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Abstract — The effective case depth for case-hardened rolling bearing has been discussed. For this purpose, roll-
ing contact fatigue tests for ball bearings built with inner race of various hardness values were conducted until
L, calculating rating life using a bearing life test machine under radial loading. Then, the distribution of residual
stress below the inner raceway, which depended on the hardness value, was measured by X-ray diffraction. As
a result, the linear relationship was established between the hardness value of the inner race and the theoretical
shear stress evaluated at the depth where the residual stress disappeared below the inner raceway. Based on the
relationship, it could be found that the factor of safety in bearing manufacturer’s rules for the effective case depth
of case hardened rolling bearings was set higher. However, it could be also found that the hardness values at the
depth where the maximum shearing stress acted below the raceway surface in a tapered roller bearing hardened
by the carburizing process, were not sufficient for preventing plastic deformation under the basic dynamic load
rating. Consequently, further efforts were still required to reduce or to disperse the contact load on the material
design of a rolling bearing in order to prolong its life.

Keywords — case hardening G£¥H733}), rolling bearing (7-5#191%), effective case depth (f-2733}219]), hardness
(7A%), plastic deformation (4248 &)

LM & Wyste] o] ol Hrh4-6]. oleld 4 AL

duom FEHE A WS F e Avsd.

it ow PEuolgel YekAzle] HEE EWNE 1, 7,-o 7|98t o] Hrjgte A EA & &
IAER Sn ARE A4ER fANA WS 1 Al Zolol Ageks 0w deld eirh4-6). wep
8o B3] oIt 2], QiR oleid A NP Awe WHT DAV} U] v 53
B nEsgAe Bt e BRSNS B AR /19717 d e TEulege] 4, 2
= erg o] A8k Holole] Amt Wols 41
s Aol FEAZIL AR50t 3] o g Fesih & 5 A7), 2PE Brsn
JuEoR MEEE W @A gEAe FEuelsl delt f8%43 golaw

o,
3
1o,
o
X
i
A\
o2
_0|L
2
%
%
o,
2
N,
AN
o
e ok

w3} 2o] YHow £4o] FAHo] AEHow g sk 9on o] FAE Tald] wek ol W - 9%
Sl spallingolt} flaking 59 2. Ewetelzk o 4 Aol wek A4 ek o= ) HekAle]

- Zujolgle] Heka =AL woly & A3
"Corresponding author : lhy@kmu.ac.kr :rL“:,‘ﬂ ofge] ezl 22 wjojd Fulell met A
Tel: +82-53-580-5548, Fax: +82-53-582-8141 o]gk Zlo] dnkolnt,



B>
H

AR el B & 738} dolol the »2

djt

(

o

£ ¥k tapered roller bearing]
&733) ZJo)¢} ol M 72HE A EEIT)

—

0t

H

2. ATdY ¥

no
=
o
H

-1, A EH

B Apore dutdoz woly oz d#x 1
B2IE7) STB2E Wol® FH #6206 WEWA
30 mm, A=7:37.175 mm, AEFE:4.81 mm)CZ
AZsigATt. o]52 AREHQl wojg HES] Alztg
S AR F A0 EHEE Sk EXE= 830°C
oA 407 FAIT F FWsle 2YIBE AR, 7
z} 180°C, 250°C, 350°C, 440°CollA 2A17+4 tempering
A2 E AT 1 ZF tempering 2ol W 53]
=4 #Hg Ax7F 272 HRC 62.8, 59.9, 55.2, 49.1
Az Aoz FRIFL) ©] F o)L dAtslal H
oldg o) Hgsl= FMHRC 62.3)% E(HRC
63.1) A ZH3ted ¢hxdst ball wWojHS AFSH
T FHEAIEE s oln Bo] FXIAS I8t
HErA2 © AA #62062] retainersS AM-3ISAT

22 TEEEAMNE 4 X SHEH

W&o B3] FEHFAELS Fig 10 verd 8

9

|
oY 3% Al Woly FHARE At

PRl

MOTOR

Fig. 1. Schematic diagram of rolling contact fatigue
tester for bearing.
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Table 1. Rolling contact fatigue test conditions for bearing

Radial load bearing test
machine

59 x 10°N (at 0.3C test)
11.9 x 10°N (at 0.6C test)

2,000 rpm

Calculating rating life  308.6 hr (at 0.3C test)
(Lo) 38.6 hr (at 0.6C test)

Turbine oil #68

Life test machine

Radial Load

Rotational speed

Lubrication

Table 2. Conditions of X-ray diffraction

Tube Crka
Diffraction plane o-Fe (211)
Current in tube 10 mA
Voltage in tube 30 kV
Irradiation area 2x4 mm®

Filter \"
0°, 15° 30°, 45°

Incident angle ()
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Fig. 2. Distribution of residual stress below inner raceway
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Table 3. Depth from raceway surface where residual
stress disappeared in Fig. 2 and Fig. 3 and theoretical
shear stress evaluated at the depth according to the
hardness of inner race

0.6C test

0.3C test

Hardness

(HRC) Depth Ty Ty

Depth = Ty
(mm)  (kgf/mm’) (mm) (kgf/mm®)
62.8 0325 786 528 - - -
59.9 0335 77.6 51.7 0.130 76.6 58.6
55.2 0475 61.1 395 0270 60.8 40.6

49.1 0.635 482 306 0325 539 354
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Fig. 4. Theoretical shear stress as a function of the
hardness.
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Table 4. Dimension and theoretical effective case depth calculated for four taper bearings

Race thickness
(mm)

(kef)

ok %

IR OR

BDLR'

Theoretical effective case depth (mm)

ok

IR” OR

Tst Toy Tst Ty

#320006J) 4.7 53 3,900

0.285 0.290 0.204 0.216

#30313J 12.3 11.6 18,800

1.098 1.109 0.704 0.741

#32330JR 279 31.7 126,000

1.860 1.912 1.117 1.233

#32252 40.6 45.0 179,000

1.781 1.876 1.182 1.343

*BDLR : Basic dynamic load rating
**]R : Inner race, OR : Outer race
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Table 5. Maximum shear stress values and theoretical hardness values evaluated for four taper bearings under
each basic dynamic load rating

Static maximum shear stress (z) Dynamic maximum shear stress (z,)
Depth Stress Hardness Depth Stress Hardness

(mm) (kgf/mm®) (Hv) (mm) (kgf/mm®) (Hv)

#32006] 0.18 82.2 765 0.07 68.0 882

#30313J 0.38 88.0 815 0.23 72.9 935

#32330JR 0.78 78.7 735 0.46 64.8 847

#32252 0.79 72.9 686 0.49 60.0 794
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