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Optimization of Stretch Flange Forming of Laser
Welded Tailored Blank

J. J. Yin, D. C. Ahn and K. D. Lee

Abstract

Laser welded tailored blanks(TB) are increasingly used in automotive parts. Among these, TB side
panel has forming difficulties in stretch flanging areas such as front and center pillar lower region. To
avoid splits in the stretch flanging areas, proper design of blank shape and drawbeads are essential. In
this study, the forming simulaton is carried out to investigate the influences of blank shape and
drawbeads on stretch flange formability of different thickness TB. And an optimization procedure
including the effects of both the blank design and drawbeads is presented. The optimization procedure
proposed in this study is expected to be effectively used in blank and die design of TB side panel.
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Fig. 1 Splits in the stretch flanging area of TB side
panel (a) drawn TB side panel (b) close up view
of the B-pillar lower split zone
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Fig. 4 Finite element model for the stretch flange
forming simulation

Ro : Die radius

Rp : Punch radius

R : Blank corner radius

h : Weld line position

DB1 : Drawbead force at thick blank
DB2: Drawbead force at blank corner

DB3: Drawbead force at thin blank

Table 1 Mechanical properties of blanks

Material Blank #1 | Blank #2
Thickness (rmm) 09 19
Density (kg/mm’) 7806 | 7806
Young's modulus, E (GPa) 210 210
Poisson ratio, v 03 0.3

Hardening coefficient, K (MPa)| 5144 4972

Offset strain, e, 000704 | 0.011%

Hardening exponent, n 0.231 0.209

Lankford coeff. for normal
anisotropy, R

1434 1.378
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Fig. 5 Formability of TB stretch flange with respect to the blank corner radius
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Fig. 7 Formability of TB stretch flange with respect to the drawbead forces on thin blank
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Table 2 Implemented interface programs

Program Functions Input Output
BLANK Generation of PATRAN batch file for automeshing of Blank design PATRAN
blank parameters PCL file
e . L . Process design .
Modification of analysis input file (drawhead forces, Analysis
INPUTMOD blank holding force, blank thickness) parametise:lwlnd blank input file
FUNCTION Evalua!tlon - of objective function using forming Analysis results Objective function
analysis results (ASCII) value
Evaluation of constraint function using forming Analysis results Constraint function
J
CONSTRAINT analysis results (ASCID) value
PRINTOUT Print out objective and constraint function values with Design parameters | Design parameters
PAM-OPT format and function value | and function value
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Table 3 Optimization results for the drawbead forces (weld line position h=100mm)

Blank Tnitial Optimized
cormer
radius, DBI DB DB3 Thl\ﬁ DBI DB? DB3 T}Iﬁi
R (mm) | (kN/mm) | (kN/mm) | (kN/mm) (%)“g (kN/mm) | (kN/mm) | (kNJmm) (%“g
(0]
120 0.25 005 015 27 0.221 0 0.151 271
150 025 005 015 2.4 0.207 0 0151 270
200 025 005 015 307 05 0.0053 0.152 280
250 0.25 005 015 302 05 0039 0155 298
* Blank element size : 5mm
sHRAMIIE SRR/ A 109 A45, 20014/289
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Fig. 10 Formability optimization with respect to the drawbead forces (R=150mm)
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Fig. 11 Formability optimization with respect to the drawbead forces (R=250mm)
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Fig. 12 Comparison of optimized drawbead forces for R=120mm and R=250mm
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Fig. 13 Simultaneous optimization of the drawbead forces and blank corner radius

design parameters : R, DB1, DB2, DB3
objective function : f = Max ((to-t)/to )
design parameter bounds :

0mm < R < 300mm

0 DBl < 05 kN/mm

0 DB2 < 0.1 kN/mm
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Table 4 Optimization results for the drawbead forces
and blank corner radius (weld line position
h=100mm)

R DBl | DB2 | DB3 | Max.
(mm) | (Vi | KV | (¥ | Thin. (%)
Initial 60 025 | 005 | 015 32.2

Optimized| 1455 | 0281 | 00 | 0151 | 269
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