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Effect of Metallographical Factors on the Rolling Fatigue

Life of Ball Bearing Steel

Saburé SHIKO, Kazuo OKAMOTO and Shizo WATANABE

Synopsis:

Effect of metallographical factors on the rolling fatigue life of 1945C-159Cr bearing steel was inves—
tigated, and the most profitable component for the bearing life was discussed.

The results obtained are as follows:

(1) Metallographical factors affected on the rolling fatigue life of bearing steel were not amount
and size of residual cementite but the chemical compositions soluted in fhe matrix.

(2) The most effective factor affected on the rolling fatigue life was carbon content soluted in
the matrix and the most desirable carbon content in the matrix was about 05 percent.

(3)

It was recognized that the mechanism of flaking was related to the third stage of the temper-

ing of martensite. This was deduced from the observation of the micro-structure of cyclic stressed area
by the transmission electron microscopy and the result of bearing life test of a new type steel with
higher silicon of which the starting temperature of the third stage was rised by silicon.

(Received July 3, 1968)
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Table 1. Chemical compositions of steel used (wt%).

C Si Mn P S

Cr * Ni Cu T.Al o

0-96 0-24 0-40 0-010 0-007

1'51 0-03 0-03 0-020 0-0017

Table 2. Non-metallic inclusions in steel tube (24).

dA B dC ‘ Total

0058 0 0:008 | 0066

(Point counting method : X 400,300 field)
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Table 3. Spheroidizing heat-treatment of steel used.

No Heat-treatment Ce_mer}tite
grain size (pu)
20min
1 850°C % 2hr forced AC——770°C x 2hr —— 700°C X 1-5hr AC ) 0-28
20 min lhr 2-5hr
830°C X 2hr —— 700°C X 1hr —— 780°C x2hr > 730°C X 5hr
2 4hr 050
—— 650°C AC
10 min 30 min 2'5hr
3 745°C X 24hr —— 780°C %X 3hr —— 730°C xX5hr —— 6350°C AC 0-71
4 745°C %X 36hr——No 2 0-93

(AC=air cool)
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Table 4. Mean diameter and volume fraction of
cementite particle in steel.
As annealed As quenched and
tempered
No Mean Volume Mean Volume
diameter | fraction diameter | fraction
() (%) (u) (%)
1 0-28 16-2 0-28 3-2
2 0-50 18-5 0-57 65
3 0-71 18-1 0-78 7-2
4 0-93 241 1-04 7-8
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Fig. 1. Chemical compositions in matrix of
quenched steel.
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Table 5. Mean value and standard deviation of

bend fracture strength.

Bend fracture strength

N Qemt?ntite ' ( kg/ mm?)

grain size (p)

| X o

1 | o
1 028 { 273 352
2 1 057 i 360 34-4
3 0.78 368 47-1
4 : 1-04 302 29-2
5 ’ 0 ; 206 24-3
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Table 6. Hardness and residual cementite” of steel
as quenched and tempered.

Residual

Austenitizing| "“Tempetin
No temperature | time( min% Hz;xidréess, cementite
(°C) at 150°C R (%)
1 810 60 61-0 9-2
2 820 60 62-1 77
3 830 90 62°6 6-5
4 850 120 62-8 55
5 860 160 62-8 4-8
6 870 180 63-1 3-0
7 1035 120 58-3 0
8 1035% 120 64-0 0

(* Sub-zero treated at —195°C)
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Fig. 6. Effect of austenitizing temperature on chem-
ical compositions in matrix structure.
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Table .8. Bend fracture strength of various aus-
tenitizing temperature.

N Austenitizing Mean value Stapdgrd
[o] temperature = eviation
FOC ) X (kg/mm?) o ( kg/ mm?)
1 810 440 335
2 820 396 26-3
3 830 360 34-4
4 850 381 35-9
5 860 . 369 296
6 870 314 38-8
7 1035 206 24-3
8 1035* 74 13-8

(* Sub-zero treated at —195°C)
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Fig. 9. Relation between median life and carbon
content In matrix structure.
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a) Unstressed zone of specimen quenched from 830°C

b) Stressed zone of

”

¢ ) Unstressed zone of specxmen quenched frecm 1035°C

d) Stressed zone of
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Photo. 2. Transmlssmn electron micrographs of the stressed zone of the cyclcd bearing steel..
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Fig. 10. Effect of contact load on the fatigue life
of bearing steel.
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Photo. 3. Transmission electron micrographs of the
stressed zone of the cycled bearing steel.

x 40000 (4/5)

950 .
~726 kg/ mm? OFFEN TV (P_rplcx, 726)
max.
flaking Iz E 278U O SrlEHT (T . ' '
XA XRRR B S X LS M ek _ 99 " T
o X x
DI TR T AT oHA FOBRL g /“ D N [ x
_ . < x : A x
SUMBERRED) ERLTOD. 5wl f Lo L R T
B EVEHROFER AT U7 R {E g x §/g_‘§\o°o g ) \ T 5 oy
o =~C0 xx XL X .= K m?
PN S i BT  E e ° N;ﬂ\l N K
. e e s : L3 A 0—0 0
SERET L IRA S B o CRESEET  § | e o~ s
N ’_‘_AL' ~ N = (o] | XX
HH, WERITFOFERIMLH»TH 3 Tmox. ogﬁﬁ\gi o
L2 * {Pmox. 500) ‘T r\ _oho|
' 750 - . v -
5.2.2 WEZE(L Prmax. = 500 kg /mme x
SRERAMRGE L 7 BUE R IR % | ‘
LWEZITTNHDOT, Bl TEIIT 7003 o1 02 03 04 05 06 o7 20
WL Twd ETHEIRh, E2a0R0 Depth below contact surfoce  {mm)
ST L E 2 pbE TEXOET % Fig. 11. Vickers hardness distribution with the depth below contact

N5 BIIE Y B T I BRI R

surface.

— 37 —



1362 % o o@m

¥ 94 £ (1968) wi3=

120 L,o
>
% /
s 80 T
b= —°"C
z o1
2 405/
3& 4Hv = Hv {max)-Hv {motrix}
S
2 o
. 5 10 15 20 25 30

Retained austenite (vol %)

Tig. 12. Alteration of the hardness below contact
surface vs. retained austenite. '

OWELECEANETE L ENBELERE L DTS,
flaking %4 U7z O#UET» 5 B OE 5 mITK
F A D2 LA M/ NEE R Tl U 7o S a5 Fig. 11
TH5D.

Prax. =500 kg / mm?2 O I I IHEE A S 0718 mm
FESWWTTHEEAEINL, FOBEELIITHEDLT
W, BEAREEETT O tmex. ONBEICITIE—
LTV, £Z5D Prax.=726kg/ mm? DEAITIE
O ISmmE I THIREEEEZRL, T EW27-A
BWAOLTHS 0 dmm FEXFHEICES ¥ TH SOFED
BEDLDTIRIE LD, 0-4mm FXLIETRELITK
LLTVWAS.

WIT Pmax. =500 kg/ mm? D354 THT 2 EOHFmal i
T OV CTRBROBIE #1770 Wi S OR & (H & B4
DB LOEZHEIOMS (dHv) L L, BEA -2 7
T4 bPELORMETRLTE Fig.1l2 oX5Tiy, B
BA—A7 4 FEOEVFHENEE 4dHv B RKE 8D
Tk, BEA— 27 F4 bBBLICES LTV 5T

PHILIS.
INLOFERY» L, Fig. 11 TEXA8MY 5 Oiddl
ZPOREA —~ AT >4 FOEERERTHY, B
NOPEIHAZ RN B X OEFIRNLEETH
DT, Tmax. FHEDORESEE LTHAMGTIZESS
BRX 2N F - i ilikibLlicbDEtELLNS. LD
RIGT DOBE T Z DILBRRAEE & T2 DI
NEEEDREWCIRR S H DD THHS.
53 # ®

LAHBVEH BT BB ED EENfEErEL
TWcl ehh, YOREDCREICETED &Il
fhisod, FRBELLELELHABICTERVW OO
P E D SR T2 mR R 5001, MEEOME
MR XS s XIETED S UREORE 2L+
LT LI L7

Table 1 ®ZFEff% Table 3-No 2 O FHETHES LT
% 20X 20X 7mm3 /gEE & L, 830°C iz 30 min {%
HUEEAIL L, 150~600°C D8 IC 60min {RiE%
WET AL ELETE ok,
Ve TRMEEHENT Photo. 4 DEITHLNS X 51,
D ELIT X2 THEAEEINRT L7, BL EL
IREBREVIEELDERIITEL V.

7B B F MO ERMIE Photo. 5 @ X 5 iTix
D, 1) 30°C OMICEANTEET T AVT H 4 FEE
DKM D X5 THOTRIK= VT 94 i KERS
FEDHTED, BREA—2AFF+4 FbEENTVB. F
7o C DEEME T TIC ¢ RILMAIFH L T 5. 1) 150°C
W lhr L QL = F o34 FEORIKITIZIZE A
ELLII VA, twin fault [ZRD7c e R X h &

—»—\{\

o

7

HY Al
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- Photo. 4. Micro-structure of the bearing steel after tempering.
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Photo. 5. Transmission electron micrographs of the bearing steel after tempering.

CHAD S HNG. i) 300°C T Lhrffgd, XL ¢
twin fault {275 O’C)ﬁft'ﬁﬂ@iﬁiﬁ ETL, TIEIRIT
D7 HEED X5 ISR HiLs . iv) 400°C T Thr g

L AL ot it s X OGRS E S, Exhi O FBAECHIN
Lo Tx 0, cell AL RGRRILOFT LA AT E
v) 500°Ciz lhr 3, XL SxNEEIT ST
EFEAL, cell HERAKEBAEEDTE D, FIRREIL
POWTHL £ <7D, FRHEMEGEL TV LET LA LI

vi) 600°C iz lhr fd &L ¢ (TEE &R sl

DT 5hH

e leoTEH Y, RILMEIERKO w4 24 B & LTI
F-mixoz{tiz Fig. 13 X Hi12%b, Hd LR

FEoLFFICONTHSEICTL, 300°C &z 5%
A< SABTM é: I o>Twdb.
S B OFHEREIESR S B A s Mk O BRZR R R IT A IS

EHR{E

7
/"
#”
/7

300°C
400°C
500°C
600°C

% 40000 (7/10)

THETHDE, THH DEMIC A Z T 55D
Tmax. AHYUALEEEIRAISANTIIG N z/’%l’% AT,
300~400°C HEDIREICE THDL & L& 7o &

"o 800 o~

Q ~

% \<\

©

8 600 AN

2 \\m\

o 400

N

‘g Keeping time : 60min

I | | | |

As 100 200 300 400 500 600
quenched

(830°C 0Q) Tempering temperoture (°C)

Fig. 13. Effect of the tempering temperature on the

hardness of bearing steel.
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Fig. 14. Effect of the tempering temperature on
the hardness of Si-steel quenched.

Table 9. Chemical compositions of Si-steel used

(wt9%).

C |& Mn P S Cr o

1:00 l1'36 0-48 | 0-008| 0-008 | 1-45| 0-0008
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Fig. 15. Result of the fatigue life test of Si-steel

comparing with SUJ—2.

a) Unstressed zone

b) Stressed zone

Photo. 7. Transmission electron micrographs of the
stressed zone of Si-steel fatigued.
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