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Quantitative Evaluation of Shape Accuracy in a Hat-type Product with UHSS according
to the Forming Procedure
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In this paper, the shape accuracy of the stamped hat-type product is quantified and analyzed with
ultra high strength steel (UHSS) sheets. The shape of the hat-type product is designed in order to
simplify the geometry of the side sill and the stamping methodology is proposed in order to verify
the effect of the stamping procedure on the springback amount. Experiments and finite element
analyses are conducted with four kinds of the forming sequences. The springback amounts are
measured and compared according to the forming procedure with the embossing shape.
Experimental result in company with analysis one illustrate that the springback amount is reduced
with embossing in the padding operation. They also fully demonstrates the proposed forming
procedure and the analysis method can be effectively applied to the process design for producing

parts with ultra high strength steel.
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Upper pad plate e=—=
Upper pad
Die

Die cushion

(b) Setup at BDC

(a) Initial setup

Fig. 2 Schematic shape of the tools for the forming of
the hat-type product

Fig. 3 Shape of the fabricated tool set for the forming of
the hat-type product: (a) upper pad; (b) punch;
(c) lower pad; (d) die; (e) embossing tool; (f)
assembled tool set
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Fig. 4 Initial blank shape for hat-type product

Fig. 5 Tool shape for the embossing process

Table 1 Dimensions of the embossment installed on the
pad (unit : mm)

No. | offset Lower die Upper die

R | R | R | R, | R | R

1.0 50 | 30 | 3.0 | 40 | 40 | 4.0

1.2 50 | 3.0 | 3.0 | 3.8 | 42 | 42

1
2
3 1.0 75 | 55 55 | 65 | 65 | 65
4 1.2 75 | 55 55 | 63 | 6.7 | 6.7

22 2 B E A 483 44
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Fig. 6 Schematic description of the forming procedures
according to the forming type considered for
fabricating the hat-type product

Table 2 Mechanical properties of the blank

SGAFC980DP | SGAFC1180DP
YS(MPa) 904.29 979.64
UTS(MPa) 1110.99 1385.99
K(MPa) 1277.99 1718.45

n 0.0527 0.0833

& 0.00244 0.00189

R 0.84 0.7
CASE4 FWE ol 4% HITHANA 33 A=
o] REE ol HAE A 5 mmolv], 7he

0x
og
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Upper padding spring
Punch holder

Upper die
@————eBlank

Upper pad with embossing

e———— Lower pad

TLower padding force
Lower die

Fig. 7 Finite element model of the tools and the blank
for the stamping analysis of the hat-type product

Fig. 8 Measurement of three-dimensional shape of the
fabricated prototypes
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Fig. 9 Measurement method of springback modes in the
hat-type product

Table 3 Shape of the formed prototypes from the
stamping experiment

CASE R SGAFC980DP SGAFC1180DP
1 w/o g
embossing
5.0mm
2
7.5mm
5.0mm
3
7.5mm
5.0mm
4
7.5mm
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the experiment
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Fig. 12 Comparison of the springback amounts according
to the stamping type with SGAFC980DP from
the analysis
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