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ABSTRACT

Effect of Mn addition on rolling contact fatigue of C-base induction hardened bearing steels has been
investigated to develop inexpensive surface-hardened bearing steels with improved resistance to rolling
contact fatigue, Fatigue tests were conducted in elasto-hydrodynamic lubricating conditions at a shaft speed of
5,000 rpm, under max. Hertzian stress of 492kg/mw".

It was found in the C-Mn steels that effective depth of induction hardened layer and amount of retained
austenite were slightly increased in comparison with those of C-base steels. Finer interlamellar spacing of
pearlite in the C-Mn steels was also observed using TEM. Decomposition of retained austenite during rolling
contact fatigue was smaller in quantity in the C-Mn steels than C-base steels. This might be associated with
enhanced mechanical stability of retained austenite with addition of Mn. Statistical analysis of fatigue life for
C-Mn steels using Weibull distribution indicated that improved resistance to rolling contact fatigue was
mainly attributed to transformation induced plasticity and mechanical stability of retained austenite.

1.M B o &gz HHEFE ALe V1A 8o0lH
g Foll A=A 2 HEAQ HEZ-ZH o
oy & HAste & AAF 35l Ade FA AR E A2t dold F ANE FEo| A3 A



208/CAH #=73% w1972 40P M2AF vlXE Mn A7) 4%

o uke) 7t LA "ol

A3t AxAF U 4% 71Ale) n&dol ulel v
olge] HAFZE: 927} v & W2 AP= e woly
aAe] HAHZ AZAYE U Folof ¥ WAL A
717 192w o)& ## AW F EAFY vl
& DA AHER ot AFAIZo| A Az 8ol B
o] =& Aol sith A2 AEHD 3lE o] Y
& ole] Axo|7t BH2 8} 0.5m o1 5H2 vl gk
Wil Egle]& 2R (tribology) &HAA &&FEN7}
8] F5F A2 2 A o] AR v fegEp
© 2% 453 718 ¥ Fstee e At A
¥ 4 9l @A) Ago] e Azujgo] A 5w
uk ofzh ZHE3} AJato] Boldle] Au) g EHZ 2w
o3& Azsh= ol vl ¢ AR Aoz igEd

HEULE WA ke BE, fEAgd AP
e FeLTtolng & dFdMe FEAE AEA
3 ¥ AAEF AN PR AAIE A 2A%EE AL
I A3s FUd ZAAA Mng MM Sea7w) v)
RAESS] AAYE f2AY] L& KA WP
e A A% 71AASE AA A ). =8
Cs} Mn®& Ms2 %58 W31 QAEl|EE eH 88}
© 98E S22 {272 ¥ 2§ exHUelESN 4
Aol AAHZE v 2AY Fo FR4273 Mng 37}
T 32NN 47 g 2AF LHURlE AFol
vehg zlelch ek £ A7eME o & Blmiyel
o FE2PF Mng 719 L7 AAFE =2
Ay 43 AR THE R o

2. gy

A7\2eM £ & ALt A o Q0
a3 g2 Azg CA A8 Mng A7 N9
o] P EE B A3} Table 13} o) Yelyich. C
A AEe] C243% Mng H7Hg AlEe Mn24Le &
=73e] AFstn =3 F AAES 2ol &

Table 1. Chemical composition of specimens
(wt2%)

A Jeld & e 24 9D AUEE gz
& BEA

HAHE H2AYE AEE 71ANEY QxR
o8] 27 9.525m, o] 100mm2] B0 2 ghEo] A
i e

°] Al progressive hardening g0z 17w

SEASGAAM fEIUE SIQE ¥ BASE 22}

3] EAABSIAT. A8 ¥ AP oS oy
2 A2dvlg ¥ AW BAREE 23 I
0.171~0.242/m, Ra2 JEPSIT}

F=AGG AHe FAANNRE FAFog o)
o W& AxEEE 100m Folnlt} ulojaz wlHA
A=AZ 3HF 3008 7l8ie] d&Hog JAse =
Al o AHE RAAS Holg AREXTHO
2HE 3P0,

AP F A2AY 2 Fig. 1o F2798 =430
2 Jeld Polymet RCF-1 Al87]ol4] &%/ Shell
Tellus Oil 378 A#el FFEAN 315 296kgf, A
£% 5,000rpme] ZA o2 AUER 212} 102]4 44
B9t Fig: 18] Al9 &) Hle] 1A o] 20

ojs) Algel 3HFo] 7HsiAIn AjEt AZE ZE) 9

282 c s (Mo P | S |Pe

ERICALLY

CA 0.4410.23| 0.67( 0.008 | 0.004 | bal.

C-MnA |0.44]0.3111,71] 0.018} 0.011 | bal.

Fig.1 Schematic diagram of front view of RCF
tester.



& Algo] A A Agal Y3F tAaE AT
2 5o YUtk o] W AlWe] sHiAE HFL 224
(load cell)s] 2E#%! X)A}7](strain indicator, HW1-
D)E 93zl 3% Al Foll AWl )7} ¢4
89 t23s} AH Alojo] YAE AFol AFHAYA
of Agsle] Algrle FFo] B HAA vepd
FX 8 7 A9 AR Y2sgoz s

2 AgolA Ajgd] 7187 85 Hertzg o2 @
Abgl A" 4924g /e o 2 LIEPSTE.

CA A¥3 Mng A71g ABe] BHHE Ha2s
& slol B¥(Weibull distribution)] $A42 #43
¥ o2 Jehfo] ¥ n B8}

AR o) 2A YA w2 L Be AE Al
AENE A AU 2 PPog A=A
A sAuiaro 2 zlold Ml 4o 2R3 A=
gyzHog Jehlich

F=78% CA Al¥at Mng H7Hg AlHe) ¥d7
glze) vz HAES HaA YAl AEe] A=
Qoo LAY Dzade] ¥4 R AYE B
o|§ B 243 22} vl male] nASIAT

E£3 2 AWE 922 8A) CA 8T Mng ¥7He
ABe) A5 erHUo|Ee] Bl AHEE goly
7] 918 whE-ge g A ge Yo7 ey ue
QARE BT 20)olE & AMEF X-4 2 EAIY <8
FAlElo] iR FAMe] AXP=E 3% R L.

900 T P T 1
800 | -

700.0.0..0.0....... {
600 -
L

400

M.V.H. (Hv)
g

8
T
[ ]
L
L)
L
*

Ol PRSI IR S S 1

] 500 1000 1500 2000 2500
Depth from surface (um)

Fig. 2 Microhardness variation as a function of
depth from surface in the C base
induction-hardened specimen.
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Fig. 3 Microhardness variation as a function of
depth from surface in the C-Mn base
induction-hardened specimen.
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Photo 1. Microstructural changes with depth from surface in the C base induction-hardened specimen,
(a) surface (b) subsurface (c) region of effective depth (d) interior region
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Photo 2. Microsturctural changes with depth from surface in the C-Mn base induction-hardened specimen.
(a) surface (b) subsurface (c) region of effective depth (d) interior region
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(a) Cbaseand (b) C-Mn base induction-hardened steels.



210/CA #=73% vlolg el HARE 27 Fol v|AE Mn A7t 9%

QH3 4 (thermal stability)e E& 3A3& ¥=2d 9
g A RS dAse 71AR GAA
(mechanical stability) £ Z7131 S& A& & A4
< 28 WA =ick

§

(211).

Intensity
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Fig. 5 X-ray diffraction patterns of induction-
hardened and rolling contact fatigued C-
Mn base specimen respectively.
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Fig. 6 Microhardness variation as a function of
depth from surface in the induction-
hardened and rolling contact fatigued C
base specimen respectively.

900 T T T T Y T T T
O : before fatigue test
e : ofter fotique test
800 | 4
>
ES 8,—-0\
z 700 ) &
>
3
600 | ]
1 A i (s 1 L N
5000 100 200 300 400 500 800 700 800

Depth from surface (um)

Fig. 7 Microhardness variation as a function of
depth from surface in the induction-
hardened and rolling contact fatigued C-
Mn base specimen respectively.
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