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A study on wear damage of SKD11 steel material for a
cutting mold jig
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Abstract: This study is on wear damage of the material for a molding machine that be used at finally
cutting of metal beam made in roll forming process of vehicle bump beam process line. SKDI11 steel
was used with the material for cutting mold jig. In the cutting mold jig, Ti diffusion heat treatment
after vacuum heat treatment was carried out for upgrade of surface hardness and anti-wear. Also, the
heat treatments by various methods were performed to compare the wear damage degree against above
the existing heat treatment. Wear loss and friction coefficient were obtained from wear test. And, micro
Vickers hardness values were compared with damaged parts or not of cutting mold jig. Micro Vickers
hardness value appeared higher at the undamaged part by Ti diffusion heat treatment. The micro Vickers

hardness well followed a two-parameter Weibull probability distribution.

Key Words : Cutting mold jig, SKD11 steel, Wear, Vacuum Heat Treatment, Ti Diffusion Heat Treatment,
Micro Vickers Hardness, Two-parameter Weibull Probability Distribution
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Fig. 2 Appearances of cutting jig and its aged
degradation part

Table 1 Chemical compositions of SKDI11 steel

(Wt%, JIS G 4105)?

C Si Mn P
1.40~1.60 < 0.40 < 0.50 <0.003
S Mo Cr \Y
<0.003 0.82~1.2 11.0~13.0 | 0.20~0.50
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Fig. 3 Heat
SKDI11 steel for cutting mold jig
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Fig. 5 Microphotograph of Ti diffusion layer

Fig. 6 SEM photograph observation of damaged
surface part
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Table 2 Mean, standard deviation and coefficient of

variation of friction coefficient

Standard Coefficient

Mean deviation of variation
(SD) (Cov)
(a) 1.012 0.277 0.274
(b) 0.898 0.035 0.039
(c) 0.879 0.026 0.030
(d) 0.727 0.031 0.043
(e) 0.819 0.164 0.200
6) 0.912 0.298 0.327

Table 3 Mean, standard deviation and coefficient of

variation of wear loss

Standard Coefficient
Mean deviation of variation
(SD) (COV)
(a) 0.043 0.016 0.372
(b) 0.035 0.006 0.170
(c) 0.026 0.015 0.577
(d) 0.009 0.004 0.444
(e) 0.022 0.005 0.227
() 0.047 0.011 0.234
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Fig. 9 Microstructure observation of damaged surface

by wear
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Table 4 Mean, coefficient of

variation,

standard deviation,

shape parameter and scale

parameter of micro Vickers hardness values

@ @ &) @ ®
(a) 28.61 | 263.88 | 259.2 | 11.77 | 0.045
(b) 50.82 | 727.17 | 719.6 | 16.79 | 0.023
(c) 38.26 | 749.71 | 739.5 | 24.07 | 0.033
(d) 41.44 | 849.83 | 839.1 | 24.58 | 0.029
(e) 3449 | 748.45 | 737.2 | 25.51 | 0.035

Note: (D shape parameter, @ scale parameter, 3
mean, @ standard deviation(SD), ® coefficient of
variation (COV); (a) as-received, (b) vacuum heat
treatment in low temperature, (c) vacuum heat
treatment in high temperature, (d) Ti diffusion heat
treatment after vacuum heat treatment in high

temperature, (e) nitriding
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Fig. 12 Measure positions of micro Vickers hardness

of cutting mold jig

Table 5 Micro Vickers hardness values measured

from Fig. 12

D @) ©) @

8004 | 8345 | 7443 | 7423

7813 | 8545 | 669.6 | 795.4

7818 | 821.6 | 7256 | 7647

Viekers | 8147 | 8482 | 7451 | 7115
hardness | 7923 | 8314 | 7054 | 7226
788.1 | 8404 | 715.1 | 737.4

(Hv) 7712 | 860.7 | 797.6 | 734.6

7916 | 8365 | 668.1 | 7387

7851 | 8382 | 770.0 | 6952

780.8 | 822.9 | 7422 | 7240

Mean (Hv) | 789.6 | 8389 | 7283 | 736.6

Note: @ Damaged surface, 2 Non-damaged surface,
@ Inside of damaged part, @ Inside of

non-damaged part

Table 6 Mean, coefficient of

variation,

standard deviation,

shape parameter and scale
parameter of micro Vickers hardness values

according to measure positions

® © D) ®
@D | 80.80 | 794.68 | 789.6 | 11.78 | 0.015
@ | 77.51 | 844.44 | 838.9 | 12.66 | 0.015
@ | 2038 | 746.17 | 728.3 | 40.89 | 0.056
@ | 31.96 | 74832 | 736.6 | 27.86 | 0.038

Note: @ shape parameter, scale parameter, ©
mean, © standard deviation(SD), ® coefficient
of variation (COV); @ Damaged surface, @
Non-damaged surface, 3 Inside of damaged
part, @ Inside of non-damaged part

12 S=ESHI|IASERX| H203# 5%, 2016 10¥
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