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F i g ,  3 - - G r a i n  s i z e  d e p e n d e n c e  of  s t e a d y  s t a t e  s t r a i n  r a t e  f o r  
an austenitic iron-base alloy tested at 997 K showing the ef- 
fect of s t ress  on the observed behavior. (Garofalo, Domis, 
and yon GemmingenS). 

in g ra in  s ize  for  these  da ta  a s  owing to the con t r i bu -  
t ions  of Coble c r e e p .  However ,  s ince  the ac t iva t ion  
e n e r g y  for  c r e e p  was independent  of g r a i n  s i ze  and 
g r e a t e r  than Qgbd and s ince  the s t r e s s  dependence  for  
c r e e p  at  the s m a l l e s t  g r a i n  s i ze  i nves t i ga t ed  was much 
g r e a t e r  than 1, the i n c r e a s e  in s t r a i n  r a t e  cannot be 
due e n t i r e l y  to Coble c r e e p  and mus t  be con t ro l l ed  in 
p a r t  by  the e f fec t s  of a c c o m m o d a t e d  g r a i n  bounda ry  
s l id ing .  It should be  noted that  it  is  i m p o s s i b l e  to c o m -  
p a r e  t hese  da ta  d i r e c t l y  to Eq. [7] b e c a u s e  t h e r e  is  no 
independent  e x p r e s s i o n  for  ~gbs in th is  a l loy .  

T h e r e f o r e ,  i t  is  concluded that  the i n c r e a s e  in s t r a i n  
r a t e  with d e c r e a s e  in g r a i n  s i ze  i s  due ma in ly  to the 
con t r ibu t ions  of a c c o m m o d a t e d  g r a i n  bounda ry  s l id ing  
to the to ta l  s t r a i n ,  with con t r ibu t ions  of d i f fus ional  
c r e e p  impor t an t  only for  v e r y  s m a l l  g r a in  s i z e s .  Ad-  
d i t iona l ly ,  it  is  shown how m e a s u r e m e n t s  of the s t r e s s  
dependence  and ac t iva t ion  e n e r g y  for  c r e e p  as  a func-  
t ion of g ra in  s i ze  can be  used  to a id  in i n t e r p r e t a t i o n  
of the  o b s e r v e d  g ra in  s i ze  dependence  of the s t eady  
s t a t e  s t r a i n  r a t e .  F ina l ly ,  the  t e m p e r a t u r e  at  which 
the inves t iga t ion  of the  g r a i n  s i ze  dependence  of the 
s t e a d y  s ta te  s t r a i n  r a t e  is  p e r f o r m e d  wil l  con t ro l  the 
r e l a t i v e  magni tudes  of ~g a n d  Egbs and, thus,  wi l l  con-  
t r o l  the s t r e s s  and t e m p e r a t u r e  dependence  of a p o r -  
t ion  of the o b s e r v e d  da ta .  

This  work  was suppo r t ed  by  the A tomic  E n e r g y  C o m -  
m i s s i o n ,  M e t a l l u r g y  Branch ,  th rough  c o n t r a c t  number  
AT (04-3) 326 -PA-17 .  D. K. Mat lock  wishes  to e x p r e s s  
h is  a p p r e c i a t i o n  to the Nat ional  Science  Foundat ion for  
i t s  suppor t  through an NSF T r a i n e e s h i p  at  Stanford.  

1. A. K. Mukherjee, J. E. Bird, and J. E. Dorn: Trans. ASM, 1969, vol. 62, p. 155. 
2. O. D. Sherby and P. M. Burke: Progr. Mater Sci., 1967, vol. 13, p. 325. 
3. C. R. Barrett, J. L. Lytton, and O. D. Sherby: Trans. TMS-AIME, 1967, vol. 

239, p. 170. 
4. W. R. Johnson, C. R. Barrett, and W. D. Nix: Met. Trans., 1972, vol. 3, pp. 693- 

99. 
5. F. Garofalo, W. F. Domis, and R. yon Gemming�9 Trans. TMS-AIME, 1964, 

vol. 240, p. 1460. 
6. P. Shahinian and J. R. Lane: Trans. ASM, 1953, vol. 45, p. 177. 
7. D. Hanson: Trans. AIME, 1939, vol. 133, p. 15. 
8. E. R. Parker: Proc. ASTM, 1960, vol. 60, p. 1. 
9. F. R. N. Nabarro: Phil. Mag., 1967, vol. 16, p. 231. 

10. C. Herring: J. Appl. Phys., 1950, vol. 21, p. 437. 
11. R. L. Coble: J. AppL Phys., 1963, vol. 34, p. 1679. 
12. J. Weertman: Trans. ASM, 1968, vol. 61, p. 681. 
13. D. K. Matlock andW. D. Nix: Met. Trans., in press. 
14. O. D. Sherby: Department of Materials Science and Engineering, Standord 

University, Stanford, Calif. 94305, Private Communication, 1972. 
15. H. E. Evans: Scr. Met., 1968, vo[. 2, p. 157. 

Observation of Stacked Layers of 
Twins and E: Martensite in a 
Deformed Austenitic Stainless Steel 

L. REMY AND A. PINEAU 

The twinning of fcc aus t en i t e  and the fcc ~ hcp m a r -  
t ens i t i c  t r a n s f o r m a t i o n  a r e  c r y s t a t l o g r a p h i c a l l y  v e r y  
s i m i l a r .  In aus ten i t e ,  twins and hcp m a r t e n s i t e  (e) can 
be  f o r m e d  r e s p e c t i v e l y  by the s u p e r p o s i t i o n  of s t ack ing  
faul t s  e i t h e r  on e v e r y  (111) p lane  o r  e v e r y  second  (111) 
p lane .  Seve ra l  m e c h a n i s m s  have been  p r o p o s e d  for  the 
f o r m a t i o n  of twins  and �9 m a r t e n s i t e .  Among them,  the 
pole m e c h a n i s m  is  wel l  known (see  Ref.  1 for  twinning 
and Refs .  2 to 4 for  the �9 phase ) .  In th is  s h o r t  c o m m u -  
nicat ion,  we would l ike  to r e p o r t  the r e s u l t s  of an ob-  
s e r v a t i o n  which does  not suppor t  the pole  m e c h a n i s m .  

T h e  E d t e m p e r a t u r e  was p r e v i o u s l y  d e t e r m i n e d  in 
s t a i n l e s s  type compos i t i ons  and C o - N i - C r - M o  a l loys ,  s'6 
E d i s  def ined as  the m a x i m u m  t e m p e r a t u r e  at  which the 
fcc ~ hcp phase  t r a n s f o r m a t i o n  can be induced by p l a s -  
t ic  d e f o r m a t i o n  in p o l y c r y s t a l l i n e  t e n s i l e  s p e c i m e n s  b e -  
f o r e  necking.  Jus t  below the E d t e m p e r a t u r e ,  compos i t e  
bands  f o r m e d  by  s t acked  l a y e r s  of < p l a t e l e t s  and twins  
were  o b s e r v e d  in these  a l l oys .  

F ig .  1 shows such a band in a Fe -18  C r - 7  Ni-0 ,  18 C 
s t a i n l e s s  s t e e l  and the a c c u r a t e  d e t e r m i n a t i o n  of the 
d i f fe ren t  p h a s e s  in the band.  In th is  a l loy ,  the t e m p e r -  
a t u r e  M s at  which the spontaneous  ~ ~ a '  phase  t r a n s -  
f o r m a t i o n  t a k e s  p l a c e  i s  190 K; the t e m p e r a t u r e  E s at  
which the spontaneous  ~ - -  �9 m a r t e n s i t e  t r a n s f o r m a t i o n  
o c c u r s  is  ~> 300 K. 7 The t e m p e r a t u r e s  be low which the 
y ~ ~ '  and y ~ �9 t r a n s f o r m a t i o n s  a r e  induced by p l a s -  
t ic  de fo rma t ion  a r e  M d (y  ~ ct ' )  ~- 360K and E d (y  ~ �9  
-~ 420 K r e s p e c t i v e l y .  This  s t e e l  was d e f o r m e d  (E = 20 

.pct) a t  380 K, i . e . ,  between  M d and E d .  The t r a n s f o r -  

L. REMY and A. P INEAU are wi th  the Centre  des Mat6riaux de 
l 'Ecole  des Mines de Paris, 91-Corbeil-Essonnes,  France. 
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Fig. 1--Eleetron microscope analysis of a band of twins and c-platelets: a), b), e), d) dark field images with diffraction spots 1, 
2, 3, 4; e) diffraction pattern (electron beam parallel to [li0]~); f) schematic drawing of the fine structure of the band. 

mation band and its di f f ract ion pat tern  a re  shown in 
Fig. l(a) (dark field image of the matr ix)  and Fig. l(e).  
In Fig. l(e),  the diffract ion pa t te rns  of the austenite,  
the twins and e mar tens i t e  a re  identified. Dark field 
images  obtained f rom diffract ion spots 2, 3 and 4 a re  
shown respec t ive ly  in Fig.  l(b), (c), and (d). They dif-  

fe rent ia te  between twins and e pla te le ts .  Fig.  l ( f )  is 
a schemat ic  drawing of the di f ferent  phases  and shows 
unambiguously that the band obse rved  in Fig.  l(a) is 
fo rmed  by the s tacking of p la t �9  of matr ix ,  twins 
and e mar tens i te ,  with in te rmedia te  reg ions  of a l t e r -  
nate twins and �9 p la t �9  
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It is  doubtful that  such a c o m p o s i t e  band could r e s u l t  
f r o m  pole  m e c h a n i s m s .  Di f fe ren t  po le  d i s l oca t i ons  
would be n e c e s s a r y  for  the f o r m a t i o n  of twins and e 
m a r t e n s i t e .  The dens i t y  of t h e s e  d i f f e ren t  po l e s  in a 
thin band such as  o b s e r v e d  would have to be high. M o r e -  
ove r ,  the a r r a n g e m e n t  of t he se  po le s  would have to be 
such that  the twins  and E p l a t e l e t s  could be s t acked  
upon each o the r .  The au thors  fee l  that  t he se  compos i t e  
s t r u c t u r e s  could be  m o r e  e a s i l y  exp la ined  by  i n t e r s e c -  
t ion o r  c r o s s - s l i p  m e c h a n i s m s  such a s  those  p r o p o s e d  
by  Cohen and W e e r t m a n  for  twinning s and Fu j i t a  and 
Ueda for  E m a r t e n s i t e .  9 
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A Geometrical Construction 
Method of Determining 
Orientation of Grain Surfaces 
from {111} Traces 
H. S. FONG 

{111} t r a c e s  o c c u r  f r equen t ly  on s u r f a c e s  of m e t a l  
g r a i n s  of cubic  l a t t i c e  s t r u c t u r e  a s  twin bounda r i e s ,  
s l ip  l ines ,  Wldmans t a t t en  s t r u c t u r e ,  and so for th ,  and  
s e r v e  as  a r e a d y  m e a n s  of ident i fy ing the c r y s t a l l o -  
g raph ic  o r i en t a t i on  of the g ra in  s u r f a c e s .  This  may  be 
done by  ca lcu la t ion  ( p r e f e r a b l y  with c o m p u t e r s  as  the 
m a t h e m a t i c a l  equat ions  a r e  complex)  d e r i v e d  f r o m  the 
t r e a t m e n t  of Draz in  and Otte I o r  of Fong;  2 o r  r e f e r e n c e  
m a y  be  made to p r e v i o u s l y  p r e p a r e d  c h a r t s  o r  t ab le s  
such as  those  of Takeuchi ,  Honma, and lkeda  s and 
Draz in  and Otte.  4 If c o m p u t e r s ,  c h a r t s ,  and t ab l e s  a r e  
not  ava i l ab le ,  one m a y  adopt  the manua l  g raph ic  t e c h -  
n iques  d e s c r i b e d  by  B a r r e t t  5 and R e e d - H i l l  and Bald-  
winfl  Both these  techniques  involve a t r i a l  and e r r o r  
p r o c e d u r e  and wil l  not g e n e r a l l y  be r e g a r d e d  to be 
e a s y .  In each s tep  of the  t r i a l  and e r r o r  p r o c e s s ,  which 
c o n s i s t s  of a ro t a t ion  of po l e s  about  a Wulff net ax is ,  
a t ten t ion  has  to be pa id  to the  d i s s i m i l a r  movemen t s  of 
four  po les  a long g e n e r a l l y  d i f f e ren t  l a t i tude  l ines  of the 
Wulff net.  Judgment  has  subsequen t ly  to be made  as  to 
whe the r  each of these  po le s  has  moved  to c e r t a i n  c o r -  
r e c t  loca t ions .  The p u r p o s e  of th is  p a p e r  is  to p r e s e n t  
a g e o m e t r i c a l  cons t ruc t ion  method which wil l  be found 
l e s s  taxing to app ly  than the methods  d e s c r i b e d  by  
B a r r e t t  and R e e d - H i l l  and Baldwin.  This  p r o c e d u r e  
d e m a n d s  in each s tep,  aga in  of a t r i a l  and e r r o r  p r o -  
c e s s ,  only the r e a d i l y  made  judgment  of whether  a 

H. S. FONG is Lecturer in the Faculty of  Engineering, University o f  
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Fig.  1 - - T h e  g r a i n  s u r f a c e  QRS with  t r a c e s  
duced  by {111} p I a n e s  RQT, SRT, and QST. 

QR, RS, and SQ p r o -  

c e r t a i n  e a s i l y  ident i f ied  length BA o is  equal  to a c e r -  
ta ln  length c o r  not.  

T h r e e  {111} t r a c e s  of d i f fe ren t  d i r e c t i o n s  on a g r a i n  
su r f a c e  may  be imag ined  to fo rm a t r i a n g l e  QRS of 
s i d e s  a,  b, and c in length a s  shown in Fig .  1, Th is  f ig -  
u re  a l so  shows the {111} p l anes  QST, SRT,  and R Q T  which 
have p roduced  these  t r a c e s .  The o r i en t a t i on  of the 
g r a i n  su r f a c e  QRS wil l  be given by  the lengths  q, s ,  
and r of QT, ST,  and R T .  

T h e r e  a r e  four  a r r a n g e m e n t s  of the {111} p lanes  
which f o r m  the p y r a m i d  QRST in Fig .  1 which we sha l l  
r e f e r  to a s :  

A r r a n g e m e n t  I: 
A r r a n g e m e n t  H: 
A r r a n g e m e n t  IT[: 

ZQTS,  Z S T R ,  and Z R T Q  a r e  a l l  60 ~ 
Z Q T S  = 60~ 2 S T R  = Z R T Q  = 120 ~ 
Z R T Q  = 600; Z Q T S  = Z S T R  = 120 ~ 

A r r a n g e m e n t  IV: Z S T R  = 60~ Z Q T S  = Z R T Q  = 120 ~ 

The g e o m e t r i c a l  cons t ruc t i on  method c o n s i s t s  f i r s t l y  
of cons t ruc t i ng  two c i r c l e s  of r a d i i  a and b with c o m -  
mon cen t e r  C and l ine X X '  through C a s  i l l u s t r a t e d  in 
F ig .  2(a) where  a has  been  taken to be  g r e a t e r  than b. 
C o n s i d e r  now a l ine  YY '  at  60 ~ to X X '  and i n t e r s e c t i n g  
X X ' ,  the s m a l l e r  c i r c l e ,  and the l a r g e r  c i r c l e  a t  P ,  A, 
and B r e s p e c t i v e l y .  C o n s i d e r  a l s o  a point  A o on X X '  
such t h a t / A o A P  = 60 ~ so that  A o P  = AP .  C l e a r l y  the 
t r i a n g l e s  ACP,  and CBP, and B A o P  wil l  f o rm  a p y r a -  
mid  A o B C P  if s ide  CP of the t r i a n g l e  A C P  is  jo ined  to 
s ide  CP of t r i a n g l e  CBP,  s ide  BP of t r i a n g l e  C B P  is  
jo ined  to s ide  B P  of t r i a n g l e  B A o P  , and s ide  A o P of 
t r i a n g l e  B A o P  is  jo ined  to s ide  A P  of t r i a n g l e  A C P .  
This  p y r a m i d  wil l  be l ike  QRST in F ig .  1 for  A r r a n g e -  
ment  I of {111} p lanes  (with c o r n e r s  Ao, B, C, and P 
c o r r e s p o n d i n g  to Q, R, S, and T r e s p e c t i v e l y )  except  
that  the t r a c e  t r i a n g l e  AoBC in th is  c a se  wi l l  have s ide  
lengths  a, b, and BA o ( ins tead  of c). The length BA o 
wil l  depend on the loca t ion  of A on the s m a l l e r  c i r c l e .  
By loca t ing  A at  M in i t i a l l y  and then l e t t ing  A p r o g r e s s  
g r a d u a l l y  t o w a r d s  L (L i s  given b y / X ~ L  = 60 ~ BA o 
will  a s s u m e  a l l  p o s s i b l e  lengths  c ons i s t e n t  with the 
t r a c e  t r i a n g l e  AoBC having two o ther  s ides  of lengths  
a and b. If a point  i s  found for  A on the s m a l l e r  c i r c l e  
fo r  which BA o = c then the a s s o c i a t e d  lengths  A o P  , 
CP,  and B P  should give q, s ,  and r in F ig .  1. 

Thus having c o n s t r u c t e d  the c i r c l e s  of r a d i i  a and b 
one p r o c e e d s  to obtain o r i e n t a t i ons  under  A r r a n g e m e n t  
I by f inding the loca t ion  o r  loca t ions  of the l ine  YY '  for  
which BA o = c .  This  can be  done qu ick ly  in s i m p l e  ways  
using fo r  e xa mp le  a 60 ~ t r i a n g l e  and a r u l e r  to help  d e -  
t e r m i n e  the s u c c e s s i v e  pos i t i ons  of P ,  A, B, and A o and 
a d iv ide r  to check whether  BA o = c .  A v e r y  s a t i s f a c t o r y  
method i s  to c o n s t r u c t  the c i r c l e s  on t r a c i n g  p a p e r  and 
then to s u p e r i m p o s e  this  on another  p a p e r  on which have 
been  r u l e d  two se t s  of p a r a l l e l  l ines  60 ~ to each  o the r .  
One se t  of l ines  s e r v e s  to help  the v i sua l  loca t ion  of 
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