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RESUME : 

Nous p r o p o s o n s  une s i m u l a t i o n  monodimensionnelle  par  e l e m e n t s  f i n l s  d e  
l ' e s s a i  d e  t r a c t i o n  dynamique. Nous m e t t o n s  en Bvidence les consequences  
d ' u n e  r e d u c t i o n  l o c a l e  d e  l a  s e c t i o n  i n i t i a l e  d e  l l B p r o u v e t t e  e t  d e s  e f f e t s  
d ' i n e r t i e ,  e n  p a r t i c u l i e r  s u r  l ' h i s t o i r e  d e  l a  d e f o r m a t i o n  e t  de l a  v l t e s s e  
de d e f o r m a t i o n .  L ' i n f l u e n c e  d e s  p a r a m 6 t r e s  r h 6 o l o g i q u e s  s u r  l l B v o l u t i o n  d e  
l a  d u c t i l i t 6  e s t  Bgalement BtudiCe.  

ABSTRACT : 

A one d i m e n s i o n a l  s i m u l a t i o n  o f  t h e  dynamic t e n s i l e  t e s t ,  u s i n g  t h e  f i n i t e  
e l e m e n t s  method is proposed .  We e n l i g h t e n  t h e  consequences  o f  a  l o c a l  
r e d u c t i o n  o f  t h e  i n i t i a l  spec imen s e c t i o n  and o f  i n e r t i a  e f f e c t s ,  i n  p a r t i -  
c u l a r  on s t r a i n  and s t r a i n  r a t e  h i s t o r y .  The i n f l u e n c e  o f  t h e  r h e o i o g i c a l  
p a r a m e t e r  on t h e  d u c t i l i t y  e v o l u t i o n  h a s  been a l s o  s t u d i e d .  

1. INTRODUCTION 

Some forming p r o c e s s e  a s  c o l d  r o l l i n g ,  e x t r u s i o n ,  f a s t  machining l e a d  t o  s t r a l n  
r a t e s  g r e a t e r  t h a n  10' s .  For t h e i r  u n d e r s t a n d i n g ,  it seems t o  be e s s e n t i a l  t o  
determine t h e  m a t e r i a l s  b e h a v i o u r ,  i n  p a r t i c u l a r  d u c t i l i t y  and c o n s t i t u t i v e  equa- 
t ions .  The p r e s e n t  work d e a l s  wit.h t h e  s t u d y  o f  t h e  r h e o l o g i c a l  p a r a m e t e r s  i n f l u e n c e  
on t h e  m e t a l l i c  m a t e r i a l s  d u c t i l i t y .  S e v e r a l  t e n s i l e  t e s t s  / I ,  2/ performed on a  
cross-bow t e n s i l e  d e v i c e  d e v e l o p e d  a t  t h e  CEA e n a b l e  u s  t o  e v l d e n c e  a  t y p i c a l  
c o n s t i t u t i v e  law a t  h i g h  r a t e s  o f  s t r a i n  : 

- - 
a = a. + p E ( 1 )  w i t h  go = K E" (2 )  

Equation ( 1 )  can  be j u s t i f i e d  on t h e  b a s i s  o f  t h e  v i s c o u s  d r a g  mechanism. In  t h a t  
case, t h e  e q u a t i o n  o f  a  d i s l o c a t i o n  motion is 

- 
( a  - a O )  b  = M B  v ( 3 )  

where a is t h e  a p p l i e d  m e c h a n i c a l  s t r e s s ,  oo t h e  t h r e s h o l d  stress, b  t h e  B u r g e r s '  
vector ,  B t h e  d r a g  c o e f f i c i e n t ,  v  t h e  d i s l o c a t i o n  v e l o c i t y ,  t h e  a v e r a g e  Taylor  
fac tor .  

Combining e q u a t i o n  ( 3 )  w i t h  Orowan's  r e l a t i o n  

e = l p  b v  (4)  
l;i 

where pm is t h e  m o b i l e  d i s l o c a t i o n  d e n s i t y ,  we g e t  t h e  l i n e a r  c o n s t i t u t i v e  
equation 

BF? : U = O o + - E  ( 5 )  
Pm b2 

If some r e s e a r c h  works r e f e r  t o  t h e  l i n e a r  law,  comple te  s t u d i e s  c o n c e r n i n g  d u c t l -  
l i t y  under dynamic s o l l i c i t a t i o n s  a r e  t o o  s c a r c e  t o  deduce a  g e n e r a l  t h e o r y  on t h e  
in f luence  o f  r h e o l o g i c a l  d a t a  on dynamic d u c t i l i t y .  REGAZZONI /2, 3/ e x h i b i t e d  t h a t  
i n e r t i a l  e f f e c t s  l e a d  t o  a  g r e a t e r  d u c t i l i t y .  C o n s i d e r i n g  a  s t r a i n e d  specimen w l t h  a  
local  r e d u c t i o n  o f  s e c t i o n ,  a  f i n i t e  difference method /3 / ,  shows an e l a s t i c  un loa-  
ding f r o n t  which p r o p a g a t e s  from t h e  d e f e c t  t o  t h e  specimen e n d s  whereas t h e  p l a s t i c  
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deformation develop u n t i l  f rac tu re  i n  the necked p a r t .  These considerat ions involve 
an a d d i t i o n a l  s t r a i n  i n  the uni form region,  c a l l e d  post-uniform e longat ion,  which i s  
n e g l i g i b l e  a t  low s t r a i n  rates.  Nevertheless, some other  c h a r a c t e r i s t i c s  o f  each 
m a t e r i a l  may oppose themselves t o  t h i s  behaviour. Thus, KAWATA /4/ observes a 
decrease o f  d u c t i l i t y  f o r  body centered metals between s t a t i c  and dynamic s t ra in  
r a t e s  ( i r o n ,  molybdenum) and fo r  some hexagonal close packed metals as zinc. 

2.  NUMERICAL CALCULATIONS 

Our s imu la t ion  uses a one dimensional f i n i t e  element method. As GIANNOTTA / I /  
e x h i b i t e d  the non-inf luence o f  r a d i a l  i n e r t i a  e f f e c t s  for the major t e s t  duration, 
we d i d  no t  take i t  i n t o  account. E l a s t i c i t y  has been neglected, too. The problem IS 

solved i n  terms o f  acce le ra t ion  : the s o l u t i o n  i s  found by an i t e r a t i v e  Newton- 
Raphson algori thm, which makes the residue R(y) smal ler  than a specified tolerance, 
a t  each t ime increment. R(y) i s  obtained from the v i r t u a l  r a t e  o f  work equation : 

R(y) = I [a]  : [ E ] *  dw + I p y V *  dw = 0 ( 6 )  
Q Q 

where [ a ]  i s  the s t ress  tensor, [ E l *  the v i r t u a l  s t r a l n  r a t e  tensor, y the accelara- 
t i o n ,  v* the v i r t u a l  v e l o c i t y  and p the densi ty .  Q i s  rep resen ta t i ve  o f  the studied 
s o l i d .  

The c l a s s i c a l  boundary cond i t i on  f o r  the node s i t u a t e d  a t  the mobi le head 1s 
e m p i r i c a l l y  /I, 2/ : 

t V ( t )  = VM [ 1  - exp ( -  -) ] (7 )  
t c 

w i t h  tc = 5 ws and VM = L Eo (81, VM being the l i m i t  value o f  v e l o c i t y ,  L 
the  specimen l e n g t h  and to the nominal s t r a i n  r a t e .  We p r e f e r  the fol lowing 
equat ion t o  t h i s  law (7)  : 

V ( t )  = VM 
(9 )  

t 3  1 + (1) 
t 

owing t o  numerical convergence considerat ions,  equat ion 7 i n v o l v i n g  t o  a non zero 
value o f  acce le ra t ion  a t  the i n i t i a l  time. The f i x e d  number t l  i s  ad justed i n  order 
t o  ob ta in  the same maximal acce le ra t ion  i n  equations 7 and 9. The k inemat ica l  para- 
meters x, v and y a t  each new increment t+At are ca lcu la ted  from a semi- impl ici t  
i n t e g r a t i o n  scheme. Thus : 

A t  
v = Vo + - (y + yo)  

2 
(10) 

xo, vo and yo being the  coordinate, the v e l o c i t y  and the acce la ra t ion  at 
increment t. The c o n s t i t u t i v e  l i n e a r  s t r a i n  r a t e  law i s  used i n  our computation 
(equation 1 ) .  The sample mesh i s  c o n s t i t u t e d  by ten l i n e a r  two nodes elements 

3. VALIDATION OF THE COMPUTATION 

Our s imu la t ion  r e s u l t s  were compared w i t h  experimental data, i n  p a r t i c u l a r  with 
force-time recorded curves o r  w i t h  other computations. 

3.1. Load e v o l u t i o n  

Considering the s t ress  o and the rad ius  r o f  the extreme elem n ts ,  we are able to d obta in  the load a t  the mobile head o r  a t  the f i x e d  one : F = IIr .a (12). 
The parameters values fo r  the c o n s t i t u t i v e  equations are these ind ica ted  by 
GIANNOTTA for CuCl copper a t  2PC : 

K = 650 MPa n = 0,5 2 and p = 10- MPa. s 
The f i g u r e  1 g ives us the comparison between our one dimensional computation and the 
experimental curve which i s  made up o f  two peaks. None are observed a t  the fixed 
head. The computation shows o f f  an attenuated peak a t  the mobile head, but  i t  



600. fixed head 

Figure  1 : Comparison between t h e  exper imenta l  load ve r sus  t ime cu rve  
and computed ones a t  t h e  mobile head and f ixed  head and 
wi th  t h e  assumption o f  homogeneous s t r a i n  

appears a t  an e a r l i e r  t ime than  i n  exper imenta l  t e s t .  A two dimensional s imu la t ion  
/5/, using a modif ied  v e r s i o n  of t h e  "FORGE 2D" code which consequently t a k e s  i n t o  
account r a d i a l  i n e r t i a  e f f e c t s ,  l e a d s  us  t o  an analogous conclus ion,  and t h e r e f o r e  
to a more pronounced i n i t i a l  peak ( f i g .  2) .  

L a m  IN. I 

(notched specimen) 
ensional computation 

experlrnenlal curve 

Figure  2 : Comparison between one and two dimensional computation,  
f o r  e v o l u t i o n  o f  load ve r sus  t ime 

Beyond t h e  f i r s t  maximum and u n t i l  t h e  second maximum of  t h e  curves ,  a l l  of them a r e  
i n  good agreement.  Af t e r  t h i s  s t a g e ,  they d ive rge  aga in ,  t h e  exper imenta l  curve 
dropping down very  r a p i d l y .  We a l s o  put on f i g u r e  1,  t h e  evo lu t ion  o f  t h e  c a l c u l a t e d  
load cons ide r ing  an homogeneous s t r a i n  along t h e  specimen, i . e .  : 

"M i ( t )  = io = - (13)  
Lo 

nroL 
Hence F ( t )  = [ K  [ l n  (1 + go t ) ] "  + P to] (14)  

1 + tot 

This curve v a r i e s  i n  t h e  same manner a s  t h e  c a l c u l a t e d  ones. Thus, t he  maxlmum 
observed f o r  expe r imen ta l  and computed curves  is a d i r e c t  consequence o f  t he  c o n s t l -  
tu t ive  equa t ion .  The computation does not  show a r ap id  decrease  a f t e r  t h e  maxlmum, 
but it does no t  t ake  i n t o  account damage e f f e c t s .  This can be done by us ing a two 
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dimensional s imu la t ion  of notched specimem. A 3 L reduc t ion  of sec t ion  i n  the middle 
of the  sample leads t o  a r a p i d  decrease o f  the load, much c l o s e r  t o  the experimental 
curve. 

3.2. Evo lu t ion  o f  s t r a i n  r a t e  and s t r a i n  along t h e  specimen 

F igure  3 shows i n e r t i a  e f fec ts .  I n  each element, the s t r a i n  r a t e  evolves w i t h  damped 
o s c i l l a t i o n s .  The f i r s t  maximum a t  the  mobi le head i s  very pronounced. As we move 

WOO. 1. 
S h l "  m t s  (I/.. l 

I 

element 10 (mbde head) 

WOO. 

SOD. 

2100. 

1200. 

0. 
O.OOff*@O 0.IOff-03 0.20ff-03 0. iOff-@? 0.40ff-03 O.'Off-03 

3.3. Post un i form e longa t ion  

F igure  3 : Evo lu t ion  o f  s t r a i n  r a t e  versus the  t ime 
5w,n a t  d i f f e r e n t  element o f  the specimen 

I n  order t o  character ize more p roper l y  the dynamic e longat ion s t a b i l i t y ,  the i n i t i a l  
specimen geometry has been modi f ied as i n  REGAZZONI's works /3 / .  Dynamic tensi le 
c a l c u l a t i o n s  are performed on notched sample, c o n s i s t i n g  i n  a reduc t ion  o f  1 % of  
the  f i f t h  element rad ius  value. A f t e r  a f i r s t  homogenization, the weak element is 

0.0800 . 

0 . w o  . 

O.MBO 

0.0320 . 

0.0160 

42 ps. 

39 Is. :::I:::: 29 P6. 

/ 8 Ps. 
25 (IS. ,/' 

/'",.,/ 

19 ps. / 
,/' 

15 us. 
_r- 
: 4ps. 

0.0000 
/, 

0.0000 0.0030 e.oOr.0 0.0100 0.0120 0.01-0 

L ~ Y "  r t n d i r m f c  

FIXED HEAD MOBILE HEAD 

F igure  4 : S t r a i n  versus the Lagrange coord inate f o r  d i f f e r e n t  t ime increments 

t o  the f i x e d  head, i t s  ampli tude decreases and i t  appears a few microseconds l a t e r .  
We observe a f i r s t  t r a n s i e n t  homogeneization o f  s t r a i n  r a t e  a t  65 ps (node osc i l l a -  
t i o n ) .  It can be considered s t a b i l i z e d  a t  about 140 ps. Consequently, the s t ra in  
along the  specimen (versus the  Lagrange coord inate)  i s  concentrated a t  the mobile 
head a t  the  e a r l y  stage o f  the t e s t  as proved on f i g u r e  4. The s t r a i n  a t  f i x e d  head 
tends p rogress ive ly  towards the value a t  the mobi le one. We observe a f i r s t  homoge- 
n e i z a t i o n  a t  40 ps. 
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F i g u r e  5 . E v o l u t i o n  o f  s t r a i n  a l o n g  t h e  specimen a t  d i f f e r e n t  t ime  increment  

f o r  a  n o t c h e d  spec imen 

s t r a i n e d  more r a p i d l y  t h a n  t h e  o t h e r s .  A s  n o t i f i e d  i n  REGAZZONI's r e s e a r c h ,  d u r l n g  
t h e  second s t a g e ,  t h e  s t r a i n  i n  t h e  homogeneous p a r t  d e c r e a s e s  p r o g r e s s i v e l y  b u t  1s 
not n e g l i g i b l e .  We assume t h e  f o l l o w i n g  d e f i n i t i o n  : pos t -un i form e l o n g a t i o n  is t h e  
s t r a i n  of  t h e  homogeneous p a r t  o f  t h e  specimen between two p a r t i c u l a r  moments tl and 
t2 c o r r e s p o n d i n g  t o  i n c r e m e n t s  number n l  and n2 a s  : 

V a r i a t i o n  of  t h e  r a d i u s  o f  t h e  weakened e l e m e n t  between i n c r e m e n t s  n l - I  and n l  >- 
V a r i a t i o n  o f  t h e  mean r a d i u s  o f  t h e  o t h e r  e l e m e n t s  between i n c r e m e n t s  nl-I  and 
n i  

V a r i a t i o n  o f  t h e  mean r a d i u s  o f  t h e  homoaeneous p a r t  e l e m e n t s  between 
increments  n2-I and n2 > 1 , l  
V a r i a t i o n  o f  t h e  mean r a d i u s  o f  t h e  homoqeneous p a r t  e l e m e n t s  between 
increments  n2 and n2+1 

The pos t -un i form d e f o r m a t i o n  v a r i e s  l i n e a r l y  w i t h  s t r a i n  r a t e  between 250 s-', I n  
agreement w i t h  REGAZZONI's r e s u l t s .  Beyond t h i s  s t r a i n  r a t e  r a n g e ,  it seems t h a t  
post-uniform e l o n g a t i o n  e v o l u t i o n  is more complex. 

4. INFLUENCE OF TEST CONDlTIONS 

4.1. I n f l u e n c e  o f  t h e  d e f e c t  p o s i t i o n  

The d e f e c t  p o s i t i o n  h a s  n o t  a  g r e a t  i n f l u e n c e  on dynamic t e n s i l e  e l o n g a t i o n .  When we 
modify t h e  d e f e c t  s i t e  a l o n g  t h e  specimen , t h e  e v o l u t i o n  o f  s t r a i n  and post-uniform 
deformat ion  ( T a b l e  I )  is q u i t e  s i m i l a r  i n  a l l  t h e  c a s e s ,  e x c e p t  a t  t h e  mobi le  head 
where t h e  neck s a r t s  t o  p r o p a g a t e  e a r l i e r  : moment tl is e q u a l  t o  80 p s  a g a i n s t  k .  220 p s  a t  2000 s- I n  t h e  o t h e r  s i t u a t i o n s .  

T a b l e  I : Value o f  pos t -un i form d e f o r m a t i o n  f o r  d i f f e r e n t  d e f e c t  p o s i t i o n s  

d e f e c t  p o s i t i o n  I Element 2 1 Element 5 1 Element 8 1 Element 10 ( 
mobi le  head 

4.2. I n f l u e n c e  o f  s t r a i n  r a t e  

Pos t -un i form d e f o r m a t i o n  Z 

A non- l .near  pos t -un i form e l o n g a t i o n  v e r s u s  s t r a i n  r a t e  h a s  been observed  beyond 
zoo0 s-'. The f o l l o w i n g  r e s u l t s  ( T a b l e  XI) ,  were o b t a i n e d  f o r  a  d e f e c t  l o c a t e d  on 
the f i f t h  e l e m e n t .  

1 5 , s  1 5 , 4  1 3  37 ,8  
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Table I1  : Value o f  post-uniform deformation f o r  d i f f e r e n t  s t r a i n  r a t e s  

Post-uniform deformation increases up t o  6000 s - l ,  passes through a maximum and 
decreases t o  a near l y  zero value a t  10000 s - l .  A t  t h i s  ' s t r a i n  r a t e ,  the moments tl 
and t 2  appear e a r l y  and are near from each other  ( t i  = 92 ~s and t 2  = 109 ps). A t  
such h i g h  s t r a i n  rates,  i n  s p i t e  o f  the weakened element a t  the middle o f  the 
specimen, s t r a i n  concentrates a t  the mobile head. 

Taking t h i s  remark i n t o  account, the same study has been undertaken w i t h  the reduc- 
t i o n  o f  sec t ion  located a t  the mobile head. I n  t h a t  case, post-uniform deformation 
decreases as soon as 2000 s - l .  

Nominal s t r a i n  r a t e  s-' 

P o s t - u n i f o r m d e f o r m a t i o n 5  

Table 111 : Value o f  post-uniform deformation f o r  d i f f e r e n t  s t r a i n  r a t e s  

8000 

24,5 

Therefore, the s t r a i n  l o c a l i z e d  a t  the mobi le head leads t o  a decrease o f  post 
un i form deformation versus s t r a i n  r a t e .  Conseque t l y ,  d u c t i l i t y  evolves i n  the same 7 manner f o r  very h igh  s t r a i n  r a t e s  (up t o  6000 s- ) wherever the defect  p o s i t i o n  or 
f o r  the defect  a t  the mobile head whatever the s t r a i n  r a t e .  

9000 

1.6 

3000 

16,3 

5. INFLUENCE OF RHEOLOGICAL PARAMETERS AND MATERIAL DENSITY 

5000 

21,8 

10000 

0,07 

4000 

18,8 

Nominal s t r a i n  r a t e  s-I 

Post-uniform deformation 5 

Many computations have been performed from d i f f e r e n t  r h e o l o g i c a l  parameters and 
m a t e r i a l  dens i t y  values, vary ing i n  a range geduced from3 the l i t e r a t y r e .  So the 
f o l l o w i n g  garameters w r e  used : p = 2700 kg/m , 8920 kg/m , 16600 kg/m ; $ = 10- f MPa.s, 10- MPa.s, 10- MPa.s ; K = 200 MPa, 1000 MPa ; n = 0.2, 0.5. 

4000 

21,6 

D u c t i l i t y  evo lu t ion  was character ized by post-uniform e longat ion and by the area 
reduct.ion c o e f f i c i e n t  Z, w i t h  : 

S ( t )  - so 
Z = = 1 - -  r 2 ( t )  (15) 

S o  r2 0 

6000 

27,l 

2000 

37,8 

where S ( t )  and r ( t )  are the sec t ion  and the rad ius  o f  the weakened element a t  the 
t ime t, So and ro the i n i t i a l  sec t ion  and the i n i t i a l  rad ius  o f  the weakened 
element. Computation r e s u l t s  are p a r t i a l l y  presented on f i g u r e  6 and tab les  I V  and 
v. 

7000 

27,3 

5000 

16,2 

3000 

26,9 

Table I V  : Value o f  post-uniform Table V : Value o f  post-uniform 
e longa t ion  w i t h  K = 1000 MPa and 2 e longa t ion  w i t h  $ = 10- MPa and 
n = 0.5 n = 0.5 

6000 

15,9 

KMPa 
p kg/m3 \ 

2700 

8920 

16600 

9000 

15 

10000 

14,7 

200 

21,6 

24,l 

24,3 

1000 

15,3 

14,6 

13,5 
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F i g u r e  6  : E v o l u t i o n  o f  a e r a  r e d u c t i o n  c o e f f i c i e n t  f o r  d i f f e r e n t  d e n s l t l e s  p 
and p c o e f f i f i e n t s  w i t h  K = 1000 MPa o r  K = 200 MPa, n  = 0.5 a t  
io = 3000 S- 

The a r e a  r e d u c t i o n  c o e f f i c i e n t  Z is p a r t i c u l a r l y  s e n s i t i v e  t o  t h e  r h e o l o g i c a l  p a r a -  
1 meters f3 and K. Thus, a  h i g h  v a l u e  o f  p  ( p  = 10- MPa.s), and a  s m a l l  one f o r  K l e a d  

t o  optima c o n d i t i o n s  i . e .  t o  t h e  h i g h e s t  pos t -un i form e l o n g a t i o n  and t o  t h e  s l o w e s t  
i n c r e a s e  o f  p a r a m e t e r  Z.  On t h e  o t h e r  hand ,  t h e  d e n s i t y  and t h e  c o e f f i c i e n t  n  have 
not a  g r e a t  i n f l u e n c e  i n  s p i t e  o f  a  non n e g l i g i b l e  r e l a t i o n  between d e n s i t y  and 
i n e r t i a  e f f e c t s .  N e v e r t h e l e s s ,  a  h i g h  v a l u e  o f  hardening  c o e f f i c i e n t  n  and o f  
d e n s i t y  a r e  f a v o u r a b l e  t o  d u c t i l i t y  e v o l u t i o n  i n  dynamic c o n d i t i o n s .  The i d e a l  
c o n d i t i o n s  a r e  o b t a i n e d  w i t h  : 

3 
p = 16600 k g / m ,  K = 200MPa,  n  = 0 , s  and p  = 10-I MPa.s 

They do n o t  c o r r e s p o n d  t o  an a c t u a l  m a t e r i a l  b u t  t o  a  combina t ion  o f  p a r a m e t e r s  
repor ted  on v a r i o u s  m a t e r i a l s .  In t h a t  c a s e ,  t h e  e v o l u t i o n  of  parameter  Z is i n  good 
agreement w i t h  t h e  one c a l c u l a t e d  i n  t h e  assumpt ion  o f  homogeneous s t r a i n  : 

SO t h e  s t r a i n  i n  t h e  necked e lement  i n c r e a s e s  s l o w l y  and remains  o f  t h e  same o r d e r  
as t h e  one i n  t h e  o t h e r  e l e m e n t s .  We p l o t t e d  on f i g u r e  7,  t h e  evolution o f  s t r a i n  
r a t e  s e n s i v i t y  p a r a m e t e r  : 

versus  t h e  spec imen e l o n g a t i o n  : m r e a c h e s  h i g h  v a l u e s ,  e s p e c i a l l y  a t  t h e  e a r l y  
s t a g e  o f  t h e  t e s t ,  where it is n e a r l y  e q u a l  t o  one ,  a s  i n  t h e  c a s e  o f  a s u p e r p l a s t l c  
m a t e r i a l .  Meanwhile, t h e  c o n s i d e r e d  s t r a i n  r a t e  s c a l e  and t h e  micromechanlsm 
impl ied ,  a r e  v e r y  e v i d e n t l y  q u i t e  d i f f e r e n t .  T k  c u r v e  remains  wide ly  over  t h e  one 
c a l c u l a t e d  w i t h  t h e  r h e o l o g i c a l  p a r a m e t e r s  o f  CuCl a t  2 P C .  

The f o r c e  a t  t h e  m o b i l e  head l e a d s  u s  t o  t h e  same c o n c l u s i o n .  The c u r v e  p r e s e n t s  t h e  
same c h a r a c t e r i s t i c s  t h a n  t h e  l o a d  evolu t . ion  of  a  s u p e r p l a s t i c  m a t e r i a l  : a f t e r  a  
very pronounced i : l i t . i a l  peak ,  we o b s e r v e  an h y p e r b o l i c  d e c r e a s e  ( f i g u r e  7 ) -  
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F i g u r e  7 : E v o l u t i o n  o f  t h e  s t r a i n  rate 
t h e  l o a d  v e r s u s  e l o n g a t i o n  a t  

6. CONCLUSION 

The c o m p u t a t i o n  c o d e  d e v e l o p e d  i n  t h i s  s t u d y  e n a b l e s  u s  t o  u n d e r s t a n d  the  
deve lopment  o f  t h e  dynamic t e n s i l e  test,  p a r t i c u l a r l y  t h e  complex s t o r y  o f  s t r a i n  
r a t e  and s t r a i n  i n  t h e  spec imen.  As i n  REGAZZONI's, pos t -un i form d e f o r m a t i o n  has 
been  e n l i g h t e n e d  which e n a b l e s  u s  t o  j u s t i f y  t h e  d u c t i l i t y  i n c r e a s e  measured on 
f a c e  c e n t e r e d  c u b i c  m a t e r i a l s ,  between q u a s i s t a t i c  and dynamic s t r a i n  r a t e s .  In 
s p i t e  o f  i n e r t i a  e f f e c t s ,  t h e  growth o f  t h e  necked p a r t  o f  t h e  specimen is not 
i n f l u e n c e d  by its p o s i t i o n  a l o n g  t h e  sample ,  e x c e p t  a t  t h e  mobi le  head .  In t h a t  
c a s e ,  pos t -un i form d e f o r m a t i o r j  d e c r e a s e s  v e r s u s  t h e  s t r a i n  r a t e ,  whereas  it i s  
a l w a y s  i n c r e a s i n g  up t o  6000 s- f o r  t h e  o t h e r  s i t u a t i o n s .  

A s m a l l  v a l u e  o f  t h e  c o e f f i c i e n t .  K and a  h i g h  one  f o r  i3 l e a d  t o  h i g h  v a l u e s  of  the  
s t r a i n  r a t e  s e n s i t i v i t y  p a r a m e t e r ,  and c o n s e q u e n t l y  l e a d  t o  a  b e h a v i o u r  a n a l o g o u s  to 
a  s u p e r p l a s t i c  m a t e r i a l ,  b u t  f o r  a  h i g h  s t r a i n  r a t e  r a n g e .  A h i g h  d e n s i t y  i s  
f a v o u r a b l e  owing t o  i n e r t i a  e f f e c t s ,  b u t  i t s  i n f l u e n c e  is n e g l i g i b l e  i n  comparison 
w i t h  r h e o l o g i c a l  p a r a m e t e r s .  

N e v e r t h e l e s s ,  t h i s  c o m p u t a t i o n  c a n n o t  be  d i s s o c i a t e d  from e x p e r i m e n t a l  r e s u l t s .  
O t h e r  p a r a m e t e r s ,  c h a r a c t e r i s t i c  o f  e a c h  m a t e r i a l s  ( c r i s t a l l o g r a p h i c  s t r u c t u r e ,  
micromechanism o f  s t r a i n ) ,  which a r e  n o t  t a k e n  i n t o  a c c o u n t  i n  t h e s e  calculations 
may have  o p p o s i t e  e f f e c t s .  On t h e  o t h e r  hand ,  improvements o f  t h e . m e t h o d  can  be 
done ,  i n  p a r t i c u l a r  by t a k i n g  i n t o  c o n s i d e r a t i o n  t h e r m a l  e f f e c t s .  
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