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Fig.1  Profile of the disk forging 
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Fig.2  Sketch of the strain distribution of simple solution region: 
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Table 1  Criteria values of strain distribution 

Strain Eq.(3) Eq.(4) Eq.(5) 

ε

11

=1 0.89 1 0.13 

ε

12

=1 0.89 1 0.16 

ε

22

=1 0.89 1 0.19 

 

����������

(�ÕîÍÎ��¿À��´¥¦,�A�o�

¥¦à��A��B¦âX�½�	�Â)ÍÎÏw

�¥¦2�Ttg 2 �ÍÎ����yÍÎÏwÒÙ

(8)�L@ 

1 1 2 2

f f fρ ρ= +                           à8â 

f

1

~1ñ�
��H&34��ÍÎÏw�f

2

~¡� 

.!�-���ÍÎÏw�

1

ρ �

2

ρ ~o�4w�Q§

1ñ�ÍÎÏw���+{�ÔX� 0.7� 0.3�XÊ

gM
lm@à1âh�M���
�-+.~ÍÎÖ

h�NO�
H&34�~ÍÎ�������&&

UX���0à2â(���
�-+���N
��

�NO�
H&34�0à3â(���²Mx�o�

ö,�����-+.��
½NO�
H&34�

`a�dT 

Á¸"ÆÇ�²¹º�f

1

� f

2

�òÙà5â�Ùà9â

$ê@ 

contact

2

1

A

f

A

= −                            à9â 

Ù,�A~.!���jKó'�

contact

A ~e
Ö.!

°±b/�Kó'T  

�����	
���

(��&����,­�ÌQ B�I�A1ñ�

�&���&U�Ëk�B �I�A��n�uÎ'

~��HIT ýg��B �I�A( Q,]( 2

�¿À��X1ñ½~ÛÜ�&Uk�I�Aë��

n�½î�P���,��HIwÍ½î0/X��

�6���&��&U�½ÛÜ���°Dü�
�

&U�äË"��t����6�&U¨©��Tä

Ë�N�ÌQ��/´¦§1ñ�
&UTÄ��&

����ü�
�&U/´����h������

�ÌQ����h� &UàÒw&�á&lâ¨©

1ñTÁ¸5 1 �L��
&U��
�¡ó��ò

3 b/��TäË�ÌQ5 3 �L5&1ñ��&�

��� &UTN 1 b/�N 3 b/~w&�� v

w~c{�¢{�/H�~

1

a �

1

h �

3

a �

3

h �N 2b

/X*£��~á&�� vw~ë
¤c{�O{�

ë
¤~

1

h �

3

h �O{�~

2

a T�W���&��&

U�ò���h�� vwà

1

a �

2

a �

3

a Mx

1

h �

3

h â 

 

 

 

 

 

 

 

� 3  �������	
�� 

Fig.3  Sketch of the preformed billet 
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Table 2  CCD factor levels 

Levels 

(coded) 

Volume 

percent of 

part 1, a/% 

Height 

of part 1, 

b/mm 

Height 

of part 3, 

c/mm 

Volume 

percent of 

part 3, d/% 

–2 0.1 13 13 0.2 

–1 0.325 15.5 24.75 0.35 

0 0.55 18 36.5 0.5 

1 0.775 20.5 48.25 0.65 

2 1 23 60 0.8 
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Table 3  Design project and experimental results 

Experiment 

No. 

a b c d f

1 

f

2

 f 

1 –2 0 0 0 0.3499 0.2178 0.3103 

2 0 2 0 0 0.4613 0 0.3229 

3 –1 –1 –1 –1 0.4943 0 0.3460 

4 1 1 –1 1 0.4800 0 0.3360 

5 0 0 2 0 0.4614 0 0.3230 

6 0 0 0 –2 0.5649 0 0.3954 

7 0 0 0 0 0.5619 0.2343 0.4636 

8 –1 1 1 1 0.1889 0.6058 0.3140 

9 0 0 0 0 0.5619 0.2343 0.4636 

10 0 0 0 0 0.5619 0.2343 0.4636 

11 –1 1 –1 –1 0.1768 0.7174 0.3390 

12 0 –2 0 0 0.2900 0.8813 0.4674 

13 0 0 0 0 0.5619 0.2343 0.4636 

14 0 0 0 0 0.5619 0.2343 0.4636 

15 –1 1 1 –1 0.2672 0.5164 0.3420 

16 1 1 1 –1 0.5381 0 0.3767 

17 1 –1 –1 –1 0.2903 0.8655 0.4629 

18 –1 –1 –1 –1 0.5163 0.1497 0.4063 

19 0 0 –2 0 0.5053 0.1042 0.3850 

20 –1 –1 –1 1 0.5228 0..2377 0.4373 

21 1 –1 –1 1 0.3076 0.8748 0.4778 

22 1 1 –1 –1 0.5209 0.5622 0.5333 

23 0 0 0 0 0.5619 0.2343 0.4636 

24 –1 1 –1 1 0.1721 0.6993 0.3303 

25 –1 –1 1 1 0.5394 0 0.3776 

26 2 0 0 0 0.6753 0 0.4727 

27 1 –1 1 –1 0.5954 0 0.4168 

28 0 0 0 2 0.5302 0.3268 0.4692 

29 1 1 1 1 0.5148 0 0.3604 

30 1 1 1 1 0.4625 0.5510 0.4891 

31 0 0 0 0 0.5619 0.2343 0.4636 

© M/Ã���� M.�~ 

2

2 2 2

0.46362 0.039816 0.0292

      0.014752 0.000976 0.016744

      0.015829 0.026122 0.00654

      0.013908 0.029394 0.009337

f a b

c d a

b c d

ad bd cd

= + − −

+ − −

− − −

− +

  à20â 

 Q¥P/ÃàANOVAât M.�,A�J�

i¥JMx×´J¨©cµ�/Ã�¹ºLgK 5T

�K 5 �M_�� M P È~ 0.000�A�J�i¥

JMx×´J� P È/H~ 0.000�0.000 � 0.004�

37g 0.05 à 05.0=α â�¶b���/0 M¥+ 

Xcµ�T� F·�2%�õ�I S�R

2

�

2

adj

R
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§·� M.��ÉB+{T­� R
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¼ ÈªHI b�»o�¼7T�K 3 ,N 27�16�

�A�¹º_�b ò–1 »o� 1 k�¼ Èò 0.4168

�� 0.3767T5 4 �L~N 27�16 �A�����


��hÇ� ε∆ àvWÙà6ââ/2��T5,t�¨
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ºT�5 4�M_��N 16�A�����
� ε∆ ½
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5 5~5 7 ~¼ ó�[À�ó5�lÈA5T�

5 5 �M_��p b=0�c=0 k�¼ f ªHI a ¼7

�¼7�p 1a < − k�¼ È��� 0.3 ½¿T�5 6

�M_��p a=0�c=0k�ªHI b� d»o�¼ 

È-»o«�LT�5 7�M_��p a=0�b=0�c>0.4

k�ªHI d »o�¼ È»o0p c>1.75�d<–1.25
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Table 4  Parameters for FEM simulation 

 Workpiece Dies                   Simulation condition 

Material IN718 5CrNiMo Circumstance temperature/
 20 

Temperature/
 1000 400 Friction factor 0.25 

Density/kg·m

-3

 8420 7860 Velocity of upper die/mm·s

-1 

1 

Heat conductivity/W·(m·K)

-1

 

9.304+0.01419·T 

T: temperature/K 

34.6 

Specific heat/J·(kg·K)

-1

 435 448 

Constitutive relationship of IN718, 

developed by Brand et al

17]

 

max

max max

[exp(1 )]

σ ε

σ ε

ε ε

= ⋅ ⋅ −  
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Table 5  ANOVA (analysis of variance) for the response model 

Source DF 

Adjust sum 

of squares 

Adjust 

mean square 

F P 

Regression 11 0.110789 0.010072 12.73 0.000 

Linear 4 0.065016 0.016254 20.54 0.000 

Square 4 0.031302 0.007825 9.89 0.000 

Interaction 3 0.014471 0.004824 6.09 0.004 

Residual 

error 

19 0.015038 0.000791   

Lack-of-fit 13 0.015038 0.001157   

Total 30 0.125827    

R

2 

88.05% 

2

adj

R  81.13% 

Press 0.0487180 S 0.0281327 
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Fig.4  ε∆ distribution within final forging for experiment 

27 and 16 

 

 

 

 

 

 

 

 

) 5  b=07c=08�� f9�2: a; d�<=>�) 
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Fig.5  3D surface graph and contour for the objective response 

f as a and d variables at b=0, c=0 
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Fig.6  3D surface graph and contour for objective response 

f as b and d variables at a=0, c=0 
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Fig.7  3D surface graph and contour for objective response 

f as c and d variables at a=0, b=0 
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Fig.8  Optimizing chart of response f 
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Fig.9  Optimal results for a, b, when c=0, d=0 
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Multi-Objective Preform Optimization Using RSM 

 

Yang Yanhui, Liu Dong, He Ziyan, Luo Zijian 

(Northwestern Polytechnical University, Xi’an 710072, China) 

 

Abstract: The multi-objective optimization was studied using response surface method (RSM) and FEM simulation for a preform design of 

aeroengine disk forging. Firstly, taking the deformation homogeneity within forgings and die filling completeness as the objective, a 

reduced quadratic model was developed through regression analysis and ANOVA (analysis of variance), and then the optimal results are 

obtained and discussed. Secondly, redesign and optimization were carried out to reduce the deformation load on the basis of the former 

optimization results. The results show that RSM is an effective and flexible method to realize multi-objective preform optimization design 

for hard deformed material forging. 

Key words: preform design; response surface method (RSM); FEM simulation; multi-objective optimization 
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