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Study On the Analysis of Wear Phenomena
of Ion-Nitrided Steel

Kyu-Sik Cho

Korea Air Force Academy

Abstract — This paper deals with wear characteristics of ion-nitrided metal theoretically and ex-
perimentally in order to analysis of wear phenomena. Wear tests show that compound layer of ion-ni-
trided metal reduces wear rate when the applied wear load is small. However, as the load becomes
large, the existence of compound layer tends to increase wear rate. The residual stress at the surface
of ion-nitrided metal is measured, and the internal stress distribution is calculated when the normal
and tangential forces are applied to the surface of metal. Compressive residual stress is largest at the
compound layer, and decreases as the depth from the surface increases. Calculation shows that the
maximum stress exists at a certain depth from the surface when normal and tangential force are ap-
plied, and that the larger the wear load is the deeper the location of maximum stress becomes. In the
analysis, it is found that under small applied wear load the critical depth, where voids and cracks
may be created and propagated, is located at the compound layer, as the adhesive wear, where hard-
ness is an important factor, is created the existence of compound layer reduces the amount of wear.
When the load becomes large the critical depth is located below the compound layer, and de-
lamination, which may be explained by surface deformation, crack nucleation and propagation, is
created, and the existence of compound layer increases wear rate.

Key words — compound layer, diffusion layer, subsurface abrasive wear, delamination wear.
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Table 1. The chemical composition of specimens

composition
specimens C(%) Si(%) Mn(%) P(%) S(%) Ni(%) CK{(%) Mo(%)
SCM 22 0.18-0.23 0.15-0.35 0.60-0.85 0.03 0.03 0.25 0.90-1.20 0.15-0.30
SCM 3 0.33-0.38 0.15-0.35 0.60-0.85 0.03 0.03 0.25 0.90-1.20 0.15-0.30
SCM 5 0.43-0.48 0.15-0.35 0.60-0.85 0.30 0.03 0.25 0.90-1.20 0.15-0.30
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WEAR LOAD(kg)

Fig. 1. Relation between wear volume and wear load
for SCM 3 ion-nitrided under condition of 500°C,
Storr and 3 hrs (wear velocity of 1.37 m/sec, wear dis-
tance of 200 m).
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Fig. 2. Relation between wear volume and compound
layer thickness for SCM3 ion-nitrided under condition
of 500°C and 5 torr (wear velocity of 1.37 m/sec, wear
distance of 200 m).
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Fig. 3. Relation between compressive residual stress
and Ion-nitriding time for SCM3 ion-nitrided under
condition of 500°C and 5 torr.

Fig. 4. Photographs of the SCM3 specimens ion-ni-
trided under condition of 500°C and Storr for measur-
ing the compressive residual stress (from the above ni-
trided one side for 10,8,53,1 hrs and nitrided both
sides for 3 hrs).
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Fig. 5. Compressive residual stress distribution curve
as a function of depth below surface for SCM3 ion-ni-
trided under condition of 500°C, 5 torr and 3 hrs.
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Fig. 6. Hardness distribution curve as a function of
depth below surface for SCM3 ion-nitrided under con-
dition of 5 torr and 3 hrs.
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(A-2) 3.2 kg wear load,

=4 - : e

(B-3) 6.3 kg wear load, (B-4) 12.6 kg wear load, (B-5) 18.9 kg wear load.

Fig. 9. Photographs of worn surface for SCM3 ion-nitrided at 5 torr and 500°C (wear velocity of 1.37 m/sec, wear
distance of 200 m).
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(C) On specimens ion-nitrided for Shrs, under wear condition of :

L

(C-1) 2.1 kg wear load, (C-2) 3.2 kg wear load,

i

(C-3) 6.3 kg wear load, (C-4) 12.6 kg wear load, (C-5) 18.9 kg wear load.

(D) On specimens ion-nitrided for 9hrs, under wear condition of :

(D-2) 3.2 kg wear load,

(D-1) 2.1 kg wear load

+

D-3) 6.3 kg wear load, (D-4) 12.6 kg wear load, (D-5) 18.9 kg wear load.

Fig. 9. Continued

Vol 13. No. 1. 1997
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Fig. 13. Variation of wear volume with wear distance

for untereated and ion-nitrided with and without add-

ed carbon 0.5 atom% under condition of wear velocity

2.38 m/sec and wear load 3.2 kg (500°C, S torr, 3 hrs,
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