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The Research of Scratch Characteristics For Non-Vinyl Pre-Coated Metal Sheet

D. H. Kim, H. G. CHO (Precision Mecha. Eng. Dept. PNU), B. M. Kim (ERC for NSDM. PNU)

ABSTRACT

Pre-coated sheet materials are a cost-effective and environmentally attractive alternative to conventional sheet materials

coated after forming. At present but the high scratch sensitivity of coating used for pre-coated metal sheet is a major

limitation to use of these materials. Because of high scratch sensitivity, products made by pre-coated metal sheet are not
formed by conventional design method. This study has been performed to investigate scratch characteristic of non-vinyl pre-
coated metal (PCM) sheet. Using the simple U-bending test equipment, three non-vinyls PCM’s were tested. This paper
provides the results of bending tests showing the influence of sheet surface texture, tool material and process conditions. It
was found that the influence of punch, die clearance and tool material had an effect upon the scratch characteristic.
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_ Table 1 Mechanical property of PCM’s

Table 3 Experiment condition of U-bending test

Die SKDI1 SKDI11-Cr | SKDII-TD
Roughness (Ra) 0.61 0.18 0.05
Hardness (Hvt20) | 657.48 642.74 782.66
Punch size 100mm x 110mm x 30mm

Die size 40mm x 120mm x 30mm

Size of specimen | 100mm x 140mm

Forming height 25mm

Velocity 200mm/min

Lubricant type No lubricant
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Fig. 1 Composition of non-vinyl PCM’s
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PCM T Ra Ys s E EL Stress- "
r__ (mm) {(um) (MPa) (MPa} (GPa) (%) Strain
A 6 0.09 1893 3196 | 697 2513 o=436e""*
B 0.6 1.44 204 6 3468 788 25.45 a=470""’
L C 07 | 029 2956 4202 1047 1976 | ~:562e""
‘Table 2 Result of ericshen test
. B: SE-
A: SE- C: SG-
PCM Polyester
Polyester Polyester
(embossed)
Stretching limit of R
. 7.13 7.51 7.85
P:oaung (mm)
| Type of fracture Occurring band

Fig. 2 U-bending test apparatus and tools
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Fig. 4 Scratch of non-vinyl PCM’s in U-bending test
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Fig.5 Spring backs of non-vinyl PCM and base metal
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Table 4.FE-simulation condition in U-bending process
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Initial sheet thickness 0.6mm
Stress-strain characteristics 0=436.314¢"'®
Young’s modulus 69.7Gpa
Lankford value for normal anisotropy | 1.59

Coulomb coefficient of friction (u) 0.07

Punch velocity 10m/s

Table 5 Simulation conditions and max normal pressure in
U-bending process using PAM-STAMP™

Die | Max Normal Pressure (MPa)
Case | R Clearance Range (Z/t)

mm | 1os J1as [ 131 {148 |1es 180 | 197
1 05 | 410 | 347 | 299 { 210 | 151 | 120 | 98
2 1.0 | 319|236 | 222 | 165 | 136 | 107 | 105
3 20 | 313 212|205 158 | 124 | 113 | 95
4 30 | 282|195 | 187 | 136 | 121 | 107 | 94
5 40 | 208 [ 183 {179 | 125 | 99 94 89
6 50 | 200 [ 186 | 180 | 110 | 105 | 111 [ 107

-876-




Max rormal pressurs <CPol

Fig.6 47% clearance for SE-polyester (1/4 section)

450 - \ die radius(mm)
. = RO5
400 : * R10
N 4 R20
o~ 3504 N
g . Scratch v R3O
= 300 j e ¢+ R40
% v BN < R50
= N
g T
St 4 2 SKD11-Cr
[3 S,
£ - SKD11
£ - T
g 1 Safe M B
50
0 T T T T T T
1.0 12 14 16 18 20
t

Fig.7 The zone of scratch occurrence (SE-polyester)
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Fig.8 Each part in scratch test

Fig.9 Prediction of scratch occurrence at the stamping
part and product of non-vinyl PCM
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