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Optimization of Anomaly Box-Shaped Product Forming
Based on RSM and Gray Relational Analysis

XIONG Wentao' , LIU Hongbin' ,HUO Shouping

(1. Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology , Kunming 650504 , China;

2. College of Mechatronic Engineering, Yunnan Open University , Kunming 650223 , China)

Abstract ; Based on gray relational analysis and RSM model, simulate analysis on the stamping process of a certain type

of anomaly box-shaped product was proposed by using the finite element analysis software of Dynaform. The orthogonal

was used to design to get the combinations in different parameter. Based on the gray relation theory the data were

obtained from last step to get the mainly factors influencing the ratio of thinning, which included the blank holder force

and drawbead restraining force. According to the central composite design (CCD) and RSM, the optimization target and

the two regression model of main influencing factors was established. Setting the objective function of sheet forming by

the curves of FLD can, the optimal drawing resistance and blank holder force were acquired easily. The numerical

simulation results show that the optimized parameters can effectively improve the formability and quality of sheet metal.

Key words: metal forming; maximum thinning rate; gray relational analysis; respond surface method ( RSM) ; Design

Exper software ; drawbead
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Figure 1  Finite element model of non-standard box
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Table 2 Factors and levels of orthogonal test
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Table 3  Results of orthogonal tests

B
e Wil %
A B ¢ D
1 1 1 1 1 20.915
2 1 2 2 2 23.038
3 1 3 3 3 24.646
4 1 4 4 4 26.920
5 1 5 5 5 30.454
6 2 1 2 3 24.962
7 2 2 3 4 26. 801
8 2 3 4 5 30.930
9 2 4 5 1 22.738
10 2 5 1 2 24.781
1 3 1 3 5 30.303
12 3 2 4 1 21.828
13 3 3 5 2 23.566
14 3 4 1 3 26.975
15 3 5 2 4 29.971
16 4 1 4 2 23.252
17 4 2 5 3 25.508
18 4 3 1 4 28.382
19 4 4 2 5 34.275
20 4 5 3 1 24.018
21 5 1 5 4 27.561
2 5 2 1 5 32.199
23 5 3 2 1 22.711
24 5 4 3 2 25.508
25 5 5 4 3 28.471
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Figure 2 Arrangement of drawbead
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Table 4 Correlation degree of each factor to thinning rate

A 0.620 2 0.602 7
B 0.607 2 D 0.764 9
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Figure 3 Limit curve diagram of FLD forming

NP 3 R, BT FLD JSOE AR R 26 ) 72 OBk
BB FAR R8T

min(g) = (3125¢L-+32251A)1”;

; _{(8§—¢<83))2 g >p(ey),
0 eis<e(&);
e <w(s&h),

dwz{(t/f(eé)—ell)z | .
0 ezw(e)).
Kee, HENAE 0, HRINAS s M AR A BRI
TR d NP RAE bR d, R AR bR By L By AU,
BOR By +By = 1o B TR B L0 2 45 ) 7 [ 45 o
BB LB I BUE Y 0.5
3.2 E-TFmmiz B SEMAL SWIE

U A 1% 1T (central composite design, CCD) fE
BTy 1) 1 AR B A — SR RE A A B, ELA 4 Y
L RSB R BRI R AR —BEOE R B, A

T REB A 250 A e D . AR SR A CCD itk it
S7 [ YRR AT SRS TR PR R B A T T AR A

Hi 2.3 /NS AT, AR 5] epe S A BE O A3 ) o
SRR N A RO AR B Y 2 A F =R
Gy CCD ¥4 S5 R4CRLAE BH A T 33 g 2 w7 T 1Y 2
AN AR, i A OB PN a5 R . =X (1) w0,
TSR, B AR R Y 3 FNRLAE A RE T S Y
M W ASE R

y =101. 845 360 - 0. 361 850x, — 3. 526 320x, +
0. 012 006x,x, —2. 614 6 x 10*x7 +0. 033 49943 ,
a2, 3 BRI ) AAE R IERE ) o

e 4 7R R ZE RSB E R ELRE,
RUIARRLIU G TR PR S

991
95
901
< 2ol
by
B 20r
&40
R0k
1o
]_‘;-‘ 5 = -
ik
1 1 1 1 1
2.00 -1.00 0.00 1.00 200  3.00
FRE%

M4 EREESHSHA

Figure 4 Normal plot of residuals
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Figure 5 Response surface of objective function
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Table 5 Comparison of maximum thinning

rate before and after optimization
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