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Improvement of Formability in Automobile Panels by Variable Blank Holding Force with
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In drawing sheet metal, the blank holding force is applied to prevent wrinkling of the product and
to add a tensile stress to the material for the plastic deformation. Applying an inappropriate blank
holding force can cause wrinkling or fracture. Therefore, it is important to determine the
appropriate blank holding force. Recent developments of the servo cushion open up the
possibility to reduce the possibility of fracture and wrinkling by controlling the blank holding force
along the stroke. In this study, a method is presented to find the optimal variable blank holding
force curve, which uses statistical analysis with consideration of the nonlinear deformation path.
The optimal blank holding force curve was numerically and experimentally applied to door inner
parts. Consequently, it was shown that the application of the variable blank holding force curve to
door inner parts could effectively reduce the possibility of fracture and wrinkling.
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Fig. 2 Door inner blank outline
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Table 1 Material properties of SPCUD 250
Hardening modulus(K, MPa) 566.0
Offset strain(ey) 0.0123 A
Strain hardening exponent(n) 0.237 o
Lankford value of 0° 2.169 z | /I\ /I\ /I\ /I\ /I\ /I\
Lankford value of 45° 1.641 L 100 pBHF1 g BHF2 _ BHF3 _ BHF4 _ BHFS _ BHF6 _
Lankford value of 90° 2.187 = )
N2 2N 2R 2R 2
o T T T T T T T T 1
180 160 140 120 100 80 60 40 20 0
Stroke(mm)

Fig. 4 Design variables

Section

@

(a) Maximum failure quotient (b) Thickness

Fig. 3 (a) Maximum failure quotient results and critical
sections (b) Thickness results and critical section
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Table 2 Result of statistical analysis

Stroke . Fracture | Wrinkling
(mm) Section prevention | prevention
a V -
b v -
BHF4 | 90~60 c - ;
d - -
a V -
b v -
BHFS | 60~30 c v ~
d - -
a \% A
b - -
BHF6 | 30~0 c ; ;
d % A
V: Strongly decreasing BHF | A: Strongly increasing BHF
V: Slightly decreasing BHF | A: Slightly increasing BHF
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Fig. 7 VBHF trajectory of door inner
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Table 3 Comparison of y,..

Table 4 Comparison of thickness

Vma  (max. failure) Simulation
CBHF VBHF improvement
a 1.16 0.96 17%
b 1.06 0.85 20%
c 1.03 0.78 24%

T T
— (—

(@) Ve Of CBHF (b) 7,.. of VBHF

Fig. 9 Comparison of y, . at Sectiona

(@) Ve Oof CBHF (b) 7,.. Oof VBHF

Fig. 10 Comparison of y, . at Sectionb

1
—

®) 7,.. of VBHF

(@) 7.. Oof CBHF

Fig. 11 Comparison of y,. at Sectionc

Thickness Simulation
CBHF VBHF improvement
d 1.44 1.45 -0.7%

(a) Thickness of CBHF (b) Thickness of VBHF

Fig. 12 Comparison of thickness at Section d
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Fig. 14 Experiment part and measured section
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