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Abstract

The dynamic explicit finite element method and the static implicit finite element method are applied
effectively to analyze total auto-body panel stamping processes, which include the forming stage, the

trimming stage and the spring-back stage.

The explicit time integration method has better merits in the forming stage including highly
On the contrary, the implicit time integration method
is better for analyzing spring-back since the complicated contact conditions are removed and the
computing time to get the final static state is short.

complicated three-dimensional contact conditions.

and the factor study are presented.

In this work, brief descriptions of the formulation
Further, the simulated results for the total auto-body panel

stamping processes are shown and discussed. The formability and the weld line movement in stamping
with Tailor Welded Blanks were investigated through QTR-OTR-FRT.
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1. Calculation at node

a) a(i)zM—l(Rext(i)__Rint(i))
At W04 At® L
- 9 d

d(i+1)=d(i)+At(i+1) d(i+1/2)

) d(i+1/2): d(i—1/2)+

I. Calculation at element

(1) Calculate strain increment
A= B A d (i+1)
(2) Calculate and update stress and
state variable

oGt = f(Ae, o.(i), S(i))

S(i+1)=g(AE’o,(i)’S(i))
(3) Calculate internal force

RintG+D — ZBTO.(HD

II. Repeat calculation : i+1 — 1

Fig. 1 Flow chart for the calculation of explicit

time integration scheme
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Fig. 2 Time integration cycle of the dynamic

explicit time integration method
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Fig. 3 Schematic description for the contact scheme
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dt.= L, | C (3)
L, : 829 54 Zo|(characteriatic length)

c=\/~§—:%a As &5

E : % A4 (Young's modulus)
p : ¥U%
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3.1 S-Rail Forming
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Initial sheet thickness : 0.92 mm

stress-strain characteristics :

' = 488.0('€)0.232MPa

Young's modulus : E = 0.69 x 105 Mpa
Lankford value for normal anisotropy : r = 0.64
Coulomb coefficient of friction : u = 0.1
Blankholding force : 980 kN

Start

Data input

Calculate Lumped Mass [M]

Calculate time increment At T
Calculate R™® Ri=t®
M - 1(Rext(i) _ Rint(i))
n

Increase one step punch stroke

Consider contact with Tool
Modify d%
|
By using Central Difference method
Calculate d(lH/Z) q ity

a(i)=

Max. Stroke
arrival ?

Yes
I Output Data |

|

[ End l

Fig. 4 flow chart of the calculation
procedure of the dynamic explicit

time integration method

Fig. 5 Schematic view of the tool surfaces and
blank in the case of S-rail
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Fig. 6 Thickness distribution and deformed
configuration at the final punch
stroke in the case of S-rail
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Fig. 7 Effective plastic strain distribution on
the outer layer of S-rail
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Fig. 8 Effective stress distributions on the
outer layer of S-rail :
(a) Before springback (b) After springback
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Fig. 9 Deformed mesh configuration
of intermediate forming by
applying Adaptive-remeshing
method

3.2 Fuel - Tank Forming
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Initial sheet thickness : 0.8 mm

stress-strain characteristics :

‘g = 526.0 (0.0074 + & )0.239 MPa

Young's modulus : E = 2 x 105 Mpa

Lankford value for normal anisotropy : r = 1.79
Coulomb coefficient of friction : p = 0.1
Blankholding force : 890 kN
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Thickness <m>
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0.5196
& 14 0.8907
1 %ﬁt_ 6.6418

¢ #6702

| 8.7639

'[ i 0.8248

. ! 9.886

(a) view-1 Q: 9.947

min €.397527 in
STATE 13.5762
@ax 1.08809 in t
STATE 13.5762

Fig. 12 Thickness distribution and deformed
configuration at the final punch
stroke in case of fuel tank

(b) view-2

Fig. 10 Photographs of experimental
specimen by fuel tank —
stamping

pper § strain F:

9.3506

in -0.0497963 it
i STATE 13.5762
imax ©.39508 in SI
STATE 13,5762

Fig. 13 Effective plastic strain distribution
on the outer layer of fuel tank

Fig. 11 Schematic view of the tool surfaces
in case of fuel tank
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Fig. 14 Schematic view of fuel tank
after trimming

Membrane stress_f

min -0.206815 in
STATE S H

max ©,344248 in ;
STATE &

Fig. 15 Effective stress distributions on
the outer layer of fuel tank
after springback

Fig. 16 Schematic view of the tool surfaces
and Blank in case of member
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3.3 Member Forming
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Initial sheet thickness : 1.0 mm
stress-strain characteristics :

0 = 546.1 (0.0083 + ¢ )0.271 MPa

Young's modulus : E = 2 x 105 Mpa

Lankford value for normal anisotropy : r = 1.92
Coulomb coefficient of friction : y = 0.1
Blankholding force : 1000 kN
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(@) view-1 Fig. 18 Effective plastic strain distribution
on the outer layer of member
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Membrane stress_F:
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(b) view-2
Fig. 17 Thickness distribution and deformed Fig. 19 Effective stress distributions on the
configuration at the final punch outer layer of member after

stroke in case of member springback
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Fig. 20 Schematic view of the tool surfaces
and Tailor Welded Blank
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Fig. 21 Initial tools shape

Aol A48 AR 2 FAVSE ojds 2
.

<EAZ e HEY ARES>
Initial sheet thickness :
stress-strain characteristics :

o = 513.0 (0.0033 + £ )0.258 MPa
Young's modulus : E = 2 x 105 MPa
Coulomb coefficient of friction : y = 0.1

1.6 mm

<FA7t AL BEY AREF>
Initial sheet thickness : 2.0 mm
stress-strain characteristics :

o = 580.0 (0.0039 + ¢ )0.248 MPa
Young's modulus : E = 2 X 105 MPa
Coulomb coefficient of friction : p = 0.1
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Fig. 23 Thickness strain distribution and deformed
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Fig. 24 Effective stress distribution at the final
punch stroke
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MEMBER Eﬂ
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Fig. 26 Schematic view of Tailor Welded Blank
after trimming
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Fig. 27 Schematic view of total displacement
distribution after spring-back
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