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Forming Analysis of the Front Side Member
using Equivalent Draw-bead for Crashworthness Assessment

J. H. Song, K. P. Kim, S. H. Kim, H. Huh, H. S. Kim and S. G. Hong

Abstract

This paper is concerned with forming analysis of Front Side Members and effects of the forming analysis on crash
analysis of an auto-body. For efficient forming analysis, equivalent draw-bead restraining forces are calculated with
ABAQUS/Standard and then used as the boundary condition in forming simulation. In order to demonstrate the validity
of the forming analysis, the thickness variation in the numerical simulation result is compared quantitatively with the one
in the real product. Forming histories obtained from the forming analysis are utilized as the initial condition of the crash
analysis for accurate assessment of the crashworthiness. Crashworthiness such as the load-carrying capacity, crash mode
and the energy absorption is evaluated and investigated for the identification of forming effects.
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Table 1 Materials and initial thickness of panels in

the Front Side Member
Part Material Thickness

(mm)

Frame_frt_in SPRC40 1.6

Frame frt out A SPRC40 1.2

Frame frit out B SPRCA40 1.2

Reinf frt frame A SAPH38 0.9

Reinf fit frame C | SPRC45 2.0

Reinf frt frame D SPRC45 1.6

Hook tie down SPRC45 2.0
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Fig. 2 Location of drawbeads in the sheet metal
forming die for a frt_frame_in
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Fig. 3 Schematic shapes of drawbeads in the Front
Side Member: (a) circular drawbead; (b)
rectangular drawbead.
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Table 2 Geometric dimensions of circular shape
drawbeads in the Front Side Member

Part Drawbead R r H
Frame_frt_in Circular 48 | 6.2 | 3.0
Frame frt out_A Circular 40 | 52 [ 6.0
Circular 1 45138 |32
Reinf frt_frame_A
Circular2 | 45 | 3.8 | 5.2
Circular 1 | 6.5 | 4.7 | 3.0
Reinf _frt frame C | Circular2 | 6.5 | 4.7 | 5.0
Circular3 65 ] 47| 60
Table 3 Geometric dimensions of rectangular shape

drawbead in the Front Side Member
Part H r r
Reinf frt_frame_A 6.0 7.65 | 2.18 [ 1.5

Table 4 Flow stress curve of material for forming

analysis
Material Flow stress curve
SPRC 40 =734.7(0.01+ )™ (MPa)
SAPH38 | &=768.5(0.023+2)"" (MPa)
SPRC45 | &=823.8(0.012+ )™ (MPa)
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Fig. 5 Deformed shapes of the blank during the
drawing process of circular drawbead in
frame_frt_in
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Fig. 6 Deformed shapes of the blank during the bead
formation process of rectangular drawbead
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Fig. 7 Deformed shapes of the blank during the
drawing process of rectangular drawbead
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Fig. 8 Restraining force with respect to the drawing
length of drawbead in the Front Side Member
:(a)frame_frt_in;(b)frame_frt_in;(c)reinf_frt_
fra-me_A ; (d) reinf_frt_frame_C
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Table 5 Restraining forces of drawbeads in the Front

Side Member.
Part Bead type Res.ftg:ézmg
Frame_frt_in Circular bead 226 N/mm
Frame_frt _out A Circular bead 243 N/mm
Circular bead 1 246 N/mm
Reinf_frt_frame A Circular bead 2 271 N/mm

Rectangular bead 294 N/mm

Circular bead 1 217 N/mm
Reinf_frt frame C Circular bead 2 235 N/mm
Circular bead 3 278 N/mm
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Fig. 9 Initial setting of tools and the blank for the
analysis of the frame_frt_in in the Front Side
Member
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Fig. 10 Final forming results of the frame_frt_in: (a)

distribution of the effective plastic strain; (b)
distribution of the thickness strain
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Fig. 14 Mapping from the forming analysis of
frame_frt_in: (a) effective plastic strain; (b)
thickness

Table 6 Material constants in the Johnson-Cook
constitutive relation

2@1‘;23: SAPH 38 | SPRC 40 ST;C
A (MPa) 295.5 294.1 345.1
B (MPa) 550.39 667.5 703.2
n 0.576 0.622 0.6
0.039 0.06 0.046
m 0.43 0.375 0.33
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Fig. 15 Comparison of deformed shapes of the Front
Side Member: (a) without forming results:
{b) with all forming results
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Fig. 16 Reaction force for crash analysis of the Front
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