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Examination of Surface Hardening Process for Dual Phase Steel and
Improvement of Gear Properties
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Abstract:

The dual phase steel was developed for improvement of fatigue strength and decrease in heat treatment distortion.
The chemical compositions, formation of microstructure, carburizing properties, and influence of ferrite area fraction
on heat-treatment distortion was discussed. Additionally, improvement of fatigue strength with optimizing of surface
hardening process was examined. As a result, pitting fatigue strength was improved by 29% compared with

conventional one. The breakdown is; change in steel 9%, change in heat treatment condition (vacuum atmosphere and

nitrogen added) 12%, and addition of double shot peening 7%.
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Table 1 Example of chemical compositions of dual phase steel
(mass%)
Steel C Si Mn Cr Mo Nb
Dual phase steel | 0.21 | 1.43 | 043 | 0.61 | 0.78 | 0.021
JIS SCM420 0.21 | 0.21 | 0.76 | 1.10 | 0.18 —
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Fig.4 Hardness distribution after carburizing and quenching
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Fig.6 Relationships between heat treatment distortion and
internal ferrite area fraction
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Table 2 Chemical compositions of steel for fatigue test

(mass%)
Steel C Si Mn Cr Mo \"% Ac;(°C)
DP 023 | 1.75 | 042 | 1.52 | 0.38 | 0.15 899
SCMS822 | 0.22 | 0.25 | 0.75 | 1.15 | 0.36 — 816
920°C E.C.D.: 0.8-1.0 mm

120-240 min

Carrier gas: C,H,
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Fig.7 Condition of vacuum cabonitriding process (Temper:
160°C 3 x h)
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Table 3 Shot peening condition

Double S.P.
1st 2nd

Condition Conventional S.P.

Projection speed Slow Fast Fast

Diameter of shot 0.8 mm 0.8 mm 0.08 mm

Hardness of shot 52-57 HRC 60 HRC 60 HRC

Arc height 0.52 mmA 0.82 mmA | 0.32 mmA

over 300% over 300% | over 300%

Coverage

Big roller (SUJ2) <Test condition>
130¢ Lubrication:

Trans Axle Oil (5W30)
Oil temperature: 80°C
Fast m
Crowing
Slow (R=150)

Rotational speed: 1 500 r.p.m.
vl ) )

Slip ratio: 40%
Specimen (T/P) 26¢
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Fig.8 Roller pitting test condition
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Fig.9 Effect of steel class and surface hardening process in
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Fig.12 Effect of steel class and nitriding in roller pitting test
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Fig.13 Effect of atmosphere of carbonitriding in roller pitting test
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Fig.14 Effect of atmosphere of carbonitriding and shot
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Fig.15 Difference in residual stress distribution with shot
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Table 4 Each effect to improve pitting fatigue strength

Effect to improve
Measures pitting fatigue strength Remarks

Change of steel 9% Fig.11 Fig.12
Nitrogen added 6% 15%-Fig.11 | (15%)
Vacuum atmosphere N . )
in heat treatment 6% Fig.13 Fig.14

. - (13%)
Double shot peening 7% 13%-Fig.13
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