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Microstructural Alteration and Flaking due to Rolling Contact
Kazuichi TsuBoTa

Synopsis:

It is well known that microstructural alteration such as a dark etching constituent (D. E. C.) and a
white etching constituent (W. E. C.) occurs on the area adjacent to the rolling surface due to rolling
contact fatigue. Specimens taken from high carbon chromium bearing steel were fatigue tested in the
thrust type rolling fatigue testing machine for these experiments to investigate into microstructural
alteration.

The D. E. C., W. E. C. and plate-like carbides were observed among which the plate-like carbides
were found out most closely related to the flakings in the specimens for the thrust type tester and ob-
served under approx. 809% of the flakings. Their hardness was up to 1300 of HV. Some plate-like
carbides formed perpendicular both to the rolling surface and to a tangent to the rolling track with
the plate surfaces and others formed parallel to the rolling surface.

The plate-like carbides formed during fatigue testing had higher carbon concentration than that of
the matrix, which indicates a considerable amount of carbon diffused to generate the plate-like car-

bides during the test.
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A: Specimen holder, B: Specimen (60¢x5—10mm), C: Retainer,
D: 3/8’' (9.525) Steel ball, E: Upper race ($#51305 thrust ball
bearing), F: Shaft (1200r.p.m.), G: Lubricant (#60 Spindle
oil),
Fig. 1. Schematic view of thrust type rolling
contact fatigue testing machine.

(1)

Rolling track

Specimen

(1) Grinding down in the direction of thickness of the disk
specimen parallel to the rolling contact surface, (2) Cutting
off in about the middle of the rolling track tangential to the
track and perpendicular to the rolling surface, (3) Cutting
off perpendicular both to the rolling direction and rolling
surface.

Fig. 2. Position of microscopic specimen section.
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Photo. 1. Dark etching constituent developed in
SNCM 420 carburized steel.
Prnax-=540 kgf/mm?, Stress cycles: 6.98 x 106.
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Photo. 2. White etching constituent developed in
SUJ-2.
Py . =600 kgf/mm?, stress cycles: 1x 107,
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Rolling surface

Poox. =600 kgf/mm?2, Stress cycles: 1.73x 107,
(Arrow indicates plate-like carbide.)
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e bo—FlaRT.
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Table 1. Hardness of plate-like carbides in SUJ-2.
T.P. No. Hardness of plate-like carbides (Hv 15grf) Vickers hardness of cementites
Perpendicular to the direction To the direction of plate
of plate thickness thickness O Big carbide in SUJ-2 ingot
J-1 1316 =6 1376 n=4 ((Fe. Cr)3;C, Cr=22%, Hv 15gcf)
J-2 1234 n=2 — 1 1385
J-3 - 1303 n=7 n =21
J-4 1374 n=1 — O Hardness of (Fe, Cr);C : 169023
1{1:? 1005 n=3 1133 =3¢ (Cr=8%, Hv 50grf)
N-2 1574 n=1 — O Hardness of Fe3C : 134023
N-2 —_ 1255 n=7 : : 131420
Mean 1286

n : numbers of measuring points per carbide,
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Rolling surface
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A: Plate-like carbides developed tangential to the track and perpendicular to the rolling surface, B: Plate-like carbides
developed parallel to the rolling surface. C: Plate-like carbides showing both types of A and B.

Photo. 4. Typical types of plate-like carbides. (Rolling direction is from right to left)

Photo, 5. Plate-like carbides developed in 3/8''
SUJ-2 steel ball.

(This surface is perpendicular to the track. Arrow
indicates plate-like carbide.)
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OE TN S ERLTWL I bk, 20X
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TR O IBEATA P RBREIC X 5REMOL S B
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Table 2. Formation rate of plate-like carbides*.

Formation rate of

Grade Heat  plate-like carbides Mean(%)
No. (%)
A 65 (11/17)%*
0.9%C-1.3%Cr B 79 (11/14)
Steel c 87 (13715)
D 87  (13/15)  79(48/61)**
E 56 (5/9)
1.0%C-1.4%Cr F 64 (9/14)
Steel G 40 (2/5)
H 57 (4/7)
1 67 (2/3)
] 79 (11714)  64(33/52)
1.0%C-1.0%Mn- K R VALY
1.4%Cr Steel M 100 (8/8) 96(24/25)
Total (105/138) 76

*  Prax=500 kgf/mm?2, Lubricant : #60 spindle oil
#* Denominator : Number of flakings, Numerator : Number of
flakings right beneath which plate-like carbides formed.
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A Flaking developed in SUJ-2, B Flaking developed in SUJ-2, (Arrow : Spherical particle),
C  Spherical particle, D XMA analysis Fe-Ka, (Spherical particle), E XMA analysis C-Ka
(Spherical particle), ¥ XMA analysis Cr-Ka, (Spherical particle), G XMA analysis O-Ka,
(Spherical particle), H Plate-like carbide developed right beneath the spherical particle,

(Rolling direction is from right to left at A)

Photo. 6. Spherical particle in flaking.

P, 2x=500 kgf/mm?, Stress cycles :

W CRBICHENEDC L BIENEPC I OTE TR
EFHUDOENE, THHYEINC IO TR LACKRT &
DTUEMMBEIZE IR TETS UL LI ENREE 2
LEZ RS, REIEWIXBE~1 2707751 % —
CXIHHMCXDER % OREXEHALTEHY, Bt
ANBEL & LKBEEOEZMO~AT v H 1 +=LF )y 7
ADREEE (8 0.6%) XhrkbEmusrh, KRR
{ErERT5 2 Lixz A0 ) BB iy B0 R
ROPEI B OTWB I EEZR LS. Tkl

1.1x107,

X 5 CHCR AL BB E OB L AN D DET
WAL, Z0X5 ki@ ClEHER RKZ L LEEL
LbhaDT, B LAREIFD X 5 kit iEhok
WRIE~EETHEELZ OIS, COXSKERITIZ A
O HETOME CTVWHYPD =y b LAFRSC X
ENEEEL, < VEULGN%R%G 52 LG L
BENEYCRICHER LU TIEFRRE Vb %
B3 EEL bk, Ly oTCHEYS L K
THRENE WG EIIFCRRC D IETTETIRC IR X
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Photo. 7. Flaking developed in SUJ-2.
Prax =500 kgf/mm?2, Steel cycles : 1.2x 107,
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