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Analysis and control of stamping quality for an automobile shock absorber bracket

Wei Ximing', Wang Yun', Teng Shiyi', Yang Jin®
(1. School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China;
2. Alloy Seiko Technology (Jiangsu) Co., Ltd., Taizhou 214199, China)

Abstract: The automotive shock absorber bracket with the characteristics of numerous concave and convex surfaces, spatial curves, as
well as high dimensional and positional accuracy was prone to cracking and large springback amount during stamping for QStE460TM hot-
rolled pickling steel. Then, based on the response surface method, taking the maximum thinning rate and maximum springback amount of
stamping part as the optimization objectives, and the blank hold force, stamping speed, die one-sided clearance and friction factor as the
design variables, the response surface model was determined. Furthermore, combining the second-order response surface method and De-
sign Expert, the experiment design method of Box-Behnken was used to optimize the process parameters of stamping part for bracket by
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adding the pre-flanging process, and the optimal parameters that the blank hold force of 383.7 kN, the stamping speed of 385.9 mm - s
the die one-sided clearance of 3.36 mm and the friction factor of 0. 16 were determined. The results of the trial production show that the improved
process can effectively control the stamping quality of bracket and provide the basis for optimizing the forming process of complex curved parts.
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Table 1 Chemical compositions of QStE460TM steel

( %, mass fraction)

C Si Mn P S Al Ti

<0.12 =0.35 =I1.6 <0.030 =0.025 =0.015 =0.22

+R 2 QStE460TM $REY 1216k
Table 2 Mechanical performance of QStE460TM steel

A B, FEIRERE, PRERE, WERMRKR/
- MPa MPa MPa %
BAE  550~690 460~520 520~670 19~26
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Fig. 1 Part drawings of shock absorber bracket

(a) Two-dimension drawing  (b) Three-dimension drawing
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Fig. 2 Stamping process flow of shock absorber bracket
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Fig. 5 Optimized process scheme
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Fig. 6 Simulation results after optimization

(a) Forming limit diagram

(b) Formability diagram
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Table 3 Design schemes of four-factor and three-level

orthogonal experiment

N
AKF K i L/ 5L 7] B
ij\;ﬂ)y (Tnml'_i) fm AR -
-1 200 200 2.80 (1.00) 0.14
0 300 300 3.08 (1. 1) 0.15
1 400 400 3.36 (1.21) 0.16

R4 ZBRARBIER

Table 4 Partial results of experiment schemes

B R RAW WA
Sy <ih S B/
S Fy WIRRILR o i Wy EEER
FHE A/KN

(mm - s™")

C/mm D % Y,/mm
1 300 300 3.36 0.16 19. 81 1.179
2 300 300 3.08 0.15 22.42 1. 636
3 200 200 3.08 0.15 21.01 1.599
4 300 300 3.08 0.15 22. 14 1. 566
5 200 300 3.36 0.15 20.01 1.356
6 400 400 3.08 0.15 22.46 1.623
7 300 300 2.80 0.16 23.91 1. 659
8 300 300 3.08 0.15 22.42 1. 636
9 200 300 2.80 0.15 23.63 1. 680
10 300 400 2.80 0.15 23.71 1. 650

Y, = 22.30 + 0.20004 + 0. 11678 - 1.93C +
0.0500D — 0.350048 - 0.35004C + 0. 10004D +
0. 1000BC - 0.2000CD - 0. 13334% - 0. 05838 -

0.3583C2 + 0. 016 (1)

Y, = 1.67 + 0.00284 — 0. 0234B - 0. 1708C -
0.0447D - 0. 083548 — 0. 1053AC + 0. 00284D +
0.0248BC - 0.0910CD — 0.01884> + 0. 0681B> -

0. 1396C> (2)

x5 MEEEBRFTESN

Table 5 Variance analysis of response surface model

HEp  WRRM BERERN  gite  mx

B
W R R F P
Y, 0.9791 0.9582 46. 89 <0.0001 B3
Y, 0. 7621 0. 5242 3.20 0.0033 B3
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Fig. 8 Relationships between Y, and design variables
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