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The influence of s tacking fault energy on the choice of deformat ion  m e c h a n i s m s  is cons idered .  
Expe r imen ta l  evidence is reviewed to d i s t ingu ish  between the poss ib le  m e c h a n i s m s  and a l i m -  
i ted ana lys i s  of c ry s t a l  ro ta t ions  is  pe r fo rmed .  It is shown that twinning,  penci l  glide, and the 
more  usua l  oc tahedra l  sl ip are  all  m e c h a n i s m s  which could be opera t ive  under  different  con-  
di t ions  of s tacking faul t  energy or t e m p e r a t u r e  but that even if only oc tahedra l  sl ip occurs  
s tacking fault  energy may affect s l ip ro ta t ions  by inf luencing the choice of operat ive slip sy s -  
t ems .  Using the s impl i fy ing  assumpt ion  that deformat ion  is  homogeneous,  and applying Bishop 
and Hi l l ' s  max imum work pr inc ip le  to der ive  poss ib le  combinat ions  of sl ip sys tems ,  a se t  of 
c r i t e r i a  a re  developed to indicate the inf luence of s tacking fault energy  on the choice f rom 
among the avai lable  sl ip sys t ems ,  and hence on sl ip ro ta t ions .  An e m p i r i c a l  method of r e l a t ing  
s tacking fault  energy to texture  is outl ined and the exper imen ta l  r e s u l t s  obtained by this  method 
a re  compared  with r e s u l t s  obtained by other  methods.  

D E F O R M A T I O N  tex tures  a r i s e  because  of the ro ta t ion  
assoc ia ted  with deformat ion  by shear  p roces se s ,  which 
is so f a m i l i a r  in the case of s ingle  and duplex slip ob- 
se rved  in single c rys t a l  p las t ic i ty .  If a shear  sys tem is 
defined by shear  plane n o r m a l  h and shear  d i rec t ion  u 
the ro ta t ion  axis h • u. The ro ta t ion  thus depends on 
the choice of shear  sy s t ems  which in tu rn  depends on 
m a t e r i a l  and or ien ta t ion  va r i ab l e s .  When deformat ion  
twinning is  an avai lable  shear  mode there  is ,  of course ,  
an addi t ional  r eor ien ta t ion ,  co r re spond ing  to m i r r o r  
imaging with r e spec t  to the twin plane.  

Exact  theor ies  of deformat ion  texture  development  
cannot  be formula ted  because  of the complexity in poly-  
c ry s t a l l i ne  p las t ic i ty ,  but r ea sonab le  approximat ions  
co r respond ing  to the upper  and lower bound theor ies  of 
po lyc rys t a l l i ne  p las t ic i ty ,  due to Taylor  I and Sachs, 2 
r e spec t ive ly ,  can be obtained. Ea r ly  theor ies  of the 
la t te r  type will  not be d i scussed  here ,  s ince it is con-  
s ide red  that the upper  bound theory  of Taylor  is  c lose r  
to rea l i ty .  In the upper  bound theory it  is  a s su me d  that  
each c r y s t a l  undergoes  the s ame  s t r a in  as the aggregate  
as a whole. 

In o rde r  to impose an a r b i t r a r y  s t r a in  the n u m b e r  of 
independent  va r i ab le s  defining the avai lable  de fo rma-  
tion m e c h a n i s m s  mus t  be g r e a t e r  than or equal to the 
number  of independent  components  of the s t r a in  t ensor .  
There  wil l  in genera l  be a n u m b e r  of va r i an t s  of a p a r -  
t i cu la r  shear mechanism available and it is also pos- 
sible for the deformation to be achieved by mechanisms 
of a number of different types. In a fcc crystal the se- 
lection of independent shear systems will be made from 
among twelve {111} (112) twin s y s t e m s  and twelve {111} 
(110} s l ip  sy s t ems .  If d i s loca t ions  can c r o s s - s l i p  
f ree ly  the slip may be r ega rded  as being on six {hhl}  
(110) s y s t e m s ,  this  co r re sponds  to the penci l  glide 
case.  

The p a r t i c u l a r  combinat ion f rom among the avai lable  
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modes will  be chosen to give the m i n i m u m  value of M in 

M = ct idTi /dE [ 1 ] 

where dYi  is the amount  of shear  on the ith shear  sys -  
tem and e i  is the ra t io  of the c r i t i ca l  r e so lved  shear  
s t r e s s  on the ith sy s t em to that on the f i r s t  sy s t em;  de  
may be taken to be the l a r ge s t  p r inc ipa l  s t r a in  r e s u l t -  
ing f rom shear  on the i sys t ems .  

In pr inc ip le  ~i  could be di f ferent  for each va r i an t  
f rom among the infini ty of poss ib le  shear  modes  rep -  
r e sen ted  by (111} (112) and {hhl}  (110) and the ap-  
proach adopted here  wil l  be to qual i ta t ively  examine  
the inf luence of m a t e r i a l  and p roces s  va r i a b l e s  on a i 
and hence on the choice of shear  modes and of shear  
ro ta t ions .  F i r s t  the expe r imen ta l  evidence concern ing  
the operat ive  deformat ion  modes  will  be rev iewed and 
a l a t e r  sect ion wil l  cons ider  the ro ta t ions  to be ex-  
pected f rom the d i f ferent  modes.  F ina l ly  the cont ro l l ing  
m e c h a n i s m s  of tex ture  development  wil l  be identif ied 
and the use of tex ture  m e a s u r e m e n t s  as in e m p i r i c a l  
method of s tacking fault  energy de t e rmina t ion  wil l  be 
desc r ibed  and some of i ts  appl icat ions  reviewed.  

I) EXPERIMENTAL EVIDENCE 

It has been recognized for some time that different 
fcc metals and alloys develop different deformation tex- 
tures but it was not realized until the work of Small- 
man 3 that there is a continuous transition in texture 
which can result from either alloy or temperature vari- 
ations. Mueller 4 redirected attention to the texture 
t r ans i t i on  which is  found in copper ro l led  at t e m p e r a -  
t u r e s  between 20 ~ a n d - 1 9 6 ~  and Hu and coworkers  s-~ 
have s ince shown that the texture  t r ans i t i on  is found in 
a wide var ie ty  of me ta l s  and al loys.  Fig.  1 is taken 
f rom the work of Hu et  a l f i  and i l l u s t r a t e s  the t r a n s i -  
t ion in copper.  These  same workers  S made the f i r s t  
obse rva t ions  of the texture  t r ans i t ion  c o r r e l a t i on  with 
s tacking fault  energy;  they showed that s i l ve r  and cop- 
per  both exhibit  a tex ture  t r ans i t i on  when ro l led  at dif-  
fe ren t  t e m p e r a t u r e s ,  and fur ther ,  that the tex ture  de-  
veloped co r re l a t ed  with the s tacking faul t  f requency as 
de te rmined  f rom X - r a y  l ine shift m e a s u r e m e n t s .  
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Fig. 1--(111 pole f igures  showing the t r ans i t ion  in tex ture  
obtained in e lec t ro ly t ic  copper  ro l led  96.6 pct a t  (a) 25~ 
(b) -80~ (c) -140~ and (d) -196~ (after  Hu and Good- 
manT). 

S m a l l m a n  and Green  8 and Haes sne r  9 found a s i m i l a r  
co r r e l a t i on  for the texture  t r ans i t i on  which occu r s  on 
a l loying copper and nickel .  This  type of e x p e r i m e n t a l  
co r r e l a t i on  led Hu ~~ to suggest  that s tacking fault  f o r -  
mat ion  p e r  se is  r e spons ib l e  for the texture  t r a n s i t i on ,  
while leading W a s s e r m a n n  ~ to his  twinning theory and 
D i l l amore  and Rober ts  ~2 to propose  c r o s s - s l i p  as a 
m e c h a n i s m  of impor tance .  

W a s s e r m a n n  and coworkers  ~3'~4 have produced c l ea r  
pole f igure  evidence of twin c r y s t a l s  being developed 
in ro l l ing  s i lve r  s ingle c r y s t a l s ,  thus showing c l ea r ly  
the impor tance  of twinning in low fault  energy me ta l s .  
Hu ~~ has produced,  in addit ion to the X- r ay  l ine shift  
ev idence ,  e lec t ron  m i c r o g r a p h s  which show e i the r  m i -  
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crotwins  or bundles  of s tacking faul ts  in a heavily ro l led  
C u - 4  pct A1 alloy,  indicat ing the impor t ance  of s tack-  
ing fault  fo rmat ion .  The impor tance  of c r o s s - s l i p ,  
identif ied f rom extens ive ly  wavy s l ip  by many workers ,  
has been denied only on the grounds  that  c r o s s - s l i p  is  
bound to happen; but, it should be cons ide red  here that 
c r o s s - s l i p ,  with the meaning  of connect ing  slip and 
c r o s s - s l i p  in the sense  of penci l  glide,  a re  two ex-  
t r e m e s  of a r ange  of poss ib i l i t i e s  a s soc ia t ed  with the 
c r o s s - s l i p  mechan i sm.  

It s e e ms  c l e a r  that all  of the m e c h a n i s m s  advanced 
have some impor tance ,  but does not imply  that they are  
a l l  cont ro l l ing  the texture  developed. It r e m a i n s  p rob-  
able that, in a g r e e m e n t  with the pos tula te  of Di l l amore  
and Rober t s ,  ~2 c r o s s - s l i p  is  the cont ro l l ing  p rocess .  
An a rgumen t  along the following l ines  jus t i f i es  this  
viewpoint:  when c r o s s - s l i p  is an ava i lab le  means  of 
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dis loca t ion  escape f rom s t r e s s  concen t ra t ions  the work-  
harden ing  ra te  is  reduced,  thus making l e s s  l ikely the 
opera t ion  of other m e c h a n i s m s ,  such as s tacking fault  
fo rma t ion  and twinning,  which r equ i r e  s t r e s s  concen-  
t r a t ions .  Stacking fault and mic ro twin  format ion ,  on 
the o ther  hand sus ta in  the work -ha rden ing  ra te  and 
would, in fact, thus s t imula te  c r o s s - s l i p .  

The r e s u l t s  of Leffers  is on the act ivat ion energy for  
the t ex tu re  t r ans i t i on  in a Cu 5 a t .  pct Zn alloy also 
suppor t  the notion that c r o s s - s l i p  is  the cont ro l l ing  
p r o c e s s .  He found an act ivat ion energy of ~ 10 kcal  pe r  
mole,  which is close to the value found by Wolf ~e for 
the c r o s s - s l i p  p rocess .  Since twinning is  genera l ly  a s -  
sumed to be t empe ra tu r e  independent ,  except through 
the va r i a t ion  in e las t ic  moduli ,  the co r respondence  be -  
tween the texture  t r ans i t i on  found on lowering the 
s tacking  f au l t  energy  and that found on lower ing  the 
t e m p e r a t u r e  a lso  a rgues  in favor  of c r o s s - s l i p  be ing 
the con t ro l l ing  p rocess .  

2) THE SELECTION OF DEFORMATION 
MECHANISMS 

While it  may be cons idered  that  c r o s s - s l i p  is  the 
p r o c e s s  cont ro l l ing  the tex ture  t r ans i t ion ,  the mechan-  
i s m s  effect ing the development  of texture  r e m a i n  pen-  
ci l  gl ide,  {111} (110) r e s t r i c t e d  glide, and {111} (112) 
twinning.  It is of i n t e r e s t  to inqu i re  what c rys t a l  r o t a -  
t ions  r e s u l t  f rom the opera t ion of these shear  modes  
and thus how m a t e r i a l  and p r o c e s s  va r i ab l e s  inf luence 
tex ture  development .  

Cons ide r  f i r s t  a meta l  de formed  under  condit ions of 
t e m p e r a t u r e  and s t r a in  ra te ,  and having a s tacking  faul t  
energy  such that both penci l  glide and twinning a re  un-  
l ikely to contr ibute  apprec iably  to deformat ion ,  the 
only impor t an t  deformat ion  m e c h a n i s m  is then {111} 
(110).  Any independent  set  of five of the twelve {111} 
(110) s y s t e m s  can in p r inc ip le  impose the r equ i r ed  
shape change,  but, us ing  the p rocedu re s  of Bishop and 
Hill, .7 the se t  chosen wil l  be f rom among the combina -  
tion of e i ther  s ix or eight equal ly  s t r e s s e d  sy s t e ms  
which sa t i s f i e s  the p r inc ip le  of max imum plas t ic  
work. ~8'.9 The sy s t ems  thus chosen also sat isfy  Tay-  
l o t ' s  ~ p r inc ip le  of m i n i m u m  work,  Chin et al. 2~ having 
shown identi ty between the two p r inc ip les .  

Bishop and Hill ~7 showed that  there  a re  five c r y s t a l -  
lographica l ly  d i s t inc t  s ta tes  of s t r e s s  which s t r e s s  
equal ly at  l eas t  five independent  s l ip sys t ems .  Sym- 
me t ry  gene ra t e s  f i f ty-s ix  v a r i a n t s  f rom the five c r y s -  
ta l lographicaUy d is t inc t  s t r e s s  s ta tes .  Examples  of 
the five s t r e s s  s ta tes  are  given in Table I us ing  Bishop 
and Hill  notation,  and it wil l  be seen that  for each s t r e s s  
state e i the r  s ix or eight s y s t e m s  a re  equally s t r e s s e d .  
It is  f rom among these six or  eight s y s t e m s  that the 
choice of five independent  s y s t e m s  mus t  be made.  

Plane (111) (]]1) (111) (111) 

Direction 10i]l [~011 Ili0l [0ii] D011 [[10l [01[I I101l ITi01 [Oiil [i01] [1101 

Notation al f12 a3 bl b2 ba cl c2 c3 dl d2 d3 

It may be noted f rom Table I that the six or eight 
s l ip s y s t e m s  act ivated by a p a r t i c u l a r  s t r e s s  s tate  a re  
made up of p a i r s  of s l ip d i r ec t i ons  in each of e i ther  
three  or four slip p lanes .  Bea r ing  in mind the d i s s o c i -  

Table I. Stress States and the Operative Slip Systems for Axisymmetric 
Deformation, as in Wire Drawing, Using the Notation of 

Bishop and Hill 17 

Stress Equally Stressed Constricted Cross-Related 
State Multiplicity* Slip Systems Systems Pairs 

1 6 al bl cl dl none al Cl, bl dl, 
-a2 -b2 -c2 --d2 -a2 -d2,-b2 ~c2 

4 6 a2 -b2 c2 -d2 -b2 b3 a2 -d2, -b2 c2 
-a3 ba -Ca d3 -d2 d3 -a3 bs,-ca da 

7 12 -a2 bl cl -d2 -a2 a3 -a2 -d2, 
aa -b2 -c2 d3 -d2 d3 -b2 -c2 

13 24 al bl c2 al -an c2 -b2 
--an -b2 -c3 

25 8 - a l  cl-d2 all -al cl, a2-d2 
a2 --ca d3 -c3 d3 

*Under "Multiplicity" is listed the number of stress states crystallographically 
equivalent to the one indicated in the left hand column. 

at ion of sl ip d i s loca t ions  into Shockley p a r t i a l s  and not-  
ing that in o rder  to equally s t r e s s  two (110) d i r ec t ions  
the ma x i mum shear  s t r e s s  in the {111} p lanes  mus t  be 
along (121) it is  apparen t  that the state of s t r e s s  will  
tend e i ther  to c ons t r i c t  or  extend the s l ip  d i s l o c a t i o n s f  1 
F u r t h e r m o r e  inspec t ion  shows that d i s loca t ions  of both 
Burge r s  vec to rs  in an active plane a re  extended or con-  
s t r i c t ed  together  so that we may r e fe r  without confusion 
to an 'extended p lane '  or  a ' cons t r i c t ed  p lane ' .  The ef-  
fect of the s t r e s s  s ta tes  in this  r e spec t  is  shown in col-  
umn four of Table I where cons t r ic ted  s y s t e m s  a re  
l i s ted;  al l  other  s y s t e m s  a re  extended. Note that there  
is not complete s y m m e t r y  between a pos i t ive  and a 
negat ive s t r e s s  s tate  when the d is locat ion  extens ion  is  
cons idered .  Reve r s ing  the s t r e s s  state (e .g .  f rom 1 to 
- 1 )  would cause a l l  s l ip sy s t e ms  to operate  in the r e -  
ve r se  sense  and with the s tate  of cons t r i c t ion  r eve r s ed .  
(If, as  d i s cus sed  l a t e r ,  the state of ex tens ion  inf luences  
the choice of s l ip  sys t ems  this  would lead to a lack of 
s y m m e t r y  between the ro ta t ions  leading,  for ins tance ,  
to tens ion  and to c ompr e s s i on  tex tures . )  

Slip sys t ems  having the same Bur ge r s  vec tor  (ne- 
glect ing sign) a re  in c r o s s - s l i p  re la t ion  to each other 
and a re  indicated in the r ight  hand column of Table I. 

It has a l ready  been observed  that an a r b i t r a r y  s t r a in  
r e q u i r e s  the opera t ion  of only five independent  s l ip s y s -  
t ems ;  and there  a re ,  for each s t r e s s  s tate,  a n u m b e r  of 
separa te  combina t ions  of five sy s t e ms  which may be 
chosen from among the equally s t r e s s e d  six or eight 
sys t ems .  For  s t r e s s  s ta tes  of types 1 and 7 as many as 
eight combina t ions  may be poss ib le ,  for type 4 there  
a re  genera l ly  four,  and for types 13 and 25 there  are  
only two combina t ions  of five sy s t e ms  which equally 
m i n i m i z e  the value of M, Eq. [1]. However,  the sepa-  
ra te  se ts  of five s y s t e m s  may operate  together  in any 
propor t ions  un l e s s  some pr inc ip le  can be defined which 
gives p r e f e r ence  to ce r ta in  combina t ions  as compared  
with others .  The approach to se lec t ing  f rom among the 
avai lable  combina t ion  is  qual i ta t ive ly  to r e t u r n  to Eq. 
[ 1] and to examine  whether or not some m a t e r i a l  v a r i -  
able or some d is loca t ion  i n t e r r ac t i on  would r a i s e  the 
value of a co r respond ing  to a pa r t i cu l a r  s l ip  sys tem or 
combinat ion  of s l ip  sy s t e ms  and thus to reduce  the 
p rospec t s  of such sy s t e ms  f rom opera t ing  and to favor 
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combina t ions  which m i n i m i z e  the i r  contr ibut ion.  Th is  
approach  was f i r s t  adopted by Bishop 22 who sugges t ed  
that  the phenomenon of o v e r s h o o t  was r e spons ib l e  for  
t e x t u r a l  d i f f e r ences  between d i f fe ren t  fcc  me t a l s .  He 
sugges ted  that a tendency to exhibi t  ove r shoo t  would 
f avor  the combination(s)  of f ive  s y s t e m s  which have the 
l a r g e s t  individual  shear ,  i. e . ,  which m a x i m i z e  the 
s h e a r  on one s l ip  sys tem.  No tendency to o v e r s h o o t  
would, accord ing  to Bishop,  favor  combinat ions  in 
which the total  shea r  (~d 7 = Mdr  is  mos t  evenly  d i s -  
t r ibu ted  between f ive s y s t e m s .  

B i shop ' s  approach has s t i l l  some validi ty but the 
ident i f ica t ion  by Hu et al. s-7 of the c o r r e l a t i o n  be tween  
s tack ing  fault  f requency  m e a s u r e m e n t s  and the t ex tu r e  
deve loped  in d i f fe ren t  m e t a l s ,  and in the same  m e t a l  at 
d i f f e r e n t  t e m p e r a t u r e s ,  sugges t s  s tacking fault  e n e r g y  
as an impor tan t  va r i ab le  and s tacking fault  or  twin f o r -  
mat ion  on the one hand or  d i s loca t ion  c r o s s - s l i p  on the 
o the r  as  m e c h a n i s m s  of p robab le  impor tance .  All  of 
these  m e c h a n i s m s  involve the s ta te  of d i s soc ia t ion  of 
d i s loca t ions ,  which depends on two p a r a m e t e r s ;  23 y /Gb  
and the shear  s t r e s s  on the d i s loca t ion  (y is  the s t ack -  
ing faul t  energy ,  G is the s h e a r  modulus,  and b the 
B u r g e r s  vec to r  of the unit  d is loca t ion) .  

It fo l lows f rom this  l ine of approach that the s ta te  of 
ex tens ion  or  cons t r i c t ion  of d i s loca t ions  might  be e x -  
pec ted  to inf luence the choice  f r o m  among the ava i l ab le  
s l ip  s y s t e m s .  It should be noted, however ,  that th is  ap-  
p r o a c h  cannot be taken too fa r ,  d i f fe ren t  va lues  of c~, 
Eq. [1], for  each  sl ip s y s t e m  r e q u i r e s  that d i f f e ren t  
s t a t e s  of s t r e s s  be found f r o m  those cons ide red  he re .  
F u r t h e r m o r e  for  ve ry  wide d i s loca t ions  the s ta te  of 
s t r e s s  may cause  the comple t e  separa t ion  of the p a r -  
t i a l s ,  leading to {111} (112) s l ip  or  twinning and fo r  
ve ry  n a r r o w  d i s loca t ions  easy  c r o s s - g l i d e  wi l l  a l low 
s l ip  on s y s t e m s  which appea r  m a c r o s c o p i c a l l y  as {hhl} 
( l l 0 ) s y s t e m s ;  in e i the r  c a s e  new s t r e s s  s t a tes  would 
apply,  not those of Bishop and Hill.  

Le t  us  now cons ide r  the in te rac t ion  of the s ta te  of 
s t r e s s  and m a t e r i a l  v a r i a b l e s  with the choice of s l ip  
s y s t e m s ,  f i r s t  a t tempt ing  to find some  guidance f r o m  
the known behav ior  of d i s loca t ions .  

C r o s s - s l i p  p rov ides  a m e c h a n i s m  for  reduc ing  the 
r a t e  of work -ha rden ing  by a l lowing d i s loca t ions  to e s -  
cape f r o m  the i r  s l ip  p lanes  to reduce  the back s t r e s s  on 
the p r i m a r y  s l ip  sys t em.  C r o s s - s l i p  a l so  p r o v i d e s  a 
m e a n s  of d i s loca t ion  mul t ip l i ca t ion ,  the Koehler  s o u r c e ,  
g e n e r a t i n g  d i s loca t ions  on two sys t ems .  It may thus be 
expec ted  that c r o s s - s l i p  wi l l  e i t he r  m a x i m i z e  the s h e a r  
on a s y s t e m  favored  for  c r o s s - s l i p ,  or  m a x i m i z e  the 
s u m s  of s h e a r s  on s y s t e m s  in c r o s s - r e l a t i o n  which a re  
both, o r  al l ,  f avored  for  c r o s s - s l i p .  In this  context  a 
s l ip  s y s t e m  favored  for  c r o s s - s l i  p wi l l  c l e a r l y  be one 
which is  cons t r i c t ed  by the s t r e s s .  

Stacking fault  fo rma t ion  on a p a r t i c u l a r  s l ip  s y s t e m  
probably  has the p r inc ipa l  e f fec t  of making sl ip on in-  
t e r s e c t i n g  s y s t e m s  m o r e  diff icul t .  Stacking faul t  f o r m a -  
tion wi l l  thus tend to m a x i m i z e  s h e a r s  p a r a l l e l  to a 
p a r t i c u l a r  plane,  the plane being one that  i s  ex tended 
and thus f avored  for  s tacking  fault  fo rmat ion .  Stacking 
faul t  f o rma t ion  would have an ef fec t  s i m i l a r  to o v e r -  
shoot  but would m a x i m i z e  the s h e a r s  p a r a l l e l  to a p a r -  
t i c u l a r  extended plane r a t h e r  than on one sy s t em .  It  
may be noted that where  t h e r e  a re  two or  m o r e  c o m -  
b ina t ions  of f ive s l ip  s y s t e m s  which equally m a x i m i z e  
s h e a r s  on d i f fe ren t  extended p lanes  the combina t ions  

wi l l  be equal ly  probable  but mutual ly  exc lus ive .  
The s ta te  of cons t r i c t ion  and the c r o s s - s l i p  r e l a t i on -  

ships  l i s ted  in Table  I c la r i fy  the appl ica t ion  of the 
ideas  out l ined above.  In view of the f a i l u r e  of e l e c t r o n  
m i c r o s c o p y  to r e v e a l  the ex i s tence  of apprec iab le  num- 
b e r s  of L o m e r - C o t t r e l l  locks it does  not appear  w a r -  
ran ted  to deve lop  a deta i led  theory  based  on the s ta te  
of extens ion of the d is loca t ions  and va r i ous  d is loca t ion  
in te rac t ions ;  consequent ly  the quite  s imp le  approach to 
the se lec t ion  of ac t ive  combina t ions  out l ined in Table  II 
has been adopted. 

The c r y s t a l  ro ta t ions  resu l t ing  f r o m  any ac t ive  com-  
bination of s l ip  s y s t e m s  can be r ead i l y  ca lcu la ted  f rom 
the cur l  of the d i sp l acem en t  gradient .  22'24 For  the gen-  
e r a l  case  the ro t a t ions  o c c u r r i n g  r e q u i r e  a th ree  d i -  
mens iona l  r e p r e s e n t a t i o n  except  fo r  un iax ia l  d e f o r m a -  
tion p r o c e s s e s  or ,  under  lower  s y m m e t r y  deformat ion ,  
for  spec ia l  f a m i l i e s  of o r ien ta t ions .  Examina t ion  of 
the var ia t ion  of c rys t a l  ro ta t ions  due to the inf luence of 
m a t e r i a l  v a r i a b l e s  on the choice  of s h e a r s  wil l ,  for  
c l a r i ty ,  be confined to such spec ia l  c a s e s .  

Rotat ions  o c c u r r i n g  for  the case  of w i r e  drawing 
under  condi t ions  where  a) s tacking faul t  fo rmat ion  is  
f avored  and b) c r o s s - s l i p  is  f avored  a r e  shown in Fig. 2. 
It may be seen  that  (111) and (100) a r e  l ikely  to develop 
in the r a t i o  ~ 65 : 35 with only s l ight  va r i a t ion  due to the 
ef fec t  of m a t e r i a l  v a r i a b l e s  on the choice  of shea r s .  
The r a t h e r  s m a l l  d i f f e r ences  p r e d i c t e d  in the case  of 
a x i - s y m m e t r i c  de fo rmat ion  do not n e c e s s a r i l y  indicate  
that  the inf luence of m a t e r i a l  v a r i a b l e s  on the choice  
of {111} (110) s l ip  s y s t e m s  has a neg l ig ib le  ef fec t  on 
t ex tu re  deve lopment  in the gene ra l  c a se .  Cons ide r  for  

T a b l e  I I 

Stress Stacking Fault Formation 
State Cross-Slip Favored Favored 

1 Dislocations not constricted. Maximize shears parallel to most 
Minimize maximum shear, active slip plane. 

-1 Maximize shears on cross- Dislocations constricted. 
related pairs. Minimize maximum shear. 

+4 Either maximize shears on Maximize shears parallel to most 
constricted systems active extended plane. 
or maximize shears on cross- 
related pairs. 

+7 Maximize shears on -a2 and Maximize shears parallel to most 
-d2 together, active extended plane. 

-7 Maximize shears on -b2 and Maximize shears parallel to most 
-c2 together, active extended plane. 

-+13 Shear on cross-related systems Maximize shears parallel to most 
not variable. Minimize maxi- active extended plane. 
mum shear. 

-+25 Maximize shears on cross- Dislocations constricted. 
related pairs. Minimize maximum shear. 

-25 Dislocations not constricted. Shear on individual slip planes 
Minimize maximum shear, not a variable. 

Minimize maximum shear. 

NOTE It is assumed in numerical 
analysis that equally prob- 
able shear combinations 
operate equally and together 
when cross-slip is favored. 

It is assumed that equally prob- 
able shear combinations are 
mutually exclusive and give an 
increased tendency to deforma- 
tion banding when stacking fault 
formation is favored. 
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Fig. 2--Fibre axis reorientations Dredicted in axi-symmetric 
elongation when (a) stacking fault formation is favored (where 
there is more than one arrow rotations may occur in any di- 
rection in the range between the arrows) and (b) cross-sl ip 
is favored. In the latter case the letter A indicates no ambi- 
guity in choice of rotation, the letter B indicates rotations 
favored by maximizing the shear on one constricted system, 
C indicates maximization of shears on two constricted sys- 
tems which are in cross-sl ip relationship, and D indicates 
maximization of shears on cross-related pairs, of which one 
is constricted, (after Dillamore and Stoloff21). 

ins tance  the case  of de fo rma t ion  by ro l l ing .  In Fig.  3 
the ro ta t ions  occu r r ing  for  c r y s t a l s  having {110} shee t  
p lanes  a r e  indicated for  s e v e r a l  d i f fe ren t  c i r c u m -  
s t ances .  The ra te  and sense  of ro ta t ion a r e  indicated 
for condi t ions  where s tacking fault  fo rmat ion  is f avored  
(curve  s), where  cons t r i c t ed  s y s t e m s  a re  favored  
(curve c) and where  penci l  gl ide occu r s  (curve p) and 
for  s l ip  on {111} (110> a s suming  that a l l  poss ib le  c o m -  
binat ions  of f ive s y s t e m s  a re  equal ly  favored  and o p e r -  
ate equal ly  (curve a) (note that  c u r v e s  p and a give the 
same  sense  of rota t ion,  this  i s  genera l ly  t rue ;  thus in 

wi re  drawing penc i l  glide would y ie ld  the a v e r a g e  value 
for the (100} :(111) rat io) .  We see f r o m  Fig.  3 that 
when sl ip is  f avo red  on cons t r i c t ed  s y s t e m s  l e s s  m a t e -  
r i a l  r o t a t e s  to (110) [112] than when s l ip  on an extended 
plane is  p r e f e r r e d .  

Excep t  for  those o r i en ta t ions  which can ach ieve  the 
imposed  s t ra in  on l e s s  than five independent  s l ip  sys -  
t e m s  (such o r i en ta t ions  l ie  at the boundar i e s  between 
s t r e s s  s ta tes ,  where  the re  is  no ambigui ty  in the choice  
of s l ip  sys tems)  c r o s s - s l i p  and s tacking fault  f o r m a -  
tion wil l  favor  d i f fe ren t  c r y s t a l  ro ta t ions .  However ,  
s ince  or ien ta t ion  space  is  divided into c e l l u l a r  vo lumes  
co r re spond ing  to the r eg ions  of ac t iv i ty  of p a r t i c u l a r  
s t r e s s  s ta tes ,  the ce l l  boundary network,  r e p r e s e n t i n g  
o r ien ta t ions  whose sense  of ro ta t ion is  f ixed,  impos es  
a bas ic  pa t te rn  on s l ip  ro ta t ions  which does  not depend 
on m a t e r i a l  v a r i a b l e s .  The d i f f e r ences  in end tex ture  
r e su l t i ng  f rom m a t e r i a l  d i f f e r ences  wi l l  thus be m o r e  
quant i ta t ive  than qual i ta t ive :  i t  is  expec ted  that  c r o s s -  
sl ip being f avo red  would lead to s h a r p e r  t ex tu re s .  

A l imi ted  ana lys i s  of 150 randomly chosen  o r i en t a -  
t ions ind ica tes  that  under {111} (110~ sl ip the p r inc ipa l  
or ien ta t ion  sp read  in the ro l l ing  t ex tu re  would be f rom 
(4,4,  11) [11, 11, w to (011) [211] with r a t h e r  m o r e  m a t e -  
r i a l  towards  the (011) [211] end of the sp read  for  ma te -  
r i a l s  in which s tacking fault  fo rmat ion  is  favored .  This  
sp read  is  in a g r e e m e n t  with that found in 95 pct  ro l l ed  
copper  by Bunge and Haessne r .  25 

Fo r  m a t e r i a l s  in which the state of d i s loca t ion  exten-  
sion is  such as to allow of cons ide ra t ion  of o ther  shea r  
modes  than {111} (110>, f i r s t  cons ide r  ve ry  n a r r o w  d i s -  
loca t ions  which a re  read i ly  able to t r a n s f e r ,  by c r o s s -  
s l ip  of s c r ew  d i s loca t ions ,  f rom one s l ip  plane to 
another .  Such d i s loca t ions  wil l  appear  m a c r o s c o p i c a l l y  
to sl ip on a compos i t e  plane of the f o r m  {hhl}. The con-  
dition for  impos ing  an a r b i t r a r y  s t r a in  is  now that 

a Average fat all {111}<110> combinations 

c ....... Constricted systems favoured by availability of cross slip 
s-----Extended systems favoured 
p-----PGncil -glide 
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Fig. 3--Slip reorientation rate as a function of orientation for 
orientation having a (110) sheet plane, dO/dE is the instantan- 
ous rate of rotation in radians per unit natural rolling strain. 
A positive value of dO/dE indicates that 0 is increased by ro- 
tation, a negative value that it is decreased. A zero dO/dE 
value indicates a stable, or metastable, orientation. The four 
curves are plotted for different mechanistic assumptions. 
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t he re  should be at l eas t  f ive independent  va r i ab le s .  
The (110) sl ip d i rec t ions  a re  fixed but each s l ip  sy s t em 
is cha r ac t e r i z ed  by two independent  va r i ab le s ;  the 
amount  of shear  in each s l ip  d i rec t ion ,  and the o r i e n t a -  
t ion of the slip p lanes .  Thus,  three  opera t ing s l ip  vec -  
t o r s  wi l l  sat isfy any imposed s t r a in  but it does not  fol-  
low that  only three  will  opera te ,  s ince sl ip on four vec -  
to r s  may requ i re  a s m a l l e r  total  shear .  Except  for  
c e r t a i n  high s y m m e t r y  o r i en ta t ions  there  will  be no 
ambigui ty  in de t e rmin ing  the geomet ry  of de format ion  
al though it  is  genera l ly  n e c e s s a r y  to use  n u m e r i c a l  
methods  of min imiz ing  the shea r s ,  there  being no s i m -  
ple ana ly t ica l  p rocedure  for  the case of fcc penc i l  
glide. The lack of ambigui ty  in the choice of s l ip r o t a -  
t ions  when extensive  c r o s s - s l i p  occurs  leads to s h a r p e r  
de format ion  tex tures  being developed, but, as indica ted  
p rev ious ly  the d i f fe rences  wi l l  be qual i ta t ively  sma l l .  
A compar i son  of the ro l l ing  t ex tu res  of a luminum,  Fig.  
4, and copper indica tes  the d i f fe rences  to be expected 
as  a r e s u l t  of i nc r ea s ing  the s tacking fault energy  and 
thus favor ing  c r o s s - s l i p ,  the texture  of a luminum being 
somewhat  sha rpe r  than that  of copper.  

Fo r  fcc me ta l s  of low s tacking fault  energy twinning 
is  an avai lable  deformat ion  mode and W a s s e r m a n n  and 
coworke r s  T M  have analyzed the r eo r i en ta t ion  a r i s i n g  
f rom twinning. 

It  i s  impor tan t  to take account  of the un id i r ec t i ona l  
na tu re  of deformat ion twinning,  s ince this  causes  c e r -  
ta in  o r i en ta t ions  to be much more  l ikely to twin than 
o thers .  For  o r ien ta t ions  n e a r  (110) [112] twinning is  an 
unl ike ly  mode s ince the mos t  highly s t r e s s e d  {111} 
(112} s y s t e m s  a re  s t r e s s e d  in the wrong sense .  Chin, 
Hosford,  and Mendorf 26 have cons idered  the ava i lab i l i ty  
of twinning more  genera l ly  in re la t ion  to the ra t io  of 
shea r  s t r e s s e s  for sl ip and twinning,  and only if th is  
r a t io  is  very high would twinning occur  in the (110) 
[112] or ien ta t ion  in ro l l ing .  On the other hand o r i e n t a -  
t ions  n e a r  (112) [ 11 i] ,  inc luding the s table  o r i en ta t ion  
(4,4,11) [11,11,w twin read i ly ,  causing twin r e o r i e n t a -  
t ion to o r ien ta t ions  nea r  (001) [110]. 

It  iS not poss ib le  to analyze twinning according  to a 
homogeneous deformat ion  theory but it  i s  worthwhile 
to cons ider  how the devia t ions  f rom homogenei ty,  which 
n e c e s s a r i l y  a t tend the twinning p r o c e s s  are  inf luent ia l  
in c rys t a l  r eo r i en ta t ion .  Let us suppose that a g ra in  
s t a r t s  to twin. If the whole g ra in  twins  a shear  s t r a in  
pa r a l l e l  to the twin sys tem of r occu r s  within the 
volume of the gra in .  The ra te  of propagat ion of the twin-  
ning d is loca t ion  is  thought to approximate  to the t r a n s -  
ve r se  sound wave velocity and the local  s t r a in  ra te  will  
inevi tably be higher  than the imposed s t r a i n  ra te  and 
the propagat ing  twin, on impinging on the ne ighbor ing 
gra in ,  wil l  cause  a s t r e s s  concen t ra t ion  which can only 
be re l i eved  by deformat ion  in the su r round ing  region or 
by r e v e r s e d  shea r ,  e i ther  detwinning or {111} (110) 
sl ip within the twin volume. The s ame  wil l  be t rue  even 
if only pa r t  of a g ra in  deforms  by twinning,  it is  not 
r easonab le  to view the s t r a in  ra te  as being averaged 
over  the whole g ra in  when only pa r t  of the g ra in  twins.  

Thus r eo r i en t a t i on  of a g ra in  due to twinning may be 
divided into th ree  par t s :  the twin r e o r i e n t a t i on  of m i r -  
r o r  imaging in the twin plane,  the shea r  r eo r i en t a t i on  
due to the twinning,  and the slip r e o r i e n t a t i on  due to 
r e v e r s e d  shea r  in the body of the twin. W a s s e r m a n n  
and Heye 13 have c lea r ly  demons t r a t ed  that  a (112) [111] 
c rys t a l  can r e o r i e n t  in a sequence of twinning and r e -  
ve r sed  shear  to give the (111) [112] component  which is 
so p rominen t  a fea ture  of the low s tacking  fault  energy 
deformat ion  tex ture ,  Fig. 5. It would not be poss ib le  to 
account  for this  component  if r e v e r s e d  shear  in the body 
of the twin were  disallowed. This  may be seen f rom 
Fig. 6 which shows that the (111) [112] or ien ta t ion  is 
depleted by s l ip  ro ta t ions  in the sense  favored by ro l l -  
ing deformat ion ,  a r e v e r s e d  shear  could c lea r ly  aug- 
men t  o r i en ta t ions  near  to this  one. 

Twinning can read i ly  account for the observed  di f fer-  
ences  between the ro l l ing  tex tures  of copper and s i lve r  
which, as pointed out by W a s s e r m a n n  and Heye, 13'~4 can 
be desc r ibed  by the r eo r i en ta t ion  of o r i en ta t ions  nea r  

5 0 0 - - -  
4 o o . m  

Fig. 4--011) pole figure for 2S aluminum rolled 95 pct at 
~25~ (after Hu, Sperry, and Beck~a). 

Fig. 5--(111) pole figure of commercial brass  rolled 95 pct at 
~25~ (after Hu, Sperry, and Beck39). 
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Fig. 6--Slip reorientation rate as a function of orientation for 
orientations having a [110] transverse direction. Note that 
there is no dependence of rotation rate on mechanistic vari-  
ables affecting choice of slip system. The same curve is ob- 
tained whether pencil glide or octahedral slip occurs. Note 
that rotations are away from the metastable region near (111) 
[112]. 

(112) [11i]  to nea r  (110) [001] and (111) [11~.] o r i e n t a -  
t ions.  

C u r r e n t  deformat ion  texture  theor ies  thus indicate  a 
range  of t ex tu res  depending on the re la t ive  con t r ibu t ions  
to deformat ion  of c r o s s - s l i p ,  r e s t r i c t e d  glide on {111} 
(110>, s tacking fault  format ion ,  and twinning. In the 
absence  of twinning the tex ture  is  expected to cons i s t  
of a sp read  of o r ien ta t ions  f rom (4,4,11) [11,11,w to 
(011) [21i]  with r a the r  more  m a t e r i a l  out towards 
(4,4, 11) [11, 11, w the higher the s tacking fault  energy,  
that is ,  the more  c r o s s - s l i p  is  favored.  When twinning 
is  ava i lab le  the spread  about (4, 4, 11) [11, 11, 8] is  f u r -  
ther  d imin i shed  by this  mode and a component  nea r  
(111) [112] develops.  

In conclus ion of this sect ion the fact that deformat ion  
does not occur  homogeneously m u s t  be acknowledged. 
As shown by Chin 27 the r e s u l t s  of Engl ish  and Chin, 28 
Fig. 7, can only be explained if deformat ion  banding is  
cons idered ,  in addition to the p r o c e s s e s  cons idered  
here .  

3) THE MEASUREMENT OF STACKING 
FAULT ENERGY 

The conclus ion that c r o s s - s l i p  is  the cont ro l l ing  
p roce s s  in the tex ture  t r ans i t i on  in fcc me ta l s  leads to 
an analogy with the T111 method for de t e rmin ing  s tack-  
ing fault  ene rg ies .  However, the complexi t ies  inheren t  
in t heo r i e s  of deformat ion  t ex tu re  development  in poly-  
c r y s t a l s  defy any a t tempt  to produce an exact  theory 
re l a t ing  texture  to fault  energy and the method proposed 
by D i l l a m o r e  et  al .  29 is  en t i r e ly  empi r i ca l .  A po le - f ig -  
u re  p a r a m e t e r  m e a s u r e d  in X - r a y  t r a n s m i s s i o n  geom-  
etry is  chosen to indicate the r e l a t ive  amounts  of ma t e -  
r i a l s  at the two ex t r emes  of the (4, 4, 11) [11, 11, w to 
(011) [21i]  spread  r e f e r r e d  to e a r l i e r .  This  p a r a m e t e r  

was chosen to apply to the range  of t ex tu res  obtained 
from m a t e r i a l s  in which twinning is not an impor tan t  
mode, and thus to more  sure ly  be a function of the ease 
of c r o s s - s l i p .  It is  insens i t ive  to the sma l l  tex ture  dif- 
f e r ences  among m a t e r i a l s  which twin readi ly .  

The procedure  in de te rmin ing ,  a lbei t  approximate ly ,  
the s tacking fault  energy of a sample  is  the following. 
A random,  fa i r ly  fine gra ined  sample  is  ro l led  to some 
s tandard  large s t r a in ,  in the region of 90 to 99 pct, 
us ing  as near ly  as poss ib le  a constant ,  and s tandard  
s t r a in  ra te .  It is  not n e c e s s a r y  to r e v e r s e  the sample  
end to end between pas se s  s ince this p rocedure  only 
affects the sur face  texture ,  and texture  m e a s u r e m e n t s  
mus t  be c a r r i e d  out on the mid - sec t ion .  

X - r a y  in t ens i t i e s  a re  m e a s u r e d  in t r a n s m i s s i o n  from 
points  at the pe r iphe ry  of the pole f igure in the t r a n s -  
ve r s e  d i rec t ion  (ITD) and at 20 deg to the ro l l ing  d i r ec -  
tion (/20). The ra t io  ITD//I2o c h a r a c t e r i z e s  the texture  
and yie lds  the s tacking fault energy of the sample  by 
in terpola t ion on a plot of/TD//I2o aga ins t  7 / G b  obtained 
by prev ious ly  following the procedure  out l ined above 
for a range  of s a mp l e s  of known stacking fault  energy.  
It is ,  of course ,  impor tan t  in compar ing  t ex tu res  in this  
way that they be obtained under  equivalent  condit ions of 
t he r ma l  act ivat ion and both the r e f e r e nc e  and unknown 
samples  a re  ro l led  at t e m p e r a t u r e s  which give equal 
values  of k T / G b  3 in o rder  to approximate  as c losely  
as poss ib le  to this  condition. For  mos t  m a t e r i a l s  the 
value of k T / G b  3 can be chosen so that the p a r a m e t e r  
ITD//I2o fal ls  in the sens i t ive  range for the method. 

4) SELECTED RESULTS 

The p r inc ipa l  v i r tue  of the texture  method of e s t ima -  
t ing s tacking fault  ene rg ies  is that it can be used  for 
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Fig. 7--Stacking fault energy of Ni-Co alloys as a function of 
cobalt content. Note that the texture results agree well with 
the extrapolated node values but the stacking fault tetrahedron 
method gives values at variance with both of these methods. 
Q--Texture measurements. O--Node values (KSster et al.34). 
i - -Tetrahedron values (Beeston et al.3O). [~--Tetrahedron 
values (Humble et a/ri~ 
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m a t e r i a l s  in w h i c h  n o d e s  a r e  not  m e a s u r e a b l y  e x -  
t e n d e d ,  and f o r  a l l o y s  in w h i c h  so lu t e  v a c a n c y  i n t e r -  
a c t i o n s  p r e v e n t  the  u s e  of t h e  c l i m b  m e t h o d .  I t  h a s  
b e e n  a p p l i e d  p r i n c i p a l l y  to  i n v e s t i g a t e  the  e f f e c t s  of  
a l l o y i n g  on the  s t a c k i n g  f a u l t  e n e r g y  of f cc  t r a n s i t i o n  
m e t a l s .  

O n e  way  of d e m o n s t r a t i n g  the  va l id i ty  of the  m e t h o d  
i s  to  s t a n d a r d i z e  a g a i n s t  v a l u e s  o b t a i n e d  by a r e s p e c t -  
ab l e  m e t h o d  f o r  a r a n g e  of  m a t e r i a l s  and then  to  u s e  
the  m e t h o d  to  r e e v a l u a t e  t h e  f au l t  e n e r g y  of o t h e r  m a -  
t e r i a l s  w h o s e  s t a c k i n g  f a u l t  e n e r g y  i s  known.  In F i g .  7 
a r e  s h o w n  the  r e s u l t s  o f  B e e s t o n  e t  a l .  30 o b t a i n e d  on 
N i - C o  a l l o y s .  The  t e x t u r e  m e t h o d  w a s  c a l i b r a t e d  
a g a i n s t  v / G b  v a l u e s  f o r  a l u m i n u m ,  a* c o p p e r ,  32 and  s i l -  
v e r  sa and  i t  m a y  be  s e e n  h o w  w e l l  t he  t e x t u r e  r e s u l t s  
c o r r e l a t e  w i th  t he  n o d e  r e s u l t s  of K o s t e r  e t  a l .  34 f o r  
h i g h  c o b a l t  c o n t e n t  a l l o y s .  

A l a r g e  a m o u n t  of w o r k  h a s  a t t e m p t e d  to r e l a t e  
s t a c k i n g  fau l t  e n e r g y  to v a l e n c y  e l e c t r o n  c o n c e n t r a t i o n  
bu t  r e l a t i v e l y  l i t t l e  a t t e n t i o n  h a s  b e e n  g iven  to  t he  c o n -  
t r i b u t i o n  of d e l e c t r o n s  to  bond ing .  P e r h a p s  the  m o s t  
u n e q u i v o c a l  w o r k  on t h i s  a s p e c t  i s  t h a t  of  H a r r i s  e t  
a l . ,  as who u s e d  the  t e x t u r e  m e t h o d  to d e t e r m i n e  t h e  
s t a c k i n g  fau l t  e n e r g y  of, a m o n g  o t h e r s ,  the  P d - A g  s y s -  
t e m ,  F ig .  8. They  s h o w e d  t h a t  be low about  60 p c t  s i l v e r  
t he  s t a c k i n g  fau l t  e n e r g y  r i s e s  s h a r p l y  to  t h a t  of p u r e  
p a l l a d i u m ,  c o r r e s p o n d i n g  to  i n c r e a s i n g  the  n u m b e r  of  
h o l e s  in the  d band .  C o m p a r i s o n  of the  r e s u l t s  of H a r -  
r i s  e t  a l .  wi th  m o r e  r e c e n t  r e s u l t s  of R a m a  Rao  and  
K r i s h n a  Rao,  3e who u s e d  the  a - p a r a m e t e r  m e t h o d  a n d  
r e p o r t  a s i m i l a r  e f f e c t ,  d e m o n s t r a t e s  the  s u p e r i o r i t y  
of t h e  t e x t u r e  m e t h o d  in t he  r a n g e  of s t a c k i n g  f a u l t  e n -  
e r g i e s  i n v e s t i g a t e d .  

F i n a l l y  i t  shou ld  be  n o t e d  t h a t  in r e c e n t  w o r k  37 an  
a t t e m p t  h a s  b e e n  m a d e  to d i s c r e d i t  the  t e x t u r e  m e t h o d  
by a p p l y i n g  i t  on a m e t a l  ( s i l v e r )  and at  a t e m p e r a t u r e  
a t  w h i c h  the  t e x t u r e  d e v e l o p e d  i s  no t  in the  s e n s i t i v e  
r a n g e  of v a r i a t i o n .  T h e r e  a r e ,  h o w e v e r ,  o t h e r  l i m i t a -  
t i o n s  w h i c h  the  t e x t u r e  m e t h o d  s h a r e s  wi th  m o s t  o t h e r  
m e t h o d s  of e s t i m a t i n g  s t a c k i n g  fau l t  e n e r g y ;  any s o l u t e -  
d i s l o c a t i o n  i n t e r a c t i o n  m a y  in p r i n c i p l e  i n t r o d u c e  u n -  
c e r t a i n t i e s .  Only one  type  of  s o l u t e  e f f e c t  h a s  b e e n  o b -  
s e r v e d  a s  c l e a r l y  i n t e r a c t i n g  wi th  d e v e l o p m e n t  of 
t e x t u r e ,  n a m e l y  o r d e r i n g ,  e i t h e r  long o r  s h o r t  r a n g e ,  
but  in a l l o y s  n e a r  to  3:1 o r  1:1 a t o m i c  f r a c t i o n s .  S e v -  
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Fig. 8--Stacking fault energy of Pd-Ag alloys as a function of 
composit ion.  

e r a l  i n d i c a t i o n s  of the  e f f e c t s  of o r d e r i n g  m a y  be  found 
in the  w o r k  of B e e s t o n  e t a / .  ~0'3s'38 and  the  e f f e c t  of long 
r a n g e  o r d e r  on t e x t u r e  d e v e l o p m e n t  h a s  b e e n  c o n s i d -  
e r e d  by D i l l a m o r e  and Stoloff .  21 

CONCLUSIONS 

The complexity of texture development precludes the 
f o r m u l a t i o n  of a c o m p l e t e  t h e o r y  d e f i n i n g  the  e f f e c t s  of 
m a t e r i a l  v a r i a b l e s .  It i s ,  h o w e v e r ,  a p p a r e n t  t ha t  c r o s s -  
s l i p  i s  m o s t  p r o b a b l y  the  p r o c e s s  c o n t r o l l i n g  the  t e x -  
t u r e  t r a n s i t i o n  in f cc  m e t a l s .  

The  t e x t u r e  m e t h o d  of e s t i m a t i n g  s t a c k i n g  fau l t  e n -  
e r g y  i s  p u r e l y  e m p i r i c a l ,  i t s  p r i n c i p a l  v i r t u e  and j u s -  
t i f i c a t i o n  i s  t h a t  i t  w o r k s  and i s  a p p l i c a b l e  o v e r  t he  
w i d e s t  r a n g e  of  s t a c k i n g  fau l t  e n e r g i e s ,  p r o v i d e d  tha t  
the  a v a i l a b l e  t h e r m a l  e n e r g y  i s  a d j u s t e d  a p p r o p r i a t e l y .  
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