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Variable blank holder force stamping technology for automotive
shield part based on FEM
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Abstract: For an automotive shield part, the influences of two kinds of loading modes for constant blank holder force and variable blank
holder force on stamping were studied by Deform finite element software, and considering the two indexes of shield quality and die life, the
optimization objective function was established by combing with grey correlation theory. Then, at the same time, the orthogonal test meth-
od was adopted, and the blank holder force of upper die at five different positions ( press amount of 0, 10, 20, 30 and 40 mm) was taken
as the test variables, the test research at different levels was carried out, and the optimal loading mode of variable blank holder force was
obtained by range analysis method. The simulation results show that compared with the constant blank holder force loading mode, the vari-
able blank holder force loading mode is more conducive to sheet metal flow, the probability of defects is smaller, the forming quality of
stamping parts is better, and the die life is longer under the same conditions, namely, the maximum thinning rate of stamping parts is re-
duced to 22. 85%, the maximum thickening rate is reduced to 7.85%, and the forming load is reduced to 488 kN. The stamping test
shows that the quality of shield parts is stable and can be mass produced, and the maximum thinning rate and the maximum thickening rate
are 23. 00% and 8. 05% respectively.
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Fig. 1 3D model of shield part

(a) Front side
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Fig. 2 Numerical modeling result
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Table 1 Constant blank holder force data

10, 20, 30 140 mm) i 31 H K /ME A 56

JEi1H1/kN

T i/ mm

T/ mm

O/ kN

&1 (k)

&(k)

& (k)

x) (k) xy (k) x5 (k) Y
130 1.532 2.232 576 1. 000 0. 000 0.324 1. 000 0.333 0. 425 0. 586
150 1. 508 2.222 541 0. 647 0.179 0. 648 0. 586 0.379 0. 587 0.517
170 1.486 2.208 503 0.324 0.429 1. 000 0.425 0. 467 1. 000 0.631
195 1. 464 2.176 611 0. 000 1. 000 0. 000 0.333 1. 000 0.333 0.555
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Table 2 Variable blank holder force data

R F,/kN F,/kN F,/kN F,/kN Fy/kN T,../mm T,./mm QKN ¥

1 130 130 130 130 130 1.532 2.232 576 0. 607
2 130 150 150 150 150 1.518 2.223 544 0.582
3 130 170 170 170 170 1.493 2.210 510 0. 602
4 130 195 195 195 195 1.473 2.178 594 0.558
5 150 130 150 170 195 1.524 2.245 608 0.514
6 150 150 130 195 170 1.522 2.203 581 0.592
7 150 170 195 130 150 1.476 2.169 501 0.775
8 150 195 170 150 130 1. 487 2.174 602 0.595
9 170 130 170 195 150 1.537 2.204 529 0.765
10 170 150 195 170 130 1.528 2.191 498 0.807
11 170 170 130 150 195 1. 534 2.189 558 0.737
12 170 195 150 130 170 1.536 2.194 587 0. 706
13 195 130 195 150 170 1.501 2.201 591 0.518
14 195 150 170 130 195 1. 487 2.187 710 0. 469
15 195 170 150 195 130 1.471 2.182 642 0.501
16 195 195 130 170 150 1.489 2.170 600 0.631
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Table 3 Range calculation results of correlation degree (kN)

RN S F, F, F F, Fy
YA 1 0. 587 0. 601 0. 642 0. 639 0. 627
{8 2 0.619 0.612 0.576 0. 608 0. 688
1 3 0.754 0. 654 0. 608 0. 638 0. 605
Y 4 0. 530 0.623 0. 665 0. 604 0.570
W2EE 0.224 0. 053 0. 089 0. 035 0.118
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Fig. 3 Loading mode of variable blank holder force
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Fig. 4 Simulation results under optimal variable blank holder force loading mode

(a) Distribution diagram of thickness ~ (b) Variation diagram of forming load ~ (¢) Distribution diagram of equivalent stress
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