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An Effective Compensation Method of Press Tool Geometry for Stamping
a Ultra High Strength Steel Center-pillar after Heat Treatment
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Abstract

Changes in the accuracy of the geometrical shape after a surface treatment are often very large due to the variation of the
deformation mechanisms such as edge draw-in and the variation in springback caused by the reduction in the coefficient of
friction between the tool and the blank. In the present study, the resulting shape accuracy due to the changes in deformation
is quantitatively examined in order to predict the variation and to remove any undesirable additional tool compensation for
the center pillar member made from steel with a UTS of 980MPa. The study examines important process parameters that are
closely related with the edge draw-in such as the blank holding force, the contact status between the tool and the blank and
the friction coefficient. The proposed method is applied within the finite element analysis of the stamping process for tools
after a surface treatment and the amount of edge draw-in and flush values are compared between the analysis and
experiments. The results demonstrate that the proposed quantification and finite element scheme are applicable to
complicated tool compensation procedures and compensation can be designed effectively.
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Fig. 5 Measurement points for the thickness distribution
after the drawing process
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Fig. 6 Distribution of the sheet thickness after forming
process before and after the surface treatment

Fig. 8 Measuring sections and points for the edge draw-
in and springback amount
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Fig. 9 Comparison of the each cross section before and
after surface treatment

Table 1 Comparison of edge draw-in before and after
the surface treatment (unit : mm)

Measuring | Before surface | After surface Deviation
points treatment(A) | treatment(B) (B-A)
Ay 14.0 16.2 2.2
A, 12.4 22.2 9.8
B, 50.8 52.7 1.9
B, 32.4 37.8 5.4
C, 54.7 56.0 1.3
C, 42.3 429 0.6
D, 50.3 53.0 2.7
D, 43.1 43.5 0.4

Table 2 Comparison of flush before and after the
surface treatment (unit : mm)

Measuring | Before surface | After surface Deviation
points treatment(A) | treatment(B) (B-A)
A 0.4 1.2 0.8
A, 0.4 0.8 0.4
B, 0.2 1.2 1.0
B, 0.1 0.3 0.2
C; -0.2 0.6 0.8
C, 0.3 0.3 0
D, 0.4 0.8 0.4
D, 0.3 0.6 0.3
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Fig.10 Change of the shape error before and after the
surface treatment
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Table 3 Friction coefficients with the friction test

Normal Sliding After Before
Pressure Speed surface surface
(MPa) (mm/min) treatment treatment

100 0.216 0.259

9.8 300 0.201 0.255
500 0.196 0.254

100 0.193 0.207

24.5 300 0.191 0.198
500 0.189 0.199

Table 4 Mechanical properties of the blank

TS (MPa) YS (MPa) E; (%) Ro,Ras,Reo
1041.7 680.1 16 0.72,1.14,0.97
K(MPa) n £ E.(MPa)
1343.7 0.085 2.67x10™ 160
Dsai Reat (MPa) C, C
0.2 0.15 400 600
EPet h ro (MPa) m
0.02 0.5 0.002 30
£ B-Y(MPa)
60 0.39
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Fig.11 Regions for the contact pair for the application of
different friction coefficients
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Fig.12 Sections for the clearance compensation between
the punch and the die
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Fig.13 Virtual compensation of the clearance between
the punch and the die
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Fig.14 Comparison of the die spotting status between
the experiment and the analysis
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Fig.15 Comparison of the edge draw-in amount between

the experiment and the analysis
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Fig.16 Comparison of the flush distribution between the

experiment and the analysis
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Table 5 Amount of tool compensation and springback
result in the cross section (unit : mm)
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Fig.18 Comparison of the edge draw-in between the
experiment and the analysis
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