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Figure 1 Typical load-depth curve
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Figure 2 Indentation diagram model for the

surface-modified layer (SML) material
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Figure 3 Continuous surface hardness test model
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Figure 5 Load-displacement indentation curve by FEA
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Figure 6 Analysis for the simulated hardness
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Table 1 Chemical composition of

18CrNiMo7-6 alloy steel %

w(C) w(Si) w(Mn) w(S) w(Cr) w(Ni) w(Mo) w(Fe)

0.15~ 0.5~ 1.5~ 1.4~ 0.25~
0.4 <0. 035 K
0.21 0.9 1.8 1.7 0.35
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Table 2 Carburizing process table

BFEYS  BHAl/min LB/ C W/ %
1 25 850 0. 60
2 5 915 0. 80
3 40 915 0. 80
4 5 915 1.20
5 210 915 1.20
6 5 900 1. 00
7 60 900 1.00
8 5 830 0. 90
9 40 830 0.90
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Figure 7 MTS indentation hardness test platform
i 25 T RO 56 08 X M 2RO 136° /Y G WA
Ji 3k s i 87 5 2007 BE 1 08 £15 kN 1 3 4% 5 AR
50 mm; iR 5 A A 0~ 10 Hz; R A 50RO
122 kHz; I3 24 0. 000 6 mm/s, % 2% IR
56 m 285 B 03 0 B R PR O EUE S 5 R, BRIR
YA A B AE O Y 2T (E Y 509% A B A 2K
iy -0 B i £ 4 1 8 BT 7, s IR 3D 288 3 T AR
K 9fR . th T8 i ALl BG4 B R I Ee, T
JRA D) I BIREL, IR 9 vl AT REfe e, B
Xt B JEE 23 R RS WA AE — R DR ZE VI N

10+ v=0.000 6 mm/s
PRERET ] 910 s

0.1 0.2 0.3 0.4 0.5
VR BE /mm

B8 MTS EREMA-CI MLk
Figure 8 MTS indentation load-displacement curve
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Figure 9 Residual surface morphology of

MTS indentation
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Figure 10 Comparison of MTS indentation hardness

and side hardness
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Indentation Characterization Method for Hardness of Surface-modified Layer

XU Guangtao, SUN Bo, CHEN Haikuan, ZHENG Xuefeng

(School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: In order to measure the hardness parameters of the surface-modified layer( SML) of key components
after surface modification, in this paper a method to characterize the hardness of the SML was proposed.
According to the relationship between hardness and depth, continuous indentation loading was used to charac-
terize the hardness of the SML. The SML-substrate model was established through ANSYS finite element simu-
lation, and continuous indentation was applied to verify that the calculation hardness was very close to the real
hardness. Carburizing heat treatment was performed on 18CrNiMo7-6 alloy steel to produce a SML on the sur-
face, and the hardness of the SML of the heat-treated 18CrNiMo7-6 alloy steel was characterized by this meth-
od. Compared with the micro hardness results characterized along the side of the SML, it was found that the
hardness error of the SML obtained by the two methods was no more than 6%. This method could be used to
characterize the real hardness of the SML on the surface of the material, and had certain engineering applica-
tion value.

Key words: indentation hardness; surface-modified layer; heat treatment; 18CrNiMo7-6 alloy steel



