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Pitting Life and Crack Propagation Behavior of Carbonitrided Steel
with Low Viscosity Fluid

Tomoya TAMAI Kenji MURATA, Ryosuke OHASHI and Ayumi YAMAZAKI

Synopsis

In recent years, the viscosity of transmission fluid for automobiles has been lowered to improve fuel efficiency. However,
lowering the viscosity of the transmission fluid increases the friction coefficient and the temperature of the gear surface, which
may reduce the pitting life. Previous studies have reported that improving the softening resistance of gears is an effective way to
suppress pitting fracture. Therefore, the carbonitriding process is considered effective in improving the pitting life because the
process enhances the softening resistance of steel. However, the pitting life and failure process of carbonitrided steel have not
been investigated in detail.
In this study, the pitting life and failure process of carbonitrided steel were investigated by roller pitting tests with low viscosity
fluid. As a result, it was revealed that the pitting life of the carbonitrided steel was longer than that of the carburized steel. It was
considered that the crack propagation on carbonitrided steel during the roller pitting test was suppressed because the hardness
near the contact surface was maintained at a high level.
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Table 1. Chemical composition (mass%).
Material C Si Mn | Cr | Mo | Fe

Developed steel | 0.20 [ 0.05|1.49|0.60 | 0.14 | Bal.
JIS-SCM420 | 0.20(0.20|0.72|0.99 | 0.15 | Bal.

Table 2. Properties of RP specimens.

Developed | is-scM420
stee i
-carbonitriding -carburizing
Surface roughness
Ra [um] 0.156 0.130
C content at 0.05 mm
[Mmass%] 0.57 0.64
N content at 0.05 mm
[mass%] 0.36
Hardness at 0.05 mm [HV] 707 704

. Martensite Martensite
Microstructure (+retained y) | (+retained y)
Retained y volume at
surface [%)] 28.9 16.1
Effective case depth [mm] 1.33 1.40
Hardness at 0.05 mm after
tempering at 300 °C [HV] 649 598
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Fig. 1. Schematic diagram of RP testing.
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Table 3. Conditions of RP testing.
Test conditions

Test roller (Specimen) 26
Load roller (SUJ2 : 611 HRC) ¢ 130 (R150)
Rev. [rpm] 1500
Test roller | Slip ratio [%] -60
Slip speed [m/s] -1.22
Maximum Hertzian pressure [GPa] 3.0

Fluid temp. [C] (Flow rate: 2 L/min)

Table 4. Properties of fluid used in the testing.

Low viscosity fluid
Kinematic ~ |at 100 ‘C [mm*/s] 4.2
viscosity at 40 °C [mm?/s] 183
Viscosity index 133
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Fig. 2. Pitting life of RP specimens.
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Fig. 3. Appearance of pitting fractures on RP specimens.
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Fig. 4. SEM images at the cross section of RP specimens.
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Fig. 5. IPF maps at the cross section of RP specimens.
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Fig. 6. Appearance of rolling surface of RP specimens
after 10* ~10° cycles.

Fig. 7 1213 %4 0 K LI BT 5 Z RO ERF %R
T PSS - B IRIREM & SCM420 - IR IZB VT,
HE 0 R LRI AE D SR EOZALICR & R IT A
SNahol, EHREBLIORKEEESIIIONTIE,
SCMA420 - {2 R IZ BT 10° (Al DL 12K & 2 BN AT A
S7z—7, B - BRIBEBEMICB W TIZnAs i

M TdH - 7.

Fig. 8 |24 V) 3K L2 31 2 di7E 1 O Wi i #litk (IPF
map) x/NT. B - RIRIZEM, SCM420 - 2 kit &
b2, 10* [EIHE 2 A & RIE AT O MBI L AT A & 17
M0 R UMy, AR SIS PRI IR AT o
T 725, BHESH - 12 iZ EM 1L SCM420 - 2 A%t
ORI SR S R A 3 128 & - Tz,

250
% —+—Developed steel >
=z~200 -carbonitriding
=c -+JIS-SCM420
% £ 150 -carburizing
_c N
)
3§ 100
£C
5 © 50
Z
0
120 104 10° 108
’é‘ —o—Developed steel
=100 -carbonitriding 4
» -+JIS-SCM420
% 80 -carburizing
S 60
S 40 S
£ 20[
o] | v
s 0
104 10% 106
- 18
g 16
2E 1
o 3 12
T -
E (2] 10
x
So 8
ES 6 —e—Developed steel
X9 4 -carbonitriding
©
s 5 -+JIS-SCM420
0 -carburizing
104 10° 106

Number of cycles

Fig. 7. Number density, width, and maximum depth of
cracks after 10* ~10° cycles.



BT ER > IR BRI B AR IR EMOE v 7V B LS RERET) 79

JIS-SCM420
-carburizing

Developed steel
-carbonitriding

104 cycles

10°% cycles

106 cycles

‘ 10 um
001 | 101
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Fig. 9. Schematic illustration of pitting failure in RP testing.
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Fig. 10. Retained y at the surface of RP specimens.
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Fig. 11. Residual stress at the surface of RP specimens.
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Fig. 12. Indentation hardness near the surface of RP
specimens after 10° cycles.
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