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Forming of Automotive Quter Body Panel using High Strength
Steel Sheet for Improving Dent Resistance

T. J. Kim, 1. S. Kim, Y. L. Jung, C. S. Yoon, J. D. Lim

Abstract

Dent resistance is an important characteristic to avoid damage on automotive outer panels. From a practical point of
view, dents can be caused in a number of ways. Considering doors as an example, denting can occur from stone impacts
or from the careless opening of an adjacently parked vehicle door. Denting can occur where the door surface is smooth
and may not have sufficient curvature to resist dent. These exterior body parts are designed to improve dent resistance
using a combination of work hardening and bake hardening. In brief, dent is affected by the shape of the parts and the
material properties such as yield strength, strain and thickness. In this work, forming of door outer panel is investigated by
Taguchi method. Main parameters are yield strength, thickness, blank size, blank holding force and so on. For the given
value of design parameters, forming analysis of the thirty six cases are carried out according to L18 orthogonal array.
After comparing the performance by simple conversion of simulation results into dent resistance, the final suggestion of
the forming parameters is verified for the best improvement of dent resistance.
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Table 1 Parameters for L18 orthogonal array

Parameter Level1 | Level2 | Level 3
Surface Treatment CR GA

Material 340BH 440DP 490DP
Thickness(mm) 0.75 0.70 0.65
BHF(ton) 90 110 130
Blank width{(mm) 2530 2510 2550
Blank height(mm) 880 860 900
Draw bead force 100% 90% 80%

Lubricant AR | AR | A
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Table 2 Friction coefficient

Surface . Friction
Treatment Lubricant coefficient
AR 0.14
CR i 0.125
A 0.155
AR 0.135
GA S 0.12
a3 0.15
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Table 3 Scatter in noise factors

Noise Factor Parameter N1 N2
, 340BH 186 260
Y'elg\:;r:)“gth 440DP 240 290
490DP 303 330

Tensile 340BH 343 380
Strength 440DP 440 490
(MPa) 490DP 510 550

, 0.75 0.72 0.78
Thickness 0.70 0.67 0.73
(mim) 0.65 062 | 068
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Fig. 2 Measuring points for dent resistance
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Table 4 Equivalent dent resistance from simulation

TP P2 F3 PE_ Tl o
NN [ R e [ e ] e [ [ e e ¥

185.6 [228.4 [ 156.1 {204.1 |121.6 [196.2 [133.7 {1945 1775} 13.7

155.1 |177.8 |1113.4 1172.4 {126.4 ]196.8 [121.6 |170.4 |154.2 [ 14 1

124.4 [170.6 {104.3 |156.2 | 98.7 |138.9 | 94.7 [143.8 }128.9 | 13.2

197.9 | 265.3 1174.1 |214.3 |[175.3 [246.3 | 157,3 | 208.6 1203.6 | 15.3

165.2 1198.1 [ 140.9 [184.0 |112.7 [181.0 |133.2{176.6 |161.5| 14.8

136.5 [204.6 1131.3 {178.9 1127.3 | 174.7 }117.2 [170.7 |155.1 | 14.0
231.51298.1 [179.9 [203.7 {170.0 [239.5 [177.8 |227.0 |215.9 | 14.1

DN (N | DR

205.9 | 250.6 |161.6 |195.8 |166.3 |219.0 {161.8 2199|1976 | 15.7
169.6 1228.1 §178.7 | 204.7 | 139.1 |185.0 [151.2:{175.2 |179.0 | 16.0
171.8 | 206.3 [125.5 [191.6 [150.2 [205.1 [127.6+{196.8 [171.6 ] 14.2
142.2 1178.6 [ 156.1 {159.2 {114.6 |168.3 [112.1]163.6 J148.3 ] 15.7
119.4 [181.1 [124,5 ]165.2 | 106.3 {155.8 | 94.1 [159.0 |138.2]12.9
187.4 |254.6 1173.2 |217.5|168.6 | 229.0 {176.6 [ 213.7 [202.6 | 16.3
192.5 [258.6 {143.9 ]195.5 | 168.5 | 225.3 [ 138.7 [ 189.9 [189.1 | 13.5
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153.1 1210.4 [152.2 [171.0 [125.2 |171.3 |121.3 |157.7 f157.8 [ 15.0
209.3 |293.6 [196.2 ]209.7 {181.6 [211.9 | 188.3 1 220.6 [213.0 | 15.8
201.0 |249.6 [171.0 |214.1 |164.2 |206.4 [178.5 | 2053 J198.8 | 17.2
18 /179.7 [213.8 [132.6 [167.1 |154.0 [196.3 {152.3 |183.6 |172.4 [ 16.4
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Fig. 3 Equivalent Dent Resistance of parameters
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Fig. 4 S/N ratio of parameters
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Table S Determined levels of design parameters

A B C D E F G H
2 L3 | L2} LT [L3 | L] LY | L2
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(a) Distribution of effective stress

(b) Distribution of thickness

Fig. 5 Simulation results of the front door for the
determined parameters (N2)

Table 6 Simulation results for the determined levels

L18] Fl Fe 3 P4 Mean| S/N
N1 N2 ] N1 N2 | Ni N2 ] N1 N2

19 |197.3 |262.1 §194.7 [239.5 | 159.9 | 203.4 | 158.8 [191.3 }200.9 | 17.6
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