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Optimization of the Tool Geometry of PSST Using
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Abstract

Recently, the plane strain punch stretching test (called PSST) has been developed and used
successfully in the evaluation of the press formability of automotive steel sheets. In this paper, the
optimum punch geometry of the original PSST tool was investigated by the FEM analysis. The
punch length, crown and corner radius are chosen to be optimized according to the Taguchi’s

experiment technique with the L, orthogonal array.
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Fig. 1 PSST tool geometry
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Table 1 Mechanical properities of tested material
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Fig. 2 Finite element model for PSST simulation
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Table 2 Taguchi L4 orthogonal array for PSST simulation

Case A (Punchcrown) B (Punch corner radius) C (Punchlength)
1 1¢0) 1(5) 1(35)
2 1(0) 2(6) 2(36)
3 2(1) 1(5) 2(36)
4 2(1) 2(6) 1(35)
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Fig. 5 Deformed shape at punch stroke of H=18 mm
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Fig. 6 Deformed shape at punch stroke of H=34 mm
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Fig. 7 Development of major strain at the critical
two area versus punch stroke in the case 1
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Fig. 8 Thickness and minor strain versus punch stroke in the case 1

Table 3 Matrix experiment of PSST simulation with the L, orthogonal array

Exp. Column number and factor assignment Observation of minor strain
No. A B(Rp) C@L &%) 7(dB)
1 1 1 1 0.0012 58.42
2 1 2 2 0.0015 56.48
3 2 1 2 0.0005 66.02
4 2 2 1 0.0003 70.46

(1) Smaller-the-better type : 7 (dB) = — 10 logs (Jes)?
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Table 4 ANOM and ANOVA table for the PSST simulation

Factor Average 7 by level (dB) Degree of Sum of Mean

F-ratio 1 2 freedom squares square
A 57.45 68.242 T 1 111.624 111.624 6.34
B 62.22 T 36.47¢ 1 2.344 2.344
C 64.44* [ 61.25 1 15.264 B 15.264

Error 0

Total [ 3 129.232

Pooled error (2) (17.608) (17.608)

(1) Overall mean of 7 is 62.845 dB. (2) ®Indicate the optimum level. (3)
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(b) Experiment with the optimized punch

Fig. 11 Comparison of deformed shapes in experiment
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