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S u p e r p l a s t i c i t y  r e f e r s  to the ab i l i t y  of s o m e  m e t a l s  
to d e f o r m  in t ens ion  without f r a c t u r e  to s t r a i n s  of 
s e v e r a l  hundreds  of pct .  As  d e m o n s t r a t e d  in a r e c e n t  
r ev i ew,  ~ the m a x i m u m  elongat ion  at  f a i l u r e  in s u p e r -  
p l a s t i c i t y  i s  g e n e r a l l y  in the r ange  f r o m  ~200 pc t  to 
~1000 pct ,  a l though s o m e  m a t e r i a l s  d e f o r m  to ~1000 
to 2000 pc t .  

F o r  s e v e r a l  y e a r s ,  the m a x i m u m  e longat ion  obta ined  
under  s u p e r p l a s t i c  condi t ions  was 2100 pct ,  r e p o r t e d  
by  Lee  2 fo r  the Mg-A1 eu t ec t i c  a l loy .  However ,  a r e -  
cent  s y s t e m a t i c  inves t iga t ion  of duc t i l i ty  in the s u p e r -  
p l a s t i c  Zn-22  pc t  A1 eu tec to id  r e v e a l e d  that ,  fo r  a 
t e s t i ng  t e m p e r a t u r e  of 473 K and an in i t i a l  g r a in  s i ze  
of 2.5 pro, t h e r e  was a r ange  of s t r a i n  r a t e  cove r ing  
a l m o s t  two o r d e r s  of magni tude  within which the 
s t r a i n s  a t  f a i l u r e  w e r e  cons i s t en t ly  >2000 pct .  3 The  
m a x i m u m  t ens i l e  e longat ion  a t t a ined  within this  op t i -  
mum r a n g e  was 2900 pct .  

Gene ra l l y ,  the s t r a i n  a t  f a i l u r e  tends  to i n c r e a s e  
wi th  an i n c r e a s e  in the  s t r a i n  r a t e  s ens i t i v i t y ,  
m [= (0 In a / a  In ~), whe re  a is  the app l ied  s t r e s s  and 

i s  the s t e a d y - s t a t e  s t r a i n  r a t e ] ,  a l though the r e l a -  
t ionship  i s  complex  b e c a u s e  m a r k e d l y  d i f f e r en t  duc-  
t i l i t i e s  may  be ach i eved  in the s a m e  m a t e r i a l  under  
v a r i o u s  e x p e r i m e n t a l  condi t ions ,  such  as  d i f f e r en t  
t e m p e r a t u r e s  o r  g ra in  s i z e s ,  even when m r e m a i n s  
e s s e n t i a l l y  cons tant .  4 Since e a r l i e r  work  had shown 
that  the  m a x i m u m  va lue  of m in lab-62 pc t  Sn was 
~0.61,  ~ and th is  i s  s ign i f i can t ly  h ighe r  than the m a x i -  
mum value  of m ~0.5 in Zn-22  pc t  A I ?  the p r e s e n t  
t e s t s  were  unde r t aken  to i nves t iga t e  the p o s s i b i l i t y  
of v e r y  high d u c t i l i t i e s  in the !ab-62 pc t  Sn eu tec t i c .  

The  m a t e r i a l  was p r e p a r e d  by  m~l t ing  99.999 pc t  
pu r i t y  lab and 99.995 pc t  pu r i t y  Sn in a i r  in a g raph i t e  
c ruc ib l e ,  c h i l l - c a s t i n g  into an ingot  of 1.0 cm th ick-  
n e s s ,  and r o l l i n g  at  r o o m  t e m p e r a t u r e  to a f ina l  th ick-  
n e s s  of 0.254 cm.  The  f inal  m a t e r i a l  was  a t  the eu-  
t e c t i c  compos i t i on  of 38.1 wt pc t  lab p lus  61.9 wt pc t  
Sn,  

F o u r  t e n s i l e  s p e c i m e n s ,  e ach  having  a gage s e c t i on  
0.635 cm in length  and 0.508 cm wide,  w e r e  cut f r o m  
the shee t  p a r a l l e l  to the r o l l i n g  d i r e c t i o n ,  and annea led  
fo r  1 h a t  433 K to give an a v e r a g e  s p a t i a l  g r a in  d i a m e -  
t e r  (equal  to 1.74 • mean  l i n e a r  i n t e r cep t )  of 6.9 ~ n .  
The  s p e c i m e n s  w e r e  t e s t e d  by  i m m e r s i n g  in an e l e c -  
t r i c a l l y - h e a t e d  s i l i c o n e  o i l  bath ,  s t i r r e d  with bubbl ing  
a rgon ,  in which the t e m p e r a t u r e  was ma in t a ined  con-  
s tan t  at  413 • 1 K. A f t e r  holding at  t e m p e r a t u r e  for  
25 rain,  the s p e c i m e n s  we re  pu l l ed  in an In s t ron  t e s t -  
ing mach ine  at  a cons tan t  r a t e  of c r o s s - h e a d  d i s p l a c e -  
ment  which was  equiva len t  to an in i t i a l  s t r a i n  r a t e  of 
1.33 x 10 -4 s "1. Th i s  s t r a i n  r a t e  was s e l e c t e d  b e c a u s e  
e a r l i e r  work  ind ica ted  that  i t  was within the r eg ion  
fo r  which m = 0.61.8 
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Some s c a t t e r  was ev ident  in the o v e r a l l  t en s i l e  
behav io r  of t he se  four  s p e c i m e n s .  T h r e e  of the s p e c i -  
mens  fa i l ed  a t  e longat ions  of 3400 pct ,  3800 pct ,  and 
4000 pct ,  r e s p e c t i v e l y ,  where  the e longat ion  is  d e -  
f ined as  AL/L  o pct  where  zXL i s  the to ta l  i n c r e a s e  in 
length at  the point  of f a i l u r e  and L o is  the  in i t i a l  
s p e c i m e n  gage length.  F o r  the four th  spec imen ,  the 
t e s t  was t e r m i n a t e d  p r i o r  to f r a c t u r e  at  an e longat ion  
of 4850 pct ,  when it  b e c a m e  a p p a r e n t  that  f u r t h e r  de -  
f o r m a t i o n  would b r i n g  the upper  po r t i on  of the s p e c i -  
men gr ip  above the s u r f a c e  of the s i l i cone  oi l .  The 
l a t t e r  spec imen ,  shown at  B in F ig .  1, pu l l ed  down to a 
v e r y  thin w i re ,  with no ev idence  of any m a c r o s c o p i c  
neck ing  within the gage sec t ion .  F o r  c o m p a r i s o n ,  an 
un tes ted  s p e c i m e n  i s  shown at  A in F ig .  1. 

The  excep t iona l  duc t i l i t i e s  o b s e r v e d  in these  four  
s p e c i m e n s ,  with a m a x i m u m  in one c a s e  of 4850 pc t  
without  f a i l u r e ,  r e p r e s e n t  the h ighes t  e longa t ions  r e -  
p o r t e d  to da te  in any s u p e r p l a s t i c  m a t e r i a l .  It  i s  
t h e r e f o r e  a p p r o p r i a t e  to c o m p a r e  these  e x p e r i m e n t a l  
r e s u l t s  with the p r e d i c t i o n s  of two r e l a t i o n s h i p s  which 
w e r e  s p e c i f i c a l l y  deve loped  fo r  the p e r c e n t a g e  e longa-  
t ion at  f a i l u r e .  

Burke  and Nix 6 p r e s e n t e d  a t heo ry  for  the deve lop -  
ment  of p l a s t i c  i n s t a b i l i t i e s  in t ens ion  c r e e p  due to 
m a c r o s c o p i c  i r r e g u l a r i t i e s  in the c r o s s - s e c t i o n a l  
a r e a  of the s p e c i m e n .  A c c o r d i n g  to th is  t heo ry ,  the  
p e r c e n t a g e  e longat ion  at  f a i l u r e  is  given by 7 

P c t  e longat ion  = inK1 • 100 [1] 
1 - m 

where  K1 i s  a cons tant  t yp i ca l ly  equal  to ~2 to 3. 
Tak ing  an upper  va lue  of K1 = 3, and put t ing  m = 0.61, 

Eq.  [1] p r e d i c t s  an e longat ion  a t  f a i l u r e  of ~470 pct ,  
which i s  about  an o r d e r  of magni tude  lower  than the 
e x p e r i m e n t a l  e longa t ions  f r o m  3400 pct  to >4850 pct .  
F u r t h e r m o r e ,  the t h e o r y  of c r e e p  s t ab i l i t y  was de-  
ve loped  by ignor ing  the p o s s i b i l i t y  of cav i ty  nuc l ea -  
t ion and growth  at  the  g r a i n  b o u n d a r i e s ,  so  that,  in 
p r i n c i p l e  at  l e a s t ,  Eq. [1] e s s e n t i a l l y  r e p r e s e n t s  an 
upper  l i m i t  for  the p e r c e n t a g e  e longat ion .  Although 
no c a v i t i e s  have been  r e p o r t e d  to da te  du r ing  s u p e r -  
p l a s t i c  flow of the  Pb -62  pc t  Sn eu tec t i c ,  ex t ens ive  
cav i t a t ion  was o b s e r v e d  in a s p e c i m e n  of the Zn-22  
pc t  A1 eu tec to id  d e f o r m e d  to f r a c t u r e  at ~2600 pct .  8 

In e a r l y  work  on the P b - S n  eu tec t i c  a l loy ,  M o r r i -  
son  9 s u g g e s t e d  the fol lowing e m p i r i c a l  r e l a t i o n s h i p  fo r  
the p e r c e n t a g e  e longat ion  at  f a i l u r e :  

P e t  e longat ion  = K2m2F Do ] x 100 [2] 
LLoJ 

where  K2 i s  a m a t e r i a l  cons tan t  and D o i s  the in i t i a l  
d i a m e t e r  of a round t ens i l e  spec imen .  F o r  the lab-Sn 
eu tec t i c ,  the va lue  of K2 was d e t e r m i n e d  as  ~280 for  
round  s p e c i m e n s  having  0.1 < Do/L o < 0.5. 

I t  i s  d i f f icu l t  to use  Eq. [2] fo r  the p r e s e n t  work  on 
shee t  s p e c i m e n s ,  e s p e c i a l l y  as  s p e c i m e n  g e o m e t r y  
is  an i m p o r t a n t  f e a t u r e  s ince  f la t  shee t  s p e c i m e n s  
g e n e r a l l y  exhib i t  lower  e longa t ions  than round b a r  
s p e c i m e n s  under  i den t i ca l  t e s t i n g  condi t ions  i How- 
eve r ,  if D o is  taken as  the s p e c i m e n  th i cknes s  (0.254 
cm),  the r a t i o  DolL o is  0.4, and Eq. [2] p r e d i c t s  an 
e longat ion  a t  f a i l u r e  of ~4200 pct .  The  p r e d i c t e d  value  
i s  t h e r e f o r e  of s i m i l a r  magni tude  to the e longa t ions  ob-  
s e r v e d  e x p e r i m e n t a l l y .  
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Fig .  1 - -An  e x a m p l e  o f  e x c e p t i o n a l  s u p e r p l a s t i c i t y  in the  P b - 6 2  pe t  Sn e u t e c t i c  a l loy .  S p e c i m e n  A i s  u n d e f o r m e d .  S p e c i m e n  B ,  
h a v i n g  a g r a i n  s i z e  of  6.9/~rn,  w a s  pu l l ed  in t e n s i o n  a t  413 K wi th  an  in i t i a l  s t r a i n  r a t e  o f  1 .33 • 10 -4 s - l ;  the  t e s t  w a s  d i s c o n -  
t i nued  p r i o r  to f a i l u r e  a t  an  e l o n g a t i o n  o f  4850 pc t .  

In summary :  
1) Four  specimens  of the Pb-62 pct Sn eutectic a l -  

loy, having a gra in  s ize  of 6.9 pro, exhibited excep-  
t ional  duct i l i ty  when pulled in tension at 413 K with an 
ini t ia l  s t r a in  ra te  of 1.33 • 10 "4 s -1. The elongations 
at  fa i lure  were  ->3400 pct; for one specimen,  the tes t  
was discontinued p r io r  to fa i lure  at an elongation of 
4850 pct, r ep resen t ing  the highest s t r a in  so far  r e -  
por ted  in a superp las t i c  ma te r i a l .  

2) The percentage  elongations at fa i lu re  a r e  about 
an o r d e r  of magnitude higher than the value pred ic ted  
by the theory of p las t ic  ins tabi l i t ies  in tension c reep  
developed by Burke and Nix, ~ but they a r e  in r ea son -  
able agreem mt with the empi r i ca l  re la t ionship  der ived 
by Morrisoff  ) for round bar  spec imens  of the Pb-Sn eu- 
tect ic .  
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Communication: A Note on the 
Determination of Accurate Flow 
Properties from Simple Compression 
Tests 

R. L. WOODWARD 

The s imple  compress ion  test  is  ideal  for  the d e t e r -  
mination of s t r e s s - s t r a i n  data at  high s t ra ins  and high 
s t r a in  r a t e s  as  is  requ i red  for predic t ions  of the be-  
havior  of meta l l ic  a r m o r  ma te r i a l s ,  The pr inc ipa l  
l imita t ions  of the tes t  a re  caused by f r ic t ion between 
the plat tens and spec imen ends at l a rge  d iamete r  to 
height r a t io s  (squat samples)  and buckling of the spec i -  
men at sma l l  d iamete r  to height r a t ios  (s lender  s am-  
ples) ,  Li t t le  can be done to remove  the buckling prob-  
lem but it is  possible,  by doing s eve ra l  tes ts ,  to ac-  
count for fr ict ion.  Sachs I and Cook and Larke  2 de- 
veloped a method of accounting for  the f r ic t ional  work 
done in compress ion  tes t s  by ca r ry ing  out the t e s t s  at 
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s e v e r a l  d iamete r  to height ra t ios  and ext rapola t ing the 
data obtained to ze ro  d iamete r  to height ra t io .  In this 
note a method is desc r ibed  which allows a cons iderable  
reduction in the work involved in obtaining t rue  s t r e s s -  
s t r a in  data f rom s imple  compress ion  tests ;  only two 
compress ion  tes t s  a re  required .  

F r o m  a s imple  uniform compress ion  test  the s t r a in  
is  calculated from the ini t ia l  and progressive sample  
dimensions and the applied s t r e s s  is obtained from 
the load divided by the cur ren t  specimen c ros s  sec -  
t ional a rea .  It is then neces sa ry  to remove  the f r i c -  
t ional work contribution so that the t rue  ma te r i a l  flow 
s t r e s s  can be obtained from the applied s t r e s s .  Avit-  
zur  s developed an upper bound solution to the problem 
of uniform compress ion  of a sol id  cyl inder  between 
fiat  dies; here  the applied s t r e s s  (io) is  r e l a t ed  to the 
m a t e r i a l  flow s t r e s s  (%) by 

Z = 1 + c d [1] 
% h 

where 

d is  the cyl inder  d iamete r ,  
h is  the cyl inder  height and 
C is a constant re la t ing  the shea r  s t r e s s  at the p la t -  

t en / spec imen  interface  to the ma te r i a l  flow s t r e s s  
(%). 
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