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This paper introduces a CAE-based design procedure in the press forming process for the
fabrication of sheet metal parts used in proto-cars. The finite element analysis reveals formability
problems during the forming process of a floor member and a front cross member that constitute
a rear floor assembly. The study proposes the modification of the initial blank shape or
intermediate trimming of the product to prevent failure during forming. It is confirmed by the try-
out process as well as the finite element analysis that sound prototype can be obtained with the
modified design. The finite element analysis result also provides fairly good prediction of
springback amounts used for the post-compensation of the product.
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g AEFL 28 suv o Fo E20 AFE
S T go] £2o $d(rear floor panel)¥
ZHE I =22 FA¥(front cross member)Z Fig. 1 9]
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Rear Floor

Front Cross
Member

Fig. 1 Shape of the rear floor assembly: (a) assembly; (b)
rear floor panel; (¢) front cross member
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(@) (b)
Fig. 2 Shape of the tools for the fabrication of rear tloor
parts: (a) rear floor panel; (b) front cross member

Rt i

Fig. 3 Geometric parameters of draw-beads used in the
tool surface

Table 1 Section shape dimensions of draw-beads

Rear Floor Panel Cross Member
R1 (mm) 9.35 8
R2 (mm) 10 8
R3 (mm) 10 8
Hl (mm) 25 3
H2 (mm) 2.5 1.5
W1 (mm) 12.5 9.33
W2 (mm) 26 18.6

Table 2 Mechanical properties of SGACEN and SGARC
340 obtained from tensile tests

Properties SGACEN SGARC340
Thickness 0.75 mm 0.7 mm
Yield Strength 119 MPa 226 MPa
Tensile 402 MPa 452 MPa
Elongation 36 % 31 %
FLDO 0.38 0.22
K* 563 MPa 602 MPa
n* 0.269 0.222
Eox 0.003108 0.01211
RO/R45/R90 1.66/1.52/ 1.62/1.56/
* F=kle,+2°)
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Table 3 Process parameters used in the stamping

simulation
Parameters Rear Floor Panel| Cross Member
BHF 650 kN 400 kN
Friction Coefficient 0.15 0.10
Punch speed 2 m/s 2 m/s
Total punch stroke 178 mm 168 mm

1700 mm
(b
Fig. 4 Shape of the initial blank with the initial process
design: (a) rear floor member; (b) front cross
member

(a) ()

(©)
Fig. 5 Shape of the tools and the blank during the
stamping analysis of the rear floor panel: (a)
initial setting; (b) binderwrap; (¢) punch forming
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Fig. 6 Thickness strain distribution of the rear floor panel
with the initial process design: (a) thickness strain
distribution; (b) a weak region
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Fig. 7 Initiation of the failure on the blank in the analysis

Minor strain

of the rear floor panel: (a) fracture region; (b)
principal strain distribution on FLD
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(a)

(b)
Fig. 9 Thickness strain distribution of the front cross
member with the initial process design: (a)
thickness strain distribution; (b) weak regions

: Major strain
10.50

Minor straip/
(b)

Fig. 8 Comparison of the fracture region in the analysis

of the rear floor panel: (a) fracture region; (b)
principal strain distribution on FLD

(@

238 820

Minor strain

(b)
Fig. 10 Comparison of the fracture region in the analysis
of the front cross member: (a) fracture region; (b)
principal strain distribution on FLD
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Fig. 11 Shape of the modified blank for the process
improvement of the rear floor panel

Fig. 12 Principal strain distribution on the FLD from the
analysis result of the rear floor panel

43 mm

185 mm

95 mm
. 13 Shape of the trimmed shape for the front cross
member at the punch stroke of 145 mm
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Fig. 14 Principal strain distribution on the FLD from the
analysis result of the front cross member
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Fig. 15 Try-out process for the rear floor panel

(a) (b)
Fig. 16 Fabricated prototypes of the rear floor panel: (a)
draw-panel; (b) final product
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Fig. 17 Schematic shape of measuring locations for the
comparison of results: (a) points for edge draw-
in; (b) sections for thickness distribution
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Fig. 18 Comparison of edge draw-in amounts in the press
forming of the rear floor panel
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Fig. 19 Comparison of the springback amount in the rear
floor panel: (a) analysis; (b) experiment
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Fig. 20 Comparison of the thickness distribution in the
rear floor panel at cross sections: (a) A-A’; (b) B-
B’; (¢) C-C’; (d) D-D
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Fig. 21 Try-out process for the front cross member: (a)
intermediate trimming; (b) stamping
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Fig. 22 Fabricated prototypes of the front cross member:
(a) drawn product; (b) final product
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Fig. 23 Schematic shape of measuring locations for the
comparison of resuits: (a) points for edge draw-
in; (b) sections for thickness distribution
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Fig. 24 Comparison of edge draw-in amounts in the press
forming of the front cross member

Unit: mm

(b)
Fig. 25 Comparison of the springback amount in the press
forming of the front cross member: (a) analysis;
(b) experiment
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Fig. 26 Comparison of the thickness distribution in the
front cross member at cross-sections: (a) F-F; (b)
G-G’; (¢) H-H’; (d) I-I’
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