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Forming Condition for Automotive Body Outer Panel using
Aluminum Alloy Sheet for Improved Dent Resistance
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Abstract

(Received July 4, 2011 / Revised September 8, 2011 / Accepted September 9, 2011)

Dent resistance is determined by both shape characteristics, i.e., local radius of curvature and sheet thickness, and

material properties such as yield strength. This work presents results of a study on the effect of work hardening and

bake hardening on dent resistance of aluminum alloy sheet parts by considering the forming condition and baking

temperature.
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Fig. 1 Schematic diagram of variation of yield stress

in deformed part
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Table 1 Chemical composition of 6XXX Aluminum
alloy sheet(wt.%)

Cu Mn Mg Si Fe
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Fig. 2 Variation of yield strength with pre-strain and
baking temperature change

o

M3 8| X|/H 203 M6s, 2011H/421



—=—150°C
60 —e—170°C|
190°C]
= °
g 40| \0\.
~ .
T SE—p, o—e
m 20 ]
\.\. — o
I\.
0 : . , , :
0 2 4 6 8 10

Pre-strain(%)
Fig. 3 Variation of BH result with pre-strain and
baking temperature change
BH=P2/A0*P1/A0 (1)
A, = Initial cross section area

P, = Yield strength after pre-strain
P, = Yield strength after pre-strain and bake hardening
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BH(p, T) = A-exp(-B-p)-exp(C-Tj)-exp(D-p-Ti) (2)
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where, A=0.0396, B=136.75, C=15.14, D=262.1
p = pre-strain
T; = T/Ty, (T, T,,;= absolute temperature,
Ty=melting temperature)
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Fig. 4 Photo of dent resistance equipment
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Fig. 5 Drawing of the part for dent test
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Fig. 6 Test specimen to measure work-hardening for

various forming conditions

Table 2 Test conditions (Forming depth and BHF) for

dent resistance

Forming condition @ | ()] (] (d)
Forming depth(mm) 20 | 40 | 40 | 40
BHF(ton) 40 | 40 | 80 | 120

© (d)
Fig. 7 Measured mises strains at the center region
(Forming condition :depth- BHF), (a) 20mm-
40ton, (b) 40mm-40ton, (c) 40mm-80ton, (d)
40mm-120ton

Table 3 Measured Von Mises strains for various
forming condition at the center region
(Forming condition :depth- BHF)

Forming condition Strain (%)
20-40 1.812
40-40 2.164
40-80 4.628
40-120 6.840
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Table 4 Results of stiffness(displacement) with forming
and baking temperature change(Forming
condition :depth- BHF)

Forming Temperature Displacement
Condition (C) (mm)
150 6.45
20-40 170 6.39
190 6.56
150 7.35
40-40 170 7.53
190 7.69
150 7.11
40-80 170 7.46
190 7.72
150 7.61
40-120 170 7.44
190 7.78

Table 5 Dent resistance results(residual deformation)
with forming and baking temperature change
(Forming condition :depth- BHF)

. Residual
Forming Temperature .
- . deformation
condition (C)
(mm)
150 0.58
20-40 170 0.54
190 0.23
150 0.59
40-40 170 0.59
190 0.24
150 0.47
40-80 170 0.42
190 0.20
150 0.35
40-120 170 0.31
190 0.16
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A Q@ FEo dE B4 FAS A T v dAY Pzl #e AT
Table 6 Predicted yield stress and dent resistance (2) & 257 255 WHEAL S $FEH
. YPafter | Predicted | Predicted | Thick th 170T olgtell Aol e =T SR
Forn.wl'ng prestrain BH YP(pre- -ness 170C oldellA e &9 2xd S7tde] 55 ¢
condition . BN
(MPa) (MPa) strain+BH) | (mm) T
20-40-150 154 27.4 181.4 0.980 (3) 6000 AlAe] FrlE Al A& F 3l
20-40-170 | 154 4.0 196.0 0.980 T A d5 As ARNgE W a2
20-40-190 | 154 643 2183 0.980 Fol Mgk g2 Agojsta £ Ay AdE g
40-40-150 | 159 25.7 184.7 0.960 o % BdE ATkl
40-40-170 | 159 4022 199.2 0.960 @) F7 WMPo] A B o FES A,
40-40-190 | 159 62.8 218 0.960 WRIEAS S7HA17171 f18lA= 6000 AlE e <
40-80-150 186 16.5 202.5 0.958 Frlg AAdAE 7 AgrRoe 25 27
40-80-170 | 186 297 215.7 0.958 HAHste o InAE dgel aAHolglen,
40-80-190 | 186 532 239.2 0.958 Al 59.3%°] FFol 7Heskl
40-120-150 203 11.1 214.1 0.955 _
40-120-170 203 22.6 225.6 0.955 E'I- WL
40-120-190 203 459 248.9 0.955
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Fig. 8 Correlation between measured dent stiffness high strength steel based on dent resistance, Mater.

and predicted dent resistance(Eq.(3))
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