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ON STRAIN RATE SENSITIVITY OF BETA-TITANIUM ALLOYS 

A. KOBAYASHI , N. TAKEDA, S. OGIHARA and Y.C. LI 

Department of Materials Science, Faculty of Engineering, The 
University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo 113, Japan 

Résumé : Des alliages de béta-titane de type Ti-15V-3Cr-3Al-3Sn sont testés en traction à 
une vitesse de déformation de 10V1 par la méthode à une barre afin de mesurer la sensibilité 
de cet alliage à la vitesse de déformation. On montre que la contrainte ultime, la déformation 
maximale associée et l'énergie absorbée augmentent avec la vitesse de déformation. Les 
courbes contrainte-déformation en dynamique sont également obtenues. 

Abstract - T1-15V-3Cr-3A1-3Sn beta-titanium alloys are 
3 

subjected to 10 /s tensile strain rate by the one 
bar method to investigate strain rate sensitivity. 

It is found that the ultimate strength,the total elongation 

and the absorbed energy,all increase with the increase in 

strain rate. Dynamical stress-strain curves are also 

obtained. 

1.Introducti on 

Titanium alloys are useful especially in ^the/aircraft structures 

as is well known. Recently,the industry is requiring more superior 

titanium alloys,among which a beta-titanium alloy is noteworthy. 

In this respect, strain rate sensitivity is investigated in the 

present paper,i.e.,high strain rate tension is applied to such 

beta Ti alloys in comparison with the quasi-static case. 

2.Preparation of Specimen 

Beta Ti alloys used in the present study is hot-rolled,solution -

treated and aged. The chemical composition,processing conditions 

and the static mechanical properties at room temperature are shown 

in Table 1. 
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I n  T a b l e  1 , P S  i s  a p r o o f  s t r e s s  w i t h  0.2% p e r m a n e n t  s e t , T S  a  t e n s i l e  
s t r e n g t h , E l  a n  e l o n g a t i o n , R A  t h e  r e d u c t i o n  i n  a r e a  a n d  C O D  c r a c k  

o p e n i n g  d i s p l a c e m e n t .  

T a b l e  1. S p e c i m e n  c h a r a c t e r i s t i c s / p r o c e s s i n g  

Chemical Composition (mass%) 

V Cr Sn A1 0 N C Fe H Ti 
14.9 3.26 3.38 3.28 0.082 0.011 0.006 0.04 0.008 bal. 

Processine Conditions 

L - I 

lOOOko beta field 1050 "C STOA 
5 ~ m m  %a t = 13mm 

Solution Treatment (ST): 800°C x 20min Water Quenching 
Aging (OA): 500°C x lOOh Air Cooling 

Static Mechanical Pro~erties at Room Temverature 

0.2XPS (GPa) TS (GPa) El (%) RA (%I Critical COD (mm) 
1.15 1.22 11 22 0.027 

S p e c i m e n  d i m e n s i o n  i s  shown i n  F i g . 1  

F i g . 1  S p e c i m e n  d i m e n s i o n s ( U n i t : m m )  



3 . L o a d i n g  a n d  M e a s u r i n g  S y s t e m s  

F o r  l o a d i n g  s y s t e m , s o - c a l l e d  t h e  o n e  b a r  m e t h o d  is  ernployed./l/ '  

T h e  v e r y  m e t h o d  w a s  d e v e l o p e d  by  D r . K a w a t a , n o w  p r o f e s s o r  e m e r i t u s  

o f  T h e  U n i v e r s i t y  o f  T o k y o , a n d  h i s  r e s e a r c h  g r o u p  t o  o b t a i n  p r e c i s e  

d y n a i h i c a l  s t r e s s - s t r a i n  c u r v e s .  A s  shown i n  F i g . 2 , t h e  s y s t e m  c o n s i s t s  

of  a n  i m p a c t  b l o c k , a  s p e c i m e n , a  hammer a n d  a n  o u t p u t  b a r .  B r i e f l y ,  

t h e  i m p a c t  b l o c k  i s  s u b j e c t e d  t o  i m p a c t  by a  h a m m e r , a t t a c h e d  t o  a  

r o t a t i n g  d i s k  when t h e  d i s k  r e a c h e s  t h e  p r e s c r i b e d  d e s i r e d  s p e e d .  

T h e n  a  g e n e r a t e d  s t r e s s  wave  i n  t h e  s p e c i m e n  p r o p a g a t e s  i n t o  t h e  

o u t p u t  b a r .  Now t h e  s t r a i n  p r o d u c e d  i n  t h i s  o u t p u t  b a r  i s  m e a s u r e d  

by  a  m e a s u r i n g  s y s t e m  a s  f o l l o w s .  

T h e  v e r y  s t r a i n  E ( t )  i s  m e a s u r e d  by s e m i c o n d u c t o r  s t r a i n  g a g e s  
g  

( 4  g a g e s  c i r c u m f e r e n t i a l l y )  a t  a  d i s t a n c e  a  f r o m  t h e  i m p a c t  e n d  of 

t h e  o u t p u t  b a r , b e f o r e  t h e  r e f l e c t e d  s t r e s s  wave  r e a c h e s  t h e s e  s t r a i n  

g a g e s .  T h e  i m p a c t  b l o c k  v e l o c i t y  V ( t )  i s  m e a s u r e d  t h r o u g h  e l e c t r o -  

o p t i c a l l y .  T h u s  t h e  s t r e s s  a n d  s t r a i n  i n  t h e  s p e c i m e n  a r e  c a l c u l a t e d  

by  t h e  o n e - d i m e n s i o n a l  s t ress  w a v e  t h e o r y  a s  f o l l o w s ;  

w h e r e  L  a n d  S a r e  l e n g t h  a n d  s e c t i o n a l  a r e a  o f  t h e  s p e c i m e n , a n d  S O , E O  

a n d  c a r e  s e c t i o n a l  a r e a , Y o u n g l s  m o d u l u s  a n d  e l a s t i c  wave  v e l o c i t y  o f  

t h e  o u t p u t  b a r .  T h e  m e a s u r i n g  s y s t e m  i s  shown i n  F i g . 2 .  

Impacl Hammer 
block 

Output bar 

I 
I I +-]+pen recorder1 

~r idc jeHTrans ient  vxlvel 
box memory lotter 

I 

extensometer 
1 4pmq Fectrn-oplicalt --------------- Y!!L---I 

F i g . 2  L o a d i n g  a n d  m e a s u r i n g  s y s t e m s  
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4 . E x p e r i m e n t a l  R e d u l t s  

-3 S t r e s s - s t r a i n  c u r v e s  f o r  t h e  q u a s i - s t a t i c  c a s e s  o f  s t r a i n  r a t e  1 0  /s  
3  a n d  f o r  t h e  d y n a m i c a l  o n e s  o f  1 0  /s a r e  s h o w n  i n  F i g s . 3  a n d  4. 

0 2 4 6 8 1 0  1 2  1 4  1 6  
S t ra in  (%) 

F i g . 3  Q u a s i - s t a t i c  c a s e s  

F i g . 4  D y n a m i c a l  c a s e s  
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1 # 1 ' f ~ 1 ~ ~ ' 1 ' 1 ' 1  
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Strain (96) 



I n  o r d e r  t o  i n v e s t i g a t e  t h e  s t r a i n  r a t e  s e n s i t i v i t y  of t h i s  b e t a -  

t i t a n i u m  a l l o y s ,  t h r e e  c h a r a c t e r i s t i c  v a l u e s ,  i . e .  , u l t i m a t e  s t r e n g t h ,  

t o t a l  e l o n g a t i o n  a n d  a b s o r b e d  e n e r g y  a r e  c o m p a r e d  w i t h  t h o s e  i n  t h e  

q u a s i - s t a t i c  c a s e s , a s  shown i n  F i g s . 5  t o  7 .  

F i g . 5  U l t i m a t e  s t r e n g t h  v s . s t r a i n  r a t e  
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F i g . 6  T o t a l  e l o n g a t i o n  v s .  s t r a i n  r a t e  

100010-4 lb-3 1 b - 2 1 0 - 1  100 10' lo2 lo3 t o 4  d 
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F i g . 7  A b s o r b e d  e n e r g y  v s .  s t r a i n  r a t e  
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A s  shown i n  F i g s . 5  t o  7 , a l l  t h e  c h a r a c t e r i s t i c  v a l u e s  i n c r e a s e  w i t h  

t h e  i n c r e a s e  i n  s t r a i n  r a t e .  T h e s e  i n c r e a s i n g  r a t i o s  a r e  r o u g h l y  

e s t i m a t e d  a s  1.1 f o r  u l t i m a t e  s t r e n g t h ,  1 . 4  f o r  t o t a l  e h o n g a t i o n  a n d  

a l s o  1 . 4  f o r  a b s o r b e d  e n e r g y .  T h u s  t h e  b e t a - t i t a n i u m  a l l o y s  g i v e  

much s t r a i n  r a t e  s e n s i t i v i t y  s o  f a r  a s  t h e  p r e s e n t  t e s t  r e s u l t s  a r e  

c o n c e r n e d .  T h i s  m e a n s  t h e  b e t a - t i t a n i u m  a l l o y s  o f f e r  v e r y  d e s i r a b l e  

p r o p e r t i e s  i n  h i g h  s t r a i n  r a t e  t e n s i o n  l o a d i n g .  

0 
a 

+ 1 
3 

I I I I 

R o s e n b e r g  f o u n d  t h e  b e t a - t i t a n i u m  a l l o y s  i n  t h e  a n n e a l e d  c o n d i t i o n  
-4 

w e r e  i n s e n s i t i v e  t o  t h e  q u a s i - s t a t i c  s t r a i n  r a t e s  r a n g i n g  f r o m  1 0  /s  

t o  2 x 1 0 ' ~ / s / ~ / .  No a v a i l a b l e  d a t a  i n  t h e  d y n a m i c a l  c a s e  a r e  

p r e s e n t e d  f o r  t h i s  b e t a - t i t a n i u m  a l l p y s  e x c e p t  f o r  t h e  p r e s e n t  s t u d y .  

1 0 0 1 0 - 4  l b - 3 1 b - 2  l b - l l O O  l o 1  1 0 2  1 0 3  l o 4  

Strain Rato ( I s )  

A c k n o w l e d g e m e n t s  - 
N i p p o n  S t e e l '  C o r p o r a t i o n  i s  a p p r e c i a t e d  f o r  o f f e r i n g  s p e c i m e n s .  
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