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Fig.1  Specimen configuration (mm) 
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Table 1   Tensile mechanical properties of specimens 

Specimen 

Elastic 

modulus/GPa 

Tensile 

strength/MPa 

Elongation/% 

T1 275.93 442.79 3.86 

T2 300.27 536.69 4.51 

T3 304.57 560.63 5.19 

T4 317.47 542.58 6.01 
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Fig.2   Uniaxial cyclic loading/unloading stress-strain curve of 

specimen T3 
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Fig.3   Unloading/loading curve of specimen T3 at the prestrain 

of 2.25%  
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Fig.4  Relationship between inelastic recovery strain and plastic strain of different specimens: (a) T1, (b) T2, (c) T3, and (d) T4 

0 1 2 3 4 5 6

0.00

0.04

0.08

0.12

0.16

 Measurement

 Fit

I
n
e
l
a
s
t
i
c
 
R

e
c
o

v
e
r
y

 
S

t
r
a
i
n

,
 
ε

i
e
 

/
%

a

ε

ie

=0.05249ε

p

0.4848

 

 

0 1 2 3 4 5 6

0.00

0.04

0.08

0.12

0.16

ε

ie

=0.06727ε

p

0.373 2

 M easurement

 Fit

b

 

0 1 2 3 4 5 6

0.00

0.04

0.08

0.12

0.16

 Measurement

 Fit

I
n
e
l
a
s
t
i
c
 
R

e
c
o

v
e
r
y

 
S

t
r
a
i
n

,
 
ε

i
e

/
%

Plastic Strain, ε

p 

/%

c

ε

ie

=0.06731ε

p

0.363 4

 

0 1 2 3 4 5 6

0.00

0.04

0.08

0.12

0.16

ε

ie

=0.07425ε

p

0.3719

 Measurement

 Fit

Plastic Strain, ε

p 

/%

d

 



� 12 �                              ������	
��
������������                           �3957� 

�����(2)�(3)��	
��
��������� 

��������� ε

ie

 ε

p

!�"#$�%&�

'( a�b)*+��,-.�/01/23(�(2)�

(3)45" a�b  ������ σ "!���67�

8+ lna�b9 σ:;<
�!��= 

2

ln

a a a

a A B Cσ σ= + +                      

>4?

 

2

b b b

b A B Cσ σ= + +                       >5? 

�@�A

a

�B

a

�C

a

 �A

b

�B

b

�C

b

6A,B�"CDE�� 

/�"�*CDFGHI 5�I@/JK"CD

L R

2

MN 0.995~0.9996O� 

(I 5�PQR�E� a�b/SJKNI@TU

T1~T4 "01VW<XYZ�[01<X,U\]�

^_M"`a45">Hb 1?��Pcd�]�^_

� a�b�ef#$�(b 1gh<Xij�klm"

`a<X�no"�klm"6p�q`��rst

&uvwx>y\,z{|1"}�~�?���]�

^_M�5�h�]�^_ klm��h�4"�

�!����n5"t&�� 

�������"#$�(4)��(5)���(2)��

�N�j�������	
 ε

ie

 ε

p

!�"�nb�

�� 

( )

2

2

ie p

exp

b b b

A B C

a a a

A B C

σ σ

ε σ σ ε

+ +

= + +         >6? 

6A�R/01N�j�������" ε

ie

 ε

p

0�

���(�(6)��"CDJK�HI 6� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  �������	
��
�� 

Fig.5  Relationship between fit parameters and unloading stress 

level: (a) lna-σ and (b) b-σ 
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Fig.6  Relationship between inelastic recovery strain and plastic strain at different unloading levels: (a) T1, (b) T2, (c) T3, and (d) T4 
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 7  b�a������ 

Fig.7  Interrelation between b and a 
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Fig.8  Interrelation between Q and P 
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Fig.9   Relationship between inelastic recovery strain and plastic strain in each cycle: (a) T1, (b) T2, (c) T3, and (d) T4 
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Fig.10  Mathematical characteristics of parameters k, ε
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Abstract: With the uniaxial cyclic loading/unloading test at room temperature, the data of the plastic deformation, elastic recovery 

deformation and inelastic recovery deformation of polycrystalline beryllium samples with different elongation were obtained. 

Investigation on mathematical characteristics of the inelastic recovery was carried out, and corresponding expression functions were 

obtained. The results indicate that after completely unloading, the relationship between inelastic recovery strain and plastic strain of 

beryllium can be described by the power function; even being incomplete unloading, their relationship can also be described by the power 

function; all the two function parameters are related to the unloading stress level in analytic form with the square polynomials, and the 

linear correlativity is presented between the two parameters; in the same unloading cycle, the relationship between inelastic recovery 

strain and plastic strain can be described by the square polynomials, and at least two function parameters show the universal mathematical 

characteristics beyond specific samples; the modulus of elasticity (also maybe the elongation) is closely relevant to trends of change of all 

mathematical model parameters. 

Key words: polycrystalline beryllium; cyclic loading/unloading; inelastic recovery; power function 
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