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Wear Life Prediction of CrN Coating Layer on the Press Tool for
Stamping the Ultra High Strength Steel Sheet
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Abstract

In this study, a wear test method was proposed to predict the wear life of the CrN layer coated on the surface of the press
tools for manufacturing the auto-parts with ultra high strength steel (UHSS) with a tensile strength of 1.5 GPa. The pin-on-
disc type wear test was carried out to confirm the feasibility and the reproducibility of the wear amount according to the test
conditions such as the normal force, the sliding velocity, and the sliding speed. The test conditions were obtained from the
finite element stamping analysis and the wear simulation. With the wear amount from the wear test, a prediction model of
the wear depth in the CrN coating layer was proposed according to the test conditions with the design of experiments such
as Taguchi method and the response surface method. The derived prediction model was then compared to the result of the
Archard wear model, fully describing that the proposed model can effectively predict the wear life of the press tools for the

auto-parts with UHSS.

Key Words : Ultra High Strength Steel (UHSS), CrN Coating, Wear Life, Wear Test, Prediction Model
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Fig. 1 A center floor module in the auto-body
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Fig. 2 Shape and dimension of the of the center floor
side upper member
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Table 1 Mechanical properties of the MART1470

YS(MPa) 1179.72 FLD, 0.06
o 0.87 K(MPa) 1967.85
s 0.86 & 0.00109
o 0.86 n 0.073

Table 2 Material parameters for Yoshida-Uemori model
0o(GPa) | 1.117 | b(GPa) | 0.27 | Ru(GPa) | 0.091
C; 210.87 C, 210.87 m 109
55.78 | E,(GPa) | 160 E(GPa) | 207
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Fig. 4 Finite element model of the tools and the blank
used for the stamping analysis

(b) lower die

\[UPI]

(c) upper punch
Fig. 5 Measuring points for the process conditions
during the stamping analysis

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

Value range Average value
p (GPa) 0.1~0.7 0.2
v (m/s) 0.1~1.0 0.55
L (mm) 0.5~11.43 -

o CrN Y35 RS o= 139

v=0.126
m/s

o™

I

Fig. 6 Finite element model for the pin-on-disc type wear
test
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0.4 —a— Contact Analysis
: —e— Hertz contact Eq.
.0 ‘ : : ‘ : : \
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Normal Force (N)

Contact pressu
o

Fig. 7 Variation of the contact pressure according to the
normal force in the wear test
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Fig. 8 Schematic shape of the pin-on-disc type wear test

Table 4 Experimental condition for the wear test

Velocity (m/s) | Contact pressure (GPa)
Wear test Max. 0.3 Min. 1.6
Stamping condition 0.1~1.0 0.1~0.7

() pin

; T
Ll |

(b) dummy specimen
Fig. 9 Schematic shapes and dimensions of the fabrica-
ted specimens for the wear test
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(b) tempering
Fig.10 Procedure of the heat treatment of the specimen
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Table 5 Level of the test parameters for the wear test

Level of parameters

Test speed (rpm) 60, 75, 90, 105, 120, 135, 150

Normal force (N) 60, 65, 70, 75, 80, 85, 90

Sliding distance (m) 48, 60, 72, 84, 96, 108, 120
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Fig.11 Change of the wear volume according to the

experimental conditions for the wear test
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Table 6 Level of the design parameters for the Taguchi

method
Level of parameters
Test speed (rpm) 90 105 | 120 | 135 | 150
Normal force (N) 60 65 70 75 80
Sliding distance (m) 30 40 50 60 70
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Fig. 12 SN ratio and the average response according to
the design variables
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Fig.13 Comparison of the wear depth among the

experiment and wear prediction models
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Fig.14 Change of the wear depth of coating layer from
the wear prediction
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