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Fatigue Failure Characteristics of Carburized Steels Under Low
Viscosity and High p Fluids

Shigeki HIGUCHI, Yuki TANAKA, Keisuke INOUE, Hideaki MITSUI and
Yasuhiro MURAKAMI

Synopsis

The automobile industry has been making various efforts to reduce fuel consumption due to CO, emission regulations. The
viscosity of transmission fluids for gasoline engine vehicles, both automatic transmission fluid (ATF) and continuously variable
transmission fluid (CVTF), has been lowered in order to improve fuel efficiency by reducing stirring resistance and increasing
friction coefficient in CVTF in order to improve power transmission efficiency. On the other hand, lowering the viscosity and
increasing the friction coefficient of fluids may reduce fatigue failure properties because of thinning fluid film and increasing
friction force. However, the effects of these fluid property changes on fatigue failure life and its mode have not been investigated in
detail, and there are many unclear points.

In this study, the fatigue failure life and its mode for SCM420H and high softening resistance steel (Daido’s DEG steel for
encouraging vacuum carburization of gears) were investigated using a two-roller pitting machine using ultra-low viscosity and
high u fluids. As a result, the DEG steel with high softening resistance showed longer life than SCM420H in ultra-low viscosity and
high u fluids. Furthermore, it was found that when the failure mode was pitting, the life-extending effect of DEG steel was greater.
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Table 1. Chemical composition (mass%).

Material C Si [ Mn| Cr | Mo | Fe
SCM420H 0.20(0.20|0.72{0.99 | 0.15 | Bal.

High softening
resistance steel

0.20 Add. Bal.

CNGEMIE, 150 kg DEZEFRIFCTHEL, 20D
%, BAISHIEIC LD ¢32 mm OEHICHEM L. 2o
W12 950 T D BEZ & LALER % i L 72 1%, ARMin T2
£ o T ¢263 mm X 130 mm O RP i B - (BRE) o —
S —) L 72 HE\vT 950 C T EZ2iE AL
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AN, BERL (180 TX 72ks) #f7o7:. HRLHED
RP SABR1E, SBRES (WET) DM S 26z 57:9,
A 150 um OFE 21T\, $ET O EE % $26.0 mm,
M E % Ra = 0.14 um (2L EiF72. Table 21213, RP
BRA iR B SVE %779, SCM420H, DEG i & b1z, £
JETE 13 700 HV Tdh o 72, F72, Fig. 11213, &%
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7mm’s LT Th Y, EREICAEMS T SN2 MlH TH

%. Fluid A 1%, LA ZEKMEMWTH Y, Fluid B 13,
Flud A £ 1) & 25 I2EMEZR D TH A, Fluid C 1T,
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MBI EICEBY Y Fig 21213, FIAET 4L
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Table 2. Roughness, carburizing, hardness and

microstructure of RP specimen.

High softening
resistance steel
(DEG series)

SCM420H

Ra / Rz [um] 0.135/1.143 | 0.138/1.292
Carburizing [wt.%)] 0.65 0.71
Hardness
at 0.05 mm [HV] 701 709

. Martensite Martensite
Microstructure (+retained y) | (+retained y)
Retained v [%)] 24.2 28.7
ECD
at 513 HV depth [mm] 1.28 1.26

750 SCM420H

; High softening resistance steel
700 '/\ i

650 RP specimen

600
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Tempering time: 2 h
500 pering

Hardness at 0.05 mm depth [HV]
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Tempering temperature [°C]
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. 1. Hardness at 0.05 mm depth in RP specimens
after tempering at 275~350 °C for 2 h.



Bl b > IR B & OV w il T2 81 2 B R O HMERFE 39

Table 3. Properties of fluids used in the testing.

Fluid A Fluid B

. (Iow_ (gltra low (iligiﬁg)
viscosity) | viscosity)
Kv100 [mm?/s] 5.8 4.2 6.2
Kv40 [mm?/s] 26.3 18.3 26.0
Viscosity Index 166 132 200

Metal on metal friction
0.125 m/s (JASO Masg)| 0117 | 0.118 | 0.125

P 310 308 309
Additive element | S 730 1300 1000
[Ppm] Ca 110 243 296

B 70 150 142

Test: ASTM D2714-94, Block on Ring (LFW-1)
Sliding speed: 0.5 m/s
Load: 1780 N
Fluid temp.: 120 °C
100

20 nm 80 nm
S VST s -
¥ . T
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S 60 |
2 Fe o
® 50 e
T 40
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Sputter depth (nm)

Fig. 2. Concentration profile of elements determined by

auger electron spectroscopy.
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Fig. 3. Schematic diagram of RP testing.

Table 4. Condition of RP testing.

Test condition

Drive roller (specimen) $26
Driven roller (SUJ2 61+1 HRC) $130 (R150)
Rev. [rpm] 1500
Drive roller |[Slip ratio [%] -60
Slip speed [m/s] -1.22
Maximum hertzian pressure [GPa] (3.0

90

Fluid temp. [C] (Flow rate: 2 L/min)
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Table 5. Fatigue life and failure mode.

High softening

SCM420H resistance steel

Fatigue life |Fatigue| Fatigue life |Fatigue
(X10°cycle)| mode |(X 10°cycle)| mode

. N=1 2.3 Pitting 3.0 wB
Fluid A
N=2 3.4 WB 3.8 WB
. N=1 13.7 Pitting 39.7 Pitting
Fluid B — _
N=2 20.3 Pitting 37.6 Pitting
. N=1 28.3 Pitting >100 -
Fluid C
N=2 >100 - >100 -

100

10

Fatigue Life (x10%cycle)

Fluid A Fluid B Fluid C Fluid A Fluid B Fluid C

SCM420H High softening

resistance steel

Fig. 4. Fatigue life of RP specimen.

* Pitting (surface failure)

500 ym

-
.=~ Slip direction

Fig. 5. Example of microstructure at cross section of RP

specimen.
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Fig. 6. Photographs of RP specimen after failure.
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Fig. 9. Schematic illustration of failure process in RP

testing.
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Fig. 10. SEM images of rolling surface after failure.
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Fig. 11. Softening rate in RP testing.
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