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Blank Design of SPFH 590 Steel Sheet for Stamping of Center Hinge of Automotive via
Analysis of Transfer Forming Process with Multi-Stages
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The aim of this paper is to design the blank shape of SPFH 590 high strength steel for stamping
of the center hinge of automotive via numerical analyses and experiments for mulli-stages
transfer forming process. Three-dimensional elasto-plastic finite element analyses for the transfer
forming process with six stages were performed using a commercial code AUTOFORM V4.2. The
influence of the blank shape on the formability and the shape conformity were quantitatively
examined through the FE analyses. From the results of the FE analysis, a feasible shape of the
blank and the forming load were estimated. Stamping experiments were carried out using the
proposed blank shape. The results of experiments were shown that the center hinge parts with
the desired shapes can be manufactured successfully as the proposed blank shape is used.
Through the comparison of the results of the experiments with those of the analyses, it was
shown that the estimation of blank shape using the FE analysis is a proper methodology fo create
a feasible shape of the blank for the center hinge of automotive

Key Words: Blank Design (2% 3 7)), High Strength Steel Sheet (2 2& ZH ), Center Hinge (M1 31 X]), Formability
(H ), Shape Conformity (H 4 HBX)
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Fig. Z(a) Design of the tools and the products for the first
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Deformed Shape ""1
Fig. 2(b) Design of the tools and the products for the
third and fourth stages (piercing and cutting

stages)
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Fig. 2(c) Design of the tools and the products for the
fifth and sixth stages (bending and piercing

stages)
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Table 1 Chemical compositions of SPFH 590 high
strength steel (wt%) '

C Si Mn p S

<0.15 | 1.45~1.55 | £0.025 | £0.003

gol elFeiA= Al 1
B ANzl HeF ==Y
@k #e 27 B9 38E
1 £33 AA 4 X9 2A
WAste] Fig. 3(b)et e W 3
SHATH olm) EE AALY &%
st =3

tlo
il
2
ofs
o
3L
=

3 A st B3 AACHS
g 3 Table 2 &+ 72T},
105 _
9,
..... >
Do,
B,
05
O H
----- g .é1
9,
X

Fig. 3(a) Initial design (D1) of the blank shape and
characteristics dimensions for the blank

design

Fig. 3(b) Alternative desxgns of the blank shape
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Table 2 Characteristic dimensions of the blank according
to design alternatives

Design | DI D2 D3 D4 D5

X (mm)| 4065 | 413.6 | 397.5 | 399.7 | 399.5

Y (mm)| 399.7 | 390.5| 3905 | 3905 | 391.5

6. (") 23.0 18.0 12.0 18.5 24.0

6,0 149.0 | 1485 | 137.0 | 136.0 | 143.0

0,¢) | 215| 200 265 270 250

6, () 154.0 | 148.0 | 146.0 | 146.0 | 148.0

0sC) | 130 9.0 9.0 9.0 7.0

65 (®) 21.0 25.0 26.5 27.0 22.0

0,() | 335| 375, 440 425 33.0

0: () 263.0 | 257.5 | 251.0 | 247.0 | 252.0
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AUTOFORM V4.2 & AM&-3t3ith

Table 3 Number of meshes and those refinement levels

Desi Stat Elements | Nodes | Refinement
esign) SEUS | gA)y | (BA) | Level
Initial 1,233 707
D1 4

Final 13,131 | 6,677

Initial 1,263 719
D2 " 4
Final 12,915 6,562

Initial 1,308 742
D3 . 4
Final 12,677 6,459
Initial 1,386 785
D4 n'] ia 4
Final 12,812 6,517
Initial 1,317 747

Final 12,663 6,445

A3 TAel SPFH 590 9] A 3.2 mm o],
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sy, A AR S A% 53 CAD HlolH
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T2 FAsUT E93 AdAS E 27 2 HF
LaTEE Table 33 ZoH, AR AR FEL
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Table 4 Mechanical properties of SPFH 590 high strength

steel sheet
Young’s . , Yield Tensile
modulus PO'SS,OH S strength | Strength Ma)‘(.
GPa) | ™0 | (Mpa) | (MPa) | strain
207.7 0.28 4752 671 021
_ _0.122
c(MPa)=810¢ )
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Fig. 4(b) Formability of the blank design D3 at the first
and second stages
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Fig. 4(c) Formability of the blank design D3, D4 and D5
in final stage
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Fig. 6(a) Conformlty of the finally stamped product for
blank design D3 and D4 to the basic design of
the center hinge at the final stage
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Fig. 7(a) Measured regions of dimensional error
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Fig. 7(b) Dimensional error distributions in the stamped
products for the blank design D3, D4 and D5
(part I)
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Fig. 7(c) Dimensional error distributions in the stamped
products for the blank design D3, D4 and D5
(part II)
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Fig. 9(b) Blank shape for stamping experiments
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Table 5 Comparison of dimensions of the products

Region | A-I |B-I |C-I | D-1| E-I | F-1 | G-I
PIUExp Vg9 197 |94 |162/39.0]16.5(107
a| (mm)

r

¢| CAD 1eo 190095 |17.0]385]16.0]11.0
| (mm)

Analysis| ¢ 7 | ¢ ¢ 1 95 [17.0(38.5 (163 | 10.1

(mm)

Region |A-Il [B-II |C-II |D-II |E-II |F-IT |G-TI
PLoExp oo 187 111 |17.4]389 | 164 11.6
a| (mm)

r
¢1 CAD 16180 [105]18.0(385(16.0/11.0
i (mm)
Analysis| ¢ ¢ | g5 |10.1|17.339.1 [15.4 | 11.3
(mm)
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