ia l  r e m o v a l  

ope ra t ion  on  the  d imens iona l  changes  and  the 

r ed i s t r i bmion  o f  res idua l  stresses in the  mae r i a~  

[n d~is s tudy  it was also assumed t h a t  the  re laxa-  

t ion  o f  d~e res idual  s~resses is a Enear ly  elastic 

process, if7 changes  o f  t h e  res idual  stresses give 

rise ~o plas t ic  g low the  so lu t ions  ob ta ined  in the  

s>.a{y a re  m:>t v a l i d  Hence,  ti~ture t u d y  shou ld  be  

dh'ected towards  ana lys i s  of  cases in  which  the 

~edis t r lbut ion o f  res idual  stress invotves  plas t ic  

de fo rma t ion  d u r i n g  the  removal  o f  m a t e r i a l  
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