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Wear analysis and process parameter optimization on stamping die core for
automobile reinforcing plate
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Abstract: For the large wear amount of die core in the hot stamping process of BR1500HS high-strength steel reinforcing plate, the hot
stamping wear of reinforcing plate was analyze by finite element software Deform, and the wear behavior of die core was accurately predic-
ted by establishing the material model of high-strength steel and applying the Archard modified model. Then, taking the heating tempera-
ture of sheet metal, pre-heating temperature of die core, stamping speed and die clearance as the optimization variables, which had a sig-
nificant impact on the wear of die core, and taking the maximum wear depth of die core as the optimization objective, a second-order re-
sponse surface regression analysis model for each variable regarding the optimization objective was established by using response surface
theory, the variation rule of the maximum wear depth of die core with each variable was obtained. After optimizing the model, the optimal
process parameters were determined as the heating temperature of sheet metal of 680 °C, the pre-heating temperature of die core of
380 °C, the stamping speed of 45 mm - s~ and the die clearance of 2. 25 mm. Furthermore, the actual stamping tests were conducted by
the optimized parameters, and the life of die core was increased by 32. 2%, solving the problem of severe wear of die core. At the same
time, the actual life of die core was similar to the predicted values of response surface model and finite element simulation, verifying the
accuracy of the modeling and optimization results.

Key words: high-strength steel; hot stamping; die core wear; Archard modified model; response surface model
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Fig. 2 Model of reinforcing plate (a) and schematic diagram of stamping process (b)
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Fig. 3 True stress-true strain curves at different temperatures and strain rates
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R 1 4Cr5MoSiV1 W 11 RE
Table 1 Mechanical properties of 4Cr5SMoSiV1 steel
WRE, R BIIKREY Iy ERER R s
C /GPa (x107°K™') b BE/MPa /% %

250 214 1.25 0.3 1207 45 6.1
300 210 1.28 0.3 1100 45 6.1
350 194 1.30 0.3 980 51 6.5
400 189 1.34 0.3 958 62 7.2
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Fig. 5 Finite element analysis results of die core wear before

optimization
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Table 3 Test schemes and maximum wear results of 95
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g 9.0 H
% %3/ O’
ji/: xl/DC x2/°C } X,/ mm ‘f;
s (mm - s™") (%107 mm) 3 8.5
1 650 325 60 2.1 8.48 g
B g0 -
2 800 325 45 2.1 7.92 %
3 650 400 45 2.1 8.01 fusy
m 75
4 650 325 45 2.2 7.74
5 500 400 45 2.2 8. 11 7.0 7
T T T T T T
6 650 325 60 2.3 9.10 7.0 7.5 8.0 8.5 9.0 9.5
= -6
7 650 400 60 2.2 8.91 AR TRBHNN(<10° mm)
%‘\‘I—I 11953 R SRR M| = | =t
3 650 15 30 23 7 47 Bl 6 AR RIEESUR B 1A KR ITRAU TN E 5 [0l 5 J7 A&
T f) A OGP
9 800 250 45 2.2 8. 12
Fig. 6 Correlation of die core maximum wear depth between finite
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Table 4 Variance analysis on maximum wear depth of
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Fig. 7 Relationships between maximum wear depth of die core and various parameters

(a) Heating temperature of sheet metal and pre-heating temperature of die core
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Fig. 9 Finite element analysis results of die core wear after optimization
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