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White-type Microstructural Change in Rolling Contact Fatigue from the Viewpoint of Severe Plastic Deformation

Kazuhiko HIRAOKA

Synopsis : It is well known that three types of white-colored microstructural changes occure in rolling contact fatigue (RCF). Those are called WB

(White band), Butterfly and WEA (White etching area) respectively. As the conditions of bearing use have become severer, recently these

phenomena are observed more frequently. However, their formation mechanisms and countermeasures have not been clarified, because very

complicated factors are involved in these phenomena. Authors remark the fact that white-colored microstructural changes consist of ultrafine

grains. Although the formation of such ultrafine grains are generally found in SPD (Severe Plastic Deformation), it is expected that the

knowledge in this field would be useful in the ficld of RCF, as well.

From this point of view, microstructural changes in RCF were reviewed in this report, referring previous studies and recent authors studies.
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Fig. 1. Optical micrographs of White type microstructural changes in rolling contact fatigue.'
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Fig. 4. TEM observation results of WB." (a) Bright field
image (b) Diffraction from WB area.
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Fig. 5. SEM observation of WEA."
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Fig. 6. Comparison of observed Butterfly and stress analysis result.”

Ball moving direction .

Fig. 7. SEM observation of White area generated around
void.” Cycles: 5.0X10°, depth: 70 um.
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Fig. 14. Hydrostatic stress distributions around micro-
crack at various ball positions.'?
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a

micro-crack

Fig. 8. TEM observation results.” (a) Bright field image,
(b) dark field image, (c) diffraction from White
area.
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Fig. 9. Results of rolling contact fatigue test.'”

Fig. 10. SEM microstructural observation of hydrogen-
chaged specimen at 1X10° cycles.'?

Fig. 11. SEM microstructural observation of hydrogen-
chaged specimen at 1X10° cycles.'”
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Fig. 12. Microstructural observation of hydrogen-chaged
specimen with flaking at 8.6X10° cycles." (a) Op-
tical observation, (b) SEM observation
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Fig. 13. SEM microstructural observation of Needle-like-
crack at 1X10° c7¥c1es which was finished by Ar
ion Flat-milling.2

BRAL & [FAARICIS IR 2 R L 224, 2R/HOF Y 28N
I Fig. 14" 2R & S ISEB R DRI U TR AR K
NAIZBNTERESHABOIRETHER 5 Z L b
Motz, ZOMEMNINZ T T4 PE (HEE) DERAE
PRL7AHAE BT EEDTH - 7=,

4. BBEEBELERICET 53%E

PR DO L 65 VN EE L OMEBRIZLD
ENDENIZEB T 3300 % 4 7OREGAKEBEZ L IZMH
LM OTADERML-BHETH B LWETE LS, LT
123 8% 4 OB DN T FDERBEREZ 5 0UZI1E<
it L OBIRAEER T 5,

4-1 NETTLERICEHAT HIER

INE T T4 BERADENIENT, EEBNEY (KR
HOFEERTIIEME) 445 e LTEU 39 2 24 ks
K4 28R THD, AGERTIPEIL, BAMOTADE
BickoF / #EREAEZ Tk, 2O ulykphE
%, PIE X HOMAERHRIZE > THBA I 5, P
BONEISHERE L TRRERILTHEDTH SHH, i
KIEHES AN TEWRE TS - T, 45N
RERNOB X TIIHHE SV, EEAOFEMIZ Xk 54
WH 2 BRI B O TERKERIS A K DBV IE,
Tl FRARRIZEER I LHOIIRY H 5 L FEgIC, ¥
PR GID I T b BRI T AV O HBINE /i 426
TiBThd LT A B, TOERIC KD EMEEEE RRTIC
1EDT, R LI KD BEWOFRETH X 50K %
BT, MOTAMIICHEL 727 /fESILIZE 7= D
T 5, ThbEAGEMBELEBOERIZIZRERZ T T
L, RFMIZEEOTAEZER S B 5 L0 BE
NhHBEDLBEINE, F-HEH-IT, EESDZDHR
DL K, EFEBAEANOIEHERICKDAET 5%
PRERIZ B W TH RO TR I (Mode DiIZk D5l EEh T
WBIZLERbhroTWE, ZORE»S, IEEBITFH»
SOPIHEHZAGIZIEES ZWHRITEMIZ K BIAHED
HEZELABEE LT3 L8541 &0, BEEELOIE

641



I 642

$% & §8 Tetsu-to-Hagané Vol. 94 (2008) No. 12

BT 2ERIT, FEBMTEM TR A LR E LT
WA, EEOIEEBNTEMIC BT ERHEE DRI
BN B Z & #MELT?, RSO EREER L S TN
HEPER A I =X LXK >TNE T T4 IR E N5
D EHEE LT 5, Nélias 5 DIIEE S DR & IFIEHC
FUETOEBDFENRAERIZE > T, EHELOHBEHEIZIZF
CH A o0 ThBEFaOBYMIC, EEOIFESEITEY
POEHEEESI N TIAERNDD I EEREL T
b, ZOKDEINET T4 EROWERIL, IEEBITEDi
MOYH 2 2R OMIEESFHL T 0, IEEBINTEWHI
ik B EFGUAOEELIEHE2 52 TW52),
4-2 WEAXARKICEAYT 3EE

WEAZER & F S NI B, KFIck-T5lEEh
SHEME THEATICHIBRT 2tk 2 2T 20 =&, B
IEB L TR P EXRHAERTE7-DICHE LS LD L
EEANT, BHELDOHEBRIZBEWTWEARIZ S BED Fan i
W GEKREF v —OM) OEFGOEDEKRENLL
(Fig. 9), MiEANFTASANI < BEL U TRl L T
RiZE->TnB L ZDHEERNITZEDOTHS, —
HUMHOERE TH S WEAHKIZARO P ERIZH - 7%
—FICECTHD, EHEEE LTI TR EEHRTH 5
EEA, AT T4 LRI L EHUROEM EHHRIC &
NE7:5 SNZBUOTADRBMNLERICK ST /
LR TH S, ZITHEHENDIRZIZKK L = RE
BEDBEBRTH 20, EEHLDORERNNIBWNTENIIR
FTIENTETOEN, LALLM KEKREET EORRK
IZBL T, FUSONTRYDRIENL, T4 b MERN A
HAMEEORTE L EHPAKENE 26T I L 2HEL TW
5, ZOWMEEHELADENIWEARIOPI & X H KK
2 AMENBENEIZOREIZEDE b6 dhTns &
W) ETFILEWHEE L TETBIZENTES, %%6®W
FIZHT 5 SEM & eSS 4 i & § 4B T
W%%#ﬁ%zEﬁé£f5EMWMi;b6hfw&w
A, ZHhEHEOTAOEESEEHEMEBE TR 2
TBWEA LR TUNEWDTH B EMMRENS, 11
DI, 5407 L LR SR AT 2 i s A 13T L
fw5é®tﬁiéhéoghin&774$ﬁmﬁf
BT & OB LA & IES B I e RB A~ DS T4
iz X MR H B Z E DM@ T S,
ThbbE/INE2T T4 L WEARMBIZRTRED L DT
HBN, KDY ZRIPERMEOEWNIL ST, Bk -
v o ulEREE R T A EEMIN S, BIENIESR
TAEM OB 2 B I, BENKRKEDOEHIZK S
YLEE TREAT NOBEMEBIER I CHRERTH5 2 LIC&K50
ThHb,

4-3 WB (K74 MU F) £HKICEAT2EE

WBIZ, FERGERERHE & L T oSk o i b 12
FWT, W27 54 R WEAL EAREMIZER S, &£ER

68

FAT T2 2R b OB E T OIAHEH B K 5%
EHOEKERSZ LN TE S, Fig. 1@Ik T, &
KEECE A 2303, BHEWBEORBEASAEKL TS

HICRRZTIONE, ZOXS HER»SEMETH 5 T
AR TONMBGRBERL SRR RSN B TH 5 Z L 2R
Maensd, EHLISRBREZICRONIBR TH 52,
ZHH S 302 K D BER LERILRE & B 5 Ao F2ER 7«
MR - BRI ISRABRIS R ST b,

5. &8

—HOREN BT, EADENICEVWTHBEET S
HREZILTH B WB, /3% 75 4 55 UNIC WEA IR FTRY
BEAMOTADERTH D, O-T AN T TORSREM
WMLBRR EEMABRETH B Z ENHASNIZRE R, Z
DRFG#EHEE LT, EADIENOMERIT I\ T AN
O FADEEE S5 TONIHERL -EE S OEICL
D, SHEENDO~ 7 o LEBGRRENRHATE T3,
WEAIZ TEMICR TR BICBES L, BICZoxE

P RKOOENDZEDTH 20, KFREFREE LR
YA ERER AR Sz, 2O RIZIEI D

R 6 SR S OREE I L 72 KM T 2 ML Dff kIt
&oY, BERINTYIH & LB 5 AR 2 8BS
MY HIEMAWT I L TH S LMbms s,

X 73

1) K.Hiraoka: CAMP-ISIJ, 20 (2007), 424.

2) K.Maeda, H.Nakashima and N.Tsushima: Proc. of the Japan Int. Tri-
bology Conf., Nagoya, (1990), 791.

3) Y.Murakami, H.Takemura, M.Naka, T.Ogawa, T.Ogawa, T.Momono,
A.Iwahara, and S.Ishihara: NSK Tech. J., 656 (1993), 1.

4) M.Shibata, M.Gotoh, and T.Mikami: Proc. of the Japan Int. Tribolo-
gy Conf. Yokohama, (1995), 1351.

5) K.Azuma: Fujikoshi-giho, 55 (1999), 48.

6) N.Tsuji: Tetsu-to-Hagané, 88 (2002), 359.

7) M.Umemoto: Sanyo Tech. Rep., 11 (2004), 13.

8) K.Hiraoka, M.Nagao and T.Isomoto: J ASTM Int., 3 (2006), No. 5,
Paper ID JA114059.

9) K.Hiraoka, M.Nagao, H.Tsubakino and A.Yamamoto: J. Jpn. Soc.

Tribol., 51 (2006), 744.

K.Hiraoka, T.Fijimatsu, N.Tsunekage and A.Yamamoto: J. Jpn. Soc.

Tribol., 52 (2007), 888

H.Swahn, P.C.Becker and O.Vingosbo: Mat. Sci., (1976), January, 35.

M.Iguchi and K.Tsubota: CAMP-ISIJ, 10 (1997), 545.

S.Okita, H.Takemura and Y.Murakami: CAMP-ISIJ, 12 (1999), 351.

K.Ueda, N.Mitamura, Y.Murakami and M.Ohori: CAMP-ISIJ, 15

(2002), 1033.

P.C.Becker: Met. Technol., (1981), June, 234.

FINFSE, REFF, BROENG, LEHE,

T4 R0 Y -2 PRE, B8, (2007), 53.

FHE A b7 ARuY -2 TREE, £E, (2007), 55,

Nk, ZL¥E PS54 XaP -SBTRE, £H

(2007) , 57

A.Muroga and H.Saka: Tetsu-to-Hagané, 84 (1998), 351.

N.Kino and K.Otani: CAMP-ISIJ, 15 (2002), 1016.

H.Kinoshita and K.Hiraoka: Proc. of the Int. Tribol. Conf., Nagasaki,

(2000), 1719.

T.Fujimatsu, K.Hiraoka and A.Yamamoto: Tetsu-to-Hagané, 94,

10)

1)
12)
13)
14)

15)
16) ZHNERS b
17)
18)
19)
20)
21)

22)



23)

24)
25)

26)

27)

(2008), 13.

K.Hiraoka, T.Fujimatsu, K.Hashimoto, S.Fukumoto and A.Yamamo-
to: Mat. Sci. Forum, 561-565 (2007), 2151.

K.Takai: Trans. Jpn Soc. Mech. Eng., 70 (2004), 1027.
H.Hadada, N.Oguma, A.Tamamoto and H.Tsubakino:
Hagané, 89 (2003), 789.

H.Hadada, T.Mikami, A.Tamamoto and H.Tsubakino:
Hagané, 91 (2005), 567.

SERAHIE ¢ S B A7 K2 LA, (2008), 90.

Tetsu-to-

Tetsu-to-

69

28)

29)
30)

31)

32)

BOFABRR L UTRAESDEIIC L5 AAMEEL

D.N¢lias, M.L.Dumont, F.Champiot, A.Vincent, D.Girodin,
R.fougeres and L.Flamand: Trans. ASME J. Tribol., 121 (1999), 240.
SERIE | REEA R TR LR, (2008), 21,
H.Uyama, Y.Mine, Y.Murakami, M.Nakashima and K.Morisige: J
Soc. Mat. Sci. Jpn., 54 (2005), 1225.

N.Mitamura, K.Seki and Y.Murakami: NSK Tech. J., (1994), No. 658,
11.

SERIFNEE ¢ RIS K T2 LR, (2008), 104,

643



