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Table 1  Chemical composition of Zr-4 alloy (ω/%) 

Sn Fe Cr Ni Zr 

1.4 0.22 0.12 0.007 Bal. 
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Fig.1  True stress-true strain curves of Zr-4 alloy under different 

deformation conditions: (a) 0.001 s
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 and (b) 800 � 
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Fig.2  Effect of different deformation conditions on peak stress 

of Zr-4 alloy: (a) 0.001~0.1 s
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 and (b) 1~10 s
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Table 2  Correlation material parameters of Zr-4 alloy 
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Fig.3  Linear relationship fitting of parameters of n
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Fig.4  Correlation analysis between experimental and predicted 

flow stress of Zr-4 alloy under true strain ε=0.3 
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Fig.5  Fitting curves of 6th order function for the relationship between material parameters of α (a), n (b), lnB (c) and true strain ε 
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Table 3  Fitting coefficients of 6th order polynomial of material 

parameters of Zr-4 alloy  

α n lnB 

A

0

 491.222 9 B

0

 7.472 9 C

0

 60.961 5 

A

1

 –173.448 6 B

1

 –12.924 3 C

1

 –4.857 6 

A

2

 1252.091 3 B

2

 39.242 6 C

2

 25.089 2 

A

3

 –1520.878 5 B

3

 –67.923 4 C

3

 –55.866 1 

A

4

 46.346 6 B

4

 70.009 5 C

4

 68.829 8 

A

5

 887.609 98 B

5

 –38.921 5 C

5

 –45.112 4 

A

6

 –394.626 4 B

6

 8.791 3 C

6

 11.962 4 

�������<%e 6+ Zr-4Tx� 750~1000 �

��~���T���	
��������<_&

'<����%�����pq���T�����

�	
�n����<_&'<�����T%�e

6����������{*k0.001~1 s

-1

l����

��&'<_��;����������{*|~

1 s

-1

�����	
������[�� %¡~G

HW¢£¤¥¦§¨©ª���«¬�­®�¯°±

���²³�]X�����´­®µ¶X·

[23]

�� 

0 50 100 150 200 250 300

0

50

100

150

200

250

300

 Experimental data

  Linear fit

 

P
r
e
d

i
c
t
e
d

 
T

r
u

e
 
S

t
r
e
s
s
/
M

P
a

Experimental True Stress/MPa

R=0.986

ARE=6.12%

0.0 0.2 0.4 0.6 0.8 1.0 1.2

460

480

500

520

540

560

580

600

 

 α

 6

th

 order polynomial fit

  R=0.995

α

ε

a

0.0 0.2 0.4 0.6 0.8 1.0 1.2

5.6

5.8

6.0

6.2

6.4

6.6

6.8

7.0

 n

 6

th

 order polynomial fit

  R=0.986

n

ε 

b

0.0 0.2 0.4 0.6 0.8 1.0 1.2

60.6

60.7

60.8

60.9

61.0

61.1

 lnB

 6

th

 order polynomial fit

  R=0.992

l
n
B

ε  

c



� 2�                                 �  ���Zr-4��	
��
�������                              �529� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  ��
���� Zr-4���
��� �
!�������"#$%&'(%)* 

Fig.6  Comparison of the experimental and predicted values of flow stress from physical constitutive model based on strain compensation 

of Zr-4 alloy at different deformation temperatures: (a) 750 +, (b) 800 +, (c) 850 +, (d) 900 +, (e) 950 +, and (f) 1000 + 
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Fig.7  Correlation analysis between experimental and predicted 

flow stress of Zr-4 alloy 
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Hot Deformation Behavior and Strain Compensation 

Physical Constitutive Model of Zr-4 Alloy 

 

Feng Rui, Wang Kelu, Lu Shiqiang, Li Xin, Zhou Xuan, Zhong Mingjun 

(School of Aerospace Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China) 

 

Abstract: The isothermal constant strain rate compression experiment was carried out on Zr-4 alloy samples by Gleeble-3500 thermal 

simulator. The thermal deformation behavior was analyzed, and the physical constitutive model of Zr-4 alloy based on strain compensation 

was established by combining the influence of deformation temperature on Young’s modulus and self-diffusion coefficient. The results 

show that the peak stress of the alloy is sensitive to the deformation temperature and strain rate, and the peak stress increases with the 

increase of the strain rate or the decrease of the deformation temperature. The constructed physical constitutive model based on strain 

compensation can better predict the flow stress of the alloy in the thermal deformation process, and its correlation coefficient R is 0.986. 

The data points with the predicted value deviation less than 10% account for 93.2%, and the average relative error is 6.3%.  

Key words: Zr-4 alloy; hot deformation behavior; strain compensation; physical constitutive model 
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