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Quantitative Evaluation of Wear Resistance of Stamping Tool with
Respect to Hardness of Tool Materials in Cold Stamping of TRIP1180
Steel Sheets
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Abstract

The purpose of this study was to quantitatively evaluate the influence of hardness of tool materials on wear resistance in
the sheet metal forming process. Punches used in the wear test were made of STD-11 and K340 tool material, and the
tempering temperature was set to 530°C and 500 C, respectively, to control the hardness of the tool materials. The punches
mimic the shape of stamping tool of automotive body component to reflect its plastic deformation, and are designed to
concentrate wear on the curvature region of punches. Progressive die and coil sheet were used to save time, cost, and raw
sheet materials. By quantitatively measuring the wear depth of the punches, the wear behavior and mechanism of the
punches were investigated, and characteristics of hardness and wear resistance according to tool materials and tempering
temperatures were evaluated. Testing results indicate that the punch made of K340 tool steel with higher hardness had better
wear resistance than that of STD-11 tool steel, and the hardness and wear resistance of tool steel were significantly impacted

by the tempering temperature.

Keywords: Tool Wear, Cold Stamping, Progressive Die, Ultra High Strength Steel
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Table 1 Tensile properties of TRIP1180 1.2t steel sheet [13]

VS (MPa) 933
UTS (MPa) L0
) _ k (MPa) 1584.6
Swift Eardenlng: law o 0.0036
o= k(eote) n 0.0858
0° 0.7382
R-value 45° 0.9786
90° 0.8671

HX= POSCO 23 AlH oA whHEo]Zl Steel
Tool Die(STD)-11 =3 7¥}, BOHLER Al A] w017l
K340 =3&7o] AREFHATE w2 diR}o] E (martensite)
22 S PGAst F374S Astelr] 98 A
2 583519lt}). STD-11 ¥ K340 #3742 650, 850,
1030°Cell Al Z+ZzF 80, 120, 200 E4 ZFolA 73}
(hardening) 3} & 243}t
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Fig. 3 Heat treatment conditions of hardening and
tempering

Table 2 Chemical compositions of STD-11, K340, and
TRIP1180 (wt%o)

STD-11 K340 TRIP1180
C 1.55 1.10 0.285
Si 0.26 0.90 1.61
Mn 0.30 0.40 2.15
Cr 11.36 8.30 -
Mo 0.81 2.10 -
\Y 0.20 0.50 -
P - - 0.018
S - - 0.001

13.4 + 0.4 um

| SPE—|
30 pm

Fig. 4 Thickness of PVD CrN coating layer [13]
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Table 3 Punches used in wear test with respect to tool
materials and tempering temperatures

Punch number | Tool material | Tempering temperature
1 (reference) STD-11 530C
2 K340 530C
3 STD-11 500C
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Fig. 6 Wear depth of punches with respect to stamping hits: (a) Punch 1; (b) Punch 2[13]; (c) Punch 3
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