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Fig.1  Diagram of a blank and its workpiece 

��Aåæ¸HIJK��Ö(1)�Kö÷lK

3ö÷�,��tg�ö÷�,� 

Q P

Q P

+ =





+ =



0

0

F F

M M

                         (5) 

<Ì�F

P

7M

P

�F

Q

7M

Q

6qµ���½µÑ#

à��P�./01Z�X���Q���KF

Q

lM

Q

[yY81#�F

Q

lM

Q

*þ½�½Ylû��½X�

�K�9� 

2

1

2

1

Q X

1 2

Q Y

d

- d

2

h

x

h

h

x

h

w σ z

h h

w σ z z



=







+

 



=

 



 



∫

∫

F

M

          (6) 

2

1

2

1

Q Y

1 2

Q Y

d

- d

2

h

y

h

h

y

h

lσ z

h h

lσ z z



=







+

 



=

 



 



∫

∫

F

M

           (7) 

Ö-�h

1

lh

2

�9��(*Aåæå��½��# 

��������

��+,-���P�Q���KF

Q

7M

Q

yz.

/01������Q�ö÷��L:;�µàÁ*

StÀ<5=�©6qµ�7�½µÑ���K-F

Q

7

-M

Q

�>?ô@�(AW��# 

����������

BCD�(�E7�ð:;(�¾:;(���

ÅÆ��û��½���F6ÁXG�½����i

HI���q# 

K3M

Q

�81*¢=�(AWéê���4	3

5�#�Á�(*þ½lû��½5�JK�9�σ

y

lσ

x

�JK�»�nL�M�û��½�J�ε

x

J�  

( )

yxx

νσσ

E

ε −=

1

                         (8) 

Ö-�νlE�9��(./�NO§lPQR�# 

 

 

 

 

 

 

 

 

 

 

 

� 2  �������	
��
 

Fig.2  Equivalent loads applied on the workpiece 
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Fig.3  Bend deformations of the workpiece: (a) constrains and  

(b) deformations 
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Fig.4  Calculation parameters for moment 
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Fig.5  Tension and compression deformations  
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Fig.6  Length variations caused by bending deformations 
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Fig.8  Initial residual stresses in the thin plate 

 

�1  ������� 

Table 1  Residual stress in each layer  
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Fig.9  Simulated results of FEM for the thin plate: (a) bending 

deformation, (b) tensile deformation, and (c) stress 

redistribution 
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Fig.10  Comparison of machining deformations and re-distribution of residual stress for the thin plate: (a) bending deformation, (b) tensile 

deformation, and (c) stress redistribution 
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Fig.11  Experiment scheme 
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Fig.12  A straight beam of a civil aircraft: (a) actual workpiece,  

and (b) simplified workpiece 
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Fig.13  Initial residual stresses of the straight beam   
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Fig.14  Simulated results of FEM for the straight beam:       

(a) Bending deformation, (b) tensile deformation, (c) 

stress redistribution 
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Fig.15  Comparison of machining deformations and re-distribution 

of residual stresses for the straight beam: (a) bending 

deformation, (b) tensile deformation, and (c) stress 

redistribution 
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Model of Release and Redistribution of Initial Residual Stresses for Machining 

Deformations of 7075 Aluminum Alloy Thick Plate 
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Abstract: Through equaling the removal of materials to the release of residual stress, the residual stress remained in the aeronautical 

monolithic component were converted into the external force according to the static equilibrium conditions, the analysis model was 

deduced for machining deformation based on the small deformation theory. Because the overall consideration on position variation was 

done by the tension/compression of neutral surface, bending of neutral surface, and rotation of end surface, the superposition principle can 

be used to formulize the mechanical model of residual stress redistribution. The proposed analytical model can be suitable for the accurate 

calculation of the machining deformation of aeronautical monolithic component, in addition to the analysis of the residual stress 

redistribution. The comparison among the model calculations, the simulated values and the experimental measurement data shows that, for 

the amplitude and deformation curve, the model calculations are in good agreement with the simulated values. Moreover, the measurement 

error of residual stress causes a small difference in the amplitude between the model calculations and the experimental measurement data, 

though the deformation curves of them have a good agreement with each other.  

Key words: 7075 aluminum alloy thick plate; release of residual stress; redistribution of residual stress; machining deformation; removal 

of material 
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