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Microstructural Change near Retained Austenite Interface during the Formation Process of
White Etching Area under Rolling-slip Contact

Hisashi HARADA, Tsuyoshi MIKAMI, Atsushi Y AMAMOTO and Harushige TSUBAKINO

Synopsis : The microstructural change near interface between retained austenite and martensite during the formation process of White Etching Area

(WEA) under rolling contact is investigated to characterize formation mechanism of WEA using the disk on roller type rolling contact fa-
tigue equipment. These examinations were carried out under rolling/slip contact. When the slip ratio between a roller and a disk is 14%, acic-
ular structure and WEA have been formed below the contact area. The sample has been investigated using Optical Microscope (OM), Scan-
ning lon Microscope (SIM), Transmission Electron Microscope (TEM) and X-ray diffraction equipment.

It is found that acicular structures have been formed before an appearance of WEA. It is considered that acicular structures are formed by
shear deformation of martensites. These are at angles of 30° or 160° with rolling contact surface. These angles have been suggested a direc-
tion of shear stress that acts on material under this experimental condition. In this microstructural change process, volume fraction of retained
austenite has been decreased after the formation of acicular structures. The microstructural change of retained austenite occurs under differ-

ent contact stress 4.2 GPa and 3.3 GPa, though hardness of both specimens is not change. Volume fraction of retained austenite under WEA

formation process decreases with rolling contact time.

In this microstructural change process, many voids have been formed near the interface between retained austenite and martensite. This is
suggested that the interface acts as voids formation points in the formation process of WEA under rolling/slip contact.
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Table 1. Chemical composition of steel. (mass%)

Cc Si Mn P S Cu Ni Cr Mo
0.98 | 097 | 045 | 0.011[0002| 002 | 003 | 1.98 | 042

Table 2. Heat treatment of steel and resulting hardness and
retained austenite.

Quenching Tempering Surface | Volume of Retained
Temperature Temperature Hardness Austenite
Steel 860°C 260°C 735Hv 1%
Load
£ Sample roller
: ‘(// -
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Fig. 1. Schematic diagram of disk on roller type rolling fa-
tigue test machine.
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Fig. 2. Specimen shape.

Table 3. Experimental condition of disk on roller type
rolling-slip fatigue test machine.

L oad 5.8kN, 3.2kN
Contact stress 4.2GPa, 3.3GPa

rotating speed of motor 505"
slip ratio 14%, 0%
lubricant traction ol
Temperature of atmosphere 100°C

Rolling direction

e

Fig. 3. Result of optical microscope observation of speci-
men which flaked at stress cycles N=1.1X10. The
white arrow shows Flaked surface. Black arrows
show crack and WEA.
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Table 4. X-ray diffraction condition of volume fraction of
retained austenite.

X-rays CrKo,
Voltage 30kV
current 30mA
collimator D0.15mm
«’ phase : (200)
crystal plane Y phase : (220)
detecter scintillation counter

Fig. 4. Optical microscope observations of cross-section of
spccimcns Contact stress is 4.2 GPa. (A) New
specimen, (B) stress cycles N=7. 8><10’ ()
N=2. IXIO(‘ (D) N=4.7X10° (Ey N= 0><lO (F)
N=1.1X10" (failed specimen). Dotted line shows
black structure. WEA is formed in black structure
in (F).

(A)

Fig. 5. Optical microscope observations of cross-section of
specimens. Conlact stress 1s 3.3 GPa. (A) Stress cy-
cles N=2.0x107, (B) N=1.1 X 10"
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Fig. 6. Optical microscope image of black structure. The

black arrows show acicular structures.
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Fig. 7. Volume fraction change of retained austenite versus
number of stress cycles.
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Fig. 8. SIM images of sample with stress cycles
N=1.0X10". (A) shows the same surface of OM
observation. Black arrows show acicular structures.
(B) shows the cross section at the dotted line in
(A). The dotted line shows microstructural change
area in (B).
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Fig. 9. Result of TEM observation of acicular structure.
Points of (A) and (B) are needle like hollows which
observed by SIM. Black arrows show voids. Many
voids are formed at martensite lath interface.

Fig. 10. Results of TEM observation of new specimen. (A) shows bright field image. (B) shows dark field image of retained
austenite. (C) shows SADP. White arrows show retained austenite.
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Fig. 11. TEM images of retained austenite in new specimen. (A) shows bright field image. (B) is dark field image of retained
austenite. (C) shows SADP. Many voids are observed at interface of martensite and retained austenite.
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Fig. 12. Schematic diagram of plastic flow in rollin%—s]i])
contact at experiment results by Nagashima'®.
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Fig. 13. Optical microstructure of WEA under this experi-
mental condition. The contact stress is 4.2 GPz.
The slip ratio is 14%. Stress cycles are 1.1X10’.
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Fig. 14. Measurement result of angle between acicular
structures and rolling contact surface.
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