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Indirect Prediction of Surface Damage for a Press Die
with Wear Characteristics and Finite Element Stamping Analysis
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Abstract
The damage level of the die surface was predicted by estimating the surface roughness with a finite element analysis and
the wear characteristics. Wear and friction tests were conducted to compare the wear characteristics for three kinds of
surface treatments — CrN, TiAIN and AICrN coatings. A prediction model was derived from the surface roughness results
with respect to contact pressure and sliding speed which were obtained from the wear test. Surface roughness values for the
damage regions of the die surface were compared between the experiments and the prediction model, which shows fairly

good agreement with each other.
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(b) fabricated specimen
Fig. 1 Schematic shape of the specimen for the wear test
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(a) dimension (b) fabricated specimen
Fig. 2 Schematic shape of the tool for the friction test

P:50N

Workpiece : Al,O;

Stroke : 15 mm
Velocity: 0.12m/s

Fig. 3 Shape of the wear test with linear scratch type
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(a) base-metal (b) CrN (c) TIiAIN (d) AICrN
Fig. 4 Specimen shapes after the wear test with linear
scratch type
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Fig. 5 Comparison of volume loss amount after the wear
est with linear scratch type



P: 300N

, Workpiece : T/C
(Tungsten Carbide)
eVelocity: 0.5,0.75, 1Tm/s

(a) base-metal

(b) CrN

(c) TiAIN (d) AICrN
Fig. 7 Specimen shapes after the wear test with the ball-
on-disc type
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Fig. 8 Variation of the wear volume according to the
sliding distance and the sliding speed
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Fig. 9 Variation of Coulomb friction -coefficients
according to the contact pressure and the
drawing speed
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Fig.10 Shape of the fabricated bracket part

(a) upper die

part

(b) lower die
Fig.11 Shape of tools for manufacturing the bracket

Fig.12 Scratch inferiorities during the stamping process

of the bracket part

By

(a) initial setting (b) padding (c) punch forming
Fig.13 Schematic description of the deformation
mechanism during the forming process
Table 1 Mechanical properties of the blank sheet
YS (MPa) 3445 K (MPa) 718.4
UTS (MPa) 565.0 n 0.158
Ravg 115 £ 0.0096

Upper die

Fig.14 Finite element model for the stamping analysis of

the bracket part
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according to the sliding speed and the contact

Fig.15 Fitted response surface of the roughness
pressure

Roughness
(MMR,)
1.9
0.86
0.97
1.35
0.88
1.55
1.77
1.18
1.75
1.97

Sliding
distance
(m)
2130
100
300
500
100
300
500
100
300
500

0.387m/s

Sliding
speed
(m/s)
0.12
0.5
0.75
1.0

[e]

sliding speed obtained from the wear test

Contact
pressure (GPa)
0.12
0.7

Table 2 Surface roughness with contact pressure and
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Fig.16 Measurement regions for the surface roughness
of the die
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Table 3 Surface roughness values measured at the
damaged regions of die

Mejzgggrr?em R‘(’Sg]hé‘:)ss Damage modes
a 1.372 Scratch, Sticking
b 0.484 Scratch
c 0.522 Scratch
d 0.804 Scratch
e 0.914 Scratch
f 0.765 Scratch

Table 4 Predicted values of surface roughness with the
finite element analysis

Sliding Contact
Measurement speed pressure Roughness
region (mls) (GPa) (LmRy)
a 0.499 0.659 1.453
b 0.42 1.225 0.349
c 0.37 0.889 0.872
d 0.20 0.904 0.625
e 0.26 0.934 0.644
f 0.26 0.888 0.730
E=] experiment

1.4 § prediction model
1.2
©
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? 08 _
Q —
£ o6 =
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Measurement region
Fig.17 Comparison of the surface roughness between
the experiment and the prediction model
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