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Effect of Cold Working and High Temperature Treatment of High
Carbon Chromium Bearing Steel on Its Rolling Contact F atigue Life

Kazuichi TsuBOTA, Kimio OHNISHI, Takashi SAKAJO, and Akiyoshi ISHIHARA

Synopsis :

High—carbon chromium bearing steel tubes rolled in the cold pilger mill were tested in the thrust type
rolling contact fatigue testing machine. Their fatigue lives were evaluated as influenced by cold rolling
and also by spheroidization at high temperature heat treatment of sulfides elongated during cold rolling.
Life of cold rolled tubes with a regular 70%, of reduction in area extended more than three times as long as
that of hollows and the same cold rolled ones endured over six times more than hollows when heat treated
as high temperatures subsequent to cold rolling. It was revealed that nonmetallic inclusions finely dis-
persed by cold rolling and sulfides spheroidized by high temperature treatment as well contributed to a
remarkable improvement in fatigue life of high—carbon chromium bearing steel.

1

COHOBDBMZEOFHR (L EREE CORIEH hiE
LE) DdEIRD EBZ oSSR EL, Fhafd
AT 2BBOMEfT £ U <1282 B ko SRR Sk
FREE 5. R LEZOEMOFE FCEL TI1Te <
DRFRDTHNT X, FRCERERCE LTI Emo B
A AT B X B ERP OB LY RNEH OB 1 B
BERRBEEDREL 0TI EAHLIAC T H T W
BV, L0 BRSO RO BT B I
TEH R BEORAC K E B ELYRIET L2 E
BRLTW5.

—JiRF COFRSBAEDOENR U THHOTHLER
DRI 7 B U C s AUl 4 O MR T o
SWRFTHB. Lich>THRIC X 5 s 4
FORSHBELSRL 700, ERIESEBNED OBAIE
BHEGOHEEEY L TIETTCHS.

AT/ - BN (86206 7o &) o> AR BN N
ToREREEXFEHE LA L7 — EERED 12 &
LHEERE» DR IR L 2 2%\, 2D X 57
#WE TG BN D ORE B IIAHEL ORI CF
b87, BEEEC X OTHRICR 5 EE2 bhb
FSBNED DR RA D OBRIC X 5
BORIE & BRAL RN TEW DIEE— D B A (i &2 D B 3
EZRITTTHAHS.

[l

2 TR A C Ay —FEC & S BANE
YWOWRERC X 2F/~OEELRE L. 4, A
FAMHRZ AN FERRBES (LITAS 2 r BRI,
ToORBR* A5 2 ' RABR) CisB5aRBRHAOR S
2 P REEER O B X O CERIFEE TE < e
TeBRALHRNFED D E LSRRI T 5 2 LB L7
THBCRETZOHRCOVTHRHEL 7.

I BFIEHRNED S ERMBC O TEHRRIET 2 &
WHZERDWTOHREY XA LR DA, A2 FHey

oL R RETEE X5 THD.
2. HEMBIUERAZE
2.1 f#EH

AERCIIERM &L LT 60t BELKFECHERL By =
WA {707 SUJ 2 ZHV . ZO(k¥E 5% Table
1 R+

FEBRTIBERERLSAFEDR b e — &5#E
EL, BILHRNED LTILORNEDORE L, LR
FEIER X 52 h S OBRBEILOFRC RIFTEE O
THHAEL .

2-2 ZABDEhERAE

AERTIIAT A FRBEC I oTZ A8 ) FhRE
w1 ot. BBR&EMEZUTORT. K2 oRBECE
L AHEBIEREZT O EEHMIC I —FKTH L
Y 5% @ AP N

FEAD 55 4 10 AASERASICTRE WM 58 £9 5 6 B (Received scp- 6, 1983)
* LB R Bk BUSR (BK) B i BT %P (Technical Research Laboratories, Sanyo Special Steel Co., Ltd., 3007

Aza-Ichimonji Nakashima Shikama-ku 672)

*2 LG4 2k 88 (Bk) (Sanyo Special Steel Co., Ltd.)

— 88 —



W ORI FIE TR M EE & SR NAAEOEE 855
Table 1. Chemical composition of high carbon chromium bearing steels tested (wt%;).
heat c Si Mn P s Ni Cu Mo Cu 0
A 0.98 0.23 0.29 0.011 0.013 0.05 1.31 0.02 0.06 0.0014
B 0.98 0.23 0.29 0.010 0.014 0.04 1.32 0.01 0.07 0,0014
C 1.02 0.22 0.28 0.007 0.012 0.03 1.32 0.01 0.06 0.0012
D 0. 99 0.31 0.47 0.013 0.013 0.04 1.41 0.02 0.07 0.0010
E 0.98 0.25 0.37 0.016 0. 002 0.03 1.39 0.01 0.02 0. 0008
F 0.98 0.31 0.46 0.017 0. 009 0.05 1. 40 0.02 0.06 0. 0006
G 1.00 0. 27 0.41 0.012 0.013 0.04 1.33 0.02 0.05 0. 0006
o R~ FEMIES (Pmax)  : 500 kgf/mm? wERL Lic.
o I VIR L E :1800c.p.m. PRELERE BRI b S — -
e o mEL |
o VI THE60 R ¥ R A LB Ay — FEE—
o W iR E : 30~31°C — )k —650°C SEF T (60 mm x 60 mm x 5 mm) —
o B £t T (Hmax) 1 ~0.35 pm ——650°C x 60" 22— —— >830°C x 20" 1B AR
o VLTI HIEE < 5 £ — & : # 0.7 1 150°C x 30" 72— ’
(TaLLIAN®. CHENGL® DORFC L ) ERIRIEBE s L—

o AT A MRBHA X : HRC 6263
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Fig. 1.

Schematic view of cold pilger rolling.
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A : Cold rolling reduction of ‘érea=0% (hollow)

B : Cold rolling reduction of area=70% (Heat A flattened at 650°C)

Photo, 1.

Microstructure of sulfide in high-carbon chromium bearing steel tubes.

Before cold rolling

Cold rolled

B
A 30 min. 60 min,

30 min. 60 min.

1000°C

1100°C

1150°C|:

s T0umt

A : heating temperature, B : holding time, C : cold pilger rolling.

Photo. 2.
subsequent to 709, reduction  of area.

Change of sulfide inclusion shape in heat A by high temperature treatment
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Photo. 3. Microstructure of sulfide enveloping
oxides in high-carbon chromium bearing steel.
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Table 2. Retained austenite, carbide size and carbide area of rolling contact fatigue testing
specimens used to investigate the effect of heating temperature on life.

(13 650°C 1150°C
[2] Before cold rolling Cold rolled Before cold rolling Cold rolled
[4] [3]]| ' % CSpym CA % =R % C.S.pm C.A. % ™R % CSSpym CA % ©n % C.S.pym C.A. %
A 8 0.43 8.6 7 0.41 8.3 8 0. 42 8.5 7 0.43 8.3
B 7 0.43 8.4 9 0. 42 8.4 8 0. 42 8.4 10 0.44 8.3
C 8 0.41 8.7 8 0. 44 8.5 7 0.43 8.6 9 0. 43 8.5
D 8 0. 42 8.5 9 0.43 8.4 7 0. 44 8.3 8 0. 44 8.4
E 7 0.44 8.4 8 0. 43 8.4 10 0.43 83 7 0. 42 8.5
F 10 0.43 8.4 7 0. 42 8.3 8 0. 44 8.5 8 0. 42 8.5
G 8 0. 45 8.8 10 0.44 8.8 8 0.43 8.7 9 0.44 8.6

[1] : Heating temperature for flattening of tubes.
[2]: Condmon of tubes.

[3]:7r : retained austenite, C.S.: carbide size (Mean value of carbide segments intercepted by linear analysis), C. A. : carbide area.

[4]: Heat No.

1% AII-

>

- © n Heating | Before
A : Temp. | c.r. | C:R
650°C A A
OE 4 lwsoec| O [ m
S0’
3 L
o
_"_' -
© Lo Life of high-carbon
chromium bearing steels
106}— on T section
1 Il l L i 1 1 ' 1 L 1 1
10 20 30

Oxygen content (ppm)

C.R. : cold rolling.
Heating temperature : Heating Temperature for flattening of tube.

Fig. 2. Effect of oxygen content on rolling contact
life of high-carbon chromium bearing steels.

Table 3. Change in life of cold pilger rolled
high carbon chromium bearing steels tubes*.

heated at 650°C heated at 1150°C

Oxygen

heat C(Om;n)t Before cold Cold Before cold Cold
23 rolling rolled rolling rolled

A 14 1 4.0 1.4 8.8
B 14 1 1.7 0.9 >3.6
C 12 1 6.9 1.2 9.0
D 10 1 4.0 2.1 13.6
E 8 1 >4.8 1.3 >4.8
F 6 1 1.5 1.1 >1.7
G 6 1 1.5 1.1 2.1
mean — 1 >3.5 1.3 >6.2

* Life of tube material before cold rolling was estimated as 1.
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Table 4. Retained austenite, carbide size and
carbide area of rolling contact fatigue test spec—
imens used to investigate the effect of reduc-
tion of area on life.

Retained
austenite (%)

Carbide size Carbide area

(pm)*? (%)
Reduction (%) Reduction (%) Reduction (%)
°C) 0 20 40 70 0 70 0 70

Heating
heat tempera-
ture*!

A 1150 9 &8 8 7 0.4 0. 44 0. 44 0. 42
A 650 8 8 9 7 043 0. 44 0. 42 0. 45
G 1150 10 8 7 9 0.4 0.43 0,43 0. 44
G 650 8 7 8 8 042 0.43 0. 44 0.43

*1. Heating temperature for flattening of steel tubes.
*3: Mean carbide size of a segment of a line on carbide at
linear analysis.

100

80

60

A
ety

Lio life (x 10° cycles)

0 20 40 60 80
Reduction of area (%)

: heat G : spheroidization of sulfide at 1 150°Cx30’.
: heat A : ” ”

: heat G : sulfides not spheroidized.

: heat A : 4

Fig. 3. Effect of reduction of area in cold rolling
on rolling contact life of high-carbon chromium
bearing steels.
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Fig. 4. Effect of reduction of area on percentage
of spheroidized sulfides in heat A heated at 1150
°C for 30 min. followed by air cooling.
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