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Comparison of Wear Amount of Surface Coating Layers
on Dies for Cold-Stamped Products with MART1470

M. K. Son, S. H. Kim
(Received January 05, 2022 / Revised January 17, 2022 / Accepted January 18, 2022)

Abstract

In this paper, wear characteristics of PVD coatings were compared on the die surface for cold stamping of MART1470
steel sheet with the finite element analysis and the pin-on-disc wear test. Three types of PVD coatings (CrN, TiAICrN, and
MoS,TiCr(W)N) were considered for the tool surface made of STD11 material. The stamping process of an auto-body part
was analyzed with the finite element method. Ranges of process variables for the wear test such as contact pressure, relative
speed, and sliding distance were predicted from analysis results. In order to quantitatively analyze wear characteristics of
each coating, the amount of wear was measured and compared according to process variables with the pin-on-disc wear test.
The influence of each process variable was investigated and the wear characteristics of the three coating layers were
quantitatively compared. It was confirmed that the wear characteristics of MoS,TiCr(W)N coating were better than those of
CrN and TiAICrN. It was noted that the proposed prediction approach could predict and respond to the wear phenomenon

occurring in the stamping process.
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Fig. 1 A center floor upper member assembly in the

auto-body
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Table 1 Mechanical properties of the MART1470

YS(MPa) 1179.72 FLDo 0.06
ro 0.73 K(MPa) 1967.85
ra5 0.84 €0 0.00109
roo 0.82 n 0.073

Table 2 Material parameters for Yoshida-Uemori model
oo(GPa) | 0.197 | b(GPa) | 0.269 | Rsa(GPa) | 0.097
C1 340.4 C2 340.4 m 144.7
£ 2207 | Ea(GPa) | 160 E(GPa) | 210
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Fig. 2 Finite element model of the tools and the blank
used for the stamping analysis

Fig. 3 Shape and dimension of the product and the
initial blank
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Fig. 4 Measurement points of tool parts during the
stamping analysis

Table 3 Range of the contact conditions of stamping
tools from the finite element stamping analysis

Parameter range
p (GPa) 0.1~0.45
v (m/s) 0~0.22
L (mm) 10.6
—um— Contact Presure
- 2.0 1
518 u-n-u-u-n-E
o 1.6 g-u-u
o 14 a7
51.2{f
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Normal Force (N)

Fig. 5 Variation of the contact pressure according to the
normal force in the wear test[5]
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Table 4 Basic wear characteristics of the coating layers

CrN TIAICIN | MoS.TiCr(W)N
Thickness (UmM) 10 4 55
Scratch force (N) 30 36 52
Hardness (Hv) 1800 2400 (wio oslﬁ(e)? layer)
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Fig. 7 Schematic shapes and dimensions of the
fabricated specimens for the wear test
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Fig. 8 Schematic shape of the pin-on-disc type wear test

Table 5 Level of the test parameters for the wear test

Level of test parameters

Test speed (rpm) 150, 200, 250, 300, 350, 400, 450

Contact force (N) 1,2,3,4,56

Sliding distance (m) 200, 250, 300, 350, 400, 450

Fig. 9 Measured wear area from stereoscopic
microscope
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Fig. 10 Comparison of wear depth according to
experimental parameters
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Table 6 Level of the test parameters for the prediction
of the wear volume

Level of parameters
Test speed(rpm) 250 | 300 | 350 | 400 | 450
Normal force(N) 1 2 3 4 5
Sliding distance(m) 500

Voy = 245 X 1075 - 171 % 107%v + 0.097F (1)
Veigw = 8.05 % 1075 — 7.74 x 10~ 5v + 0.0079F (2)
Vigos.ricew = 0.012 — 6.78 x 10~ v + L39F 3
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Fig. 12 Response surfaces for the prediction of the wear
volume of coating layers
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