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Production of High Carbon Chromium Bearing Steel by '
Vertical Type Continuous Caster
Toshikazu Ugsuct
Synopsis :

Rolling contact fatigue life of bearing steel is improved with a decrease in oxide nonmetallic inclusions.
The oxygen content of high carbon chromium bearing steel has been reduced to an average level of 5.8
ppm. This is accomplished through the combined processes of an electric arc furnace, a ladle furnace, an
R-H vacuum degassing vessel and a continuous caster.

Rolling contact fatigue life of high carbon chromium bearing steel thus manufactured and tested on
the thrust type machine has accordingly doubled to tripled if compared with the conventional vacuum de-

gassed, ingot cast steel.

From an operational standpoint, the supply of extremely low oxygen steel to the caster has resulted in the
elimination of such troubles as nozzle clogging and has been the main contributor to a record 10 000 tons
of continuous cast high carbon chromium bearing steel from one tundish without interruptions.

It has been demonstrated in the life tests that neither sulphur nor titanium influenced life when the lev-
els of these elements were held down to a minimum in the high carbon chromium bearing steel. Life is
further extended by the cold working inherent to cold pilgered tubes. The improvement in life has been
found out in the tests to double to triple that of hot worked hollow tubes.
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Table 1. Major particulars of EF, LF and RH.

Shell diameter 7.0m

Transformer capacity 70 MVA

Max. secondary current 70 kA
EF Max. secondary volt. 900 V

Rated secondary volt. 585V

Electrode diameter 24 inches (610 mm)
Av.tapto tap time 75 min

Charged weight 150 t

Transformer capacity 12MVA
Max. secondary current 31.5kA
LF Max. secondary volt. 325V
Rated secondary volt. 220V
Electrode diameter 14 inches (356 mm)
Operation time 30-60 min

Steam ejector
400 kg/h at 0.5 torr
20-60 min

Type of vacuum pump
RH | Capacity of vacuum pump
Operation time

EF: Electric furnace, LF: Ladle furnace, RH: RH-degassing

Table 2. Chemical composition of ladle bricks.
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Slag line 77.6 — — 0.4 15.0
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Table 3. Chemical composition of LF slag in %.
(wt%)
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Table 4. Major particulars of continuous

caster.
Type of machine Vertical bloom caster
Number of strands 3
Bloom size 370 %X 470 mm
Max. withdrawal speed 0. 65 m/min

Ar or N2

j‘Q}wcter cooled

frame

Fig. 3. Schematic drawing of tundish.
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Q :Inert gas volume introduced into the tundish, Nm3/min.
X : Air volume leaked into the tundish, Nm3/min.

Fig. 4. Change in 9,0, in tundish
atomosphere calcutated.
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Fig. 5. Change in %0, in tundish atomosphere
in actual operation.
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Table 5. Casting practice of SUJ 2.

Withdrawal speed

Specific cooling water ratio

0. 35-0, 60 m/ min
0.1 1/kg of steel

less than £ 3 mm

Change of level in mould

Table 6. Conditions for 10000t continuous cast.

(with one tundish)

Date June 23 to 27,1985
Total casting time 94,.45h

Number of heats cast 68

Tonnage of blooms 10 150 (t)

Yield of blooms (Blooms/melt) 99,6 (%)
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Table 7. Chemical composition ot SUJ 2 tested.

(wt%)
heat C Si Mn P S Ni Cr Mo Cu Ti sol. Al (o] Remarks
A 0,97 0.21 0. 40 0.011 0.011 0.04 1.41 0.01 0. 07 0. 0041 0.014 0. 0004 Fig.8
B 0.98 0. 27 0.36 0.015 0. 009 0.05 1.39 0.01 0.06 0. 0035 0.017 0. 0004 ”
C 0. 99 0.19 0.38 0.017 0. 007 0.07 1. 44 0.01 0. 05 0. 0038 0.015 0, 0004 ”
D 0. 99 0.23 0.42 0.014 0.013 0.06 1. 40 0.01 0.03 0. 0045 0. 022 0, 0005 ”
E 1.00 0.29 0. 40 0.012 0, 004 0.06 1. 44 0.01 0,08 0, 0033 0, 020 0, 0005 ”
F 0.98 0. 29 0. 45 0.019 0.015 0. 04 1. 46 0.02 0.09 0. 0025 0.015 0. 0008 Fig.9
G 0.97 0. 30 0.42 0,012 0.010 0.04 1.43 0.01 0.05 0. 0030 Q. 022 0.0011 ”
H 0. 98 0. 22 0.35 0. 007 0, 001 0. 04 1. 42 0.01 0,02 0. 0010 0.011 0. 0007 Fig. 8
1 0.99 0.19 0.34 0.015 0, 003 0.04 1. 34 0.01 0,04 0.0014 0.015 0. 0003 "

— 66 —



EHAERSFERIC L 2 MZMoRE 1635
) BT 5. 50
2) DRAEY S ol X=58 X=8.3
a) fRE 0.5 LI LD BRI AT L EHK + 25 >
¥5. g 3 A @)
. g /\o o’
b) R 0.5 DRI EHA v+ 1, HZH 1 OFE% £ CﬁzO P
=3 n-
AV 2, RE L5 OBFEHEA v} 3. g / EK b f.c.
£ ok ¢ \ n-88
&?Z}- ) . 2 10 f pl Y \\ n
¢) THBLOHRAY P REFL, AFHREEE (in? R - S = S *
BAL) TR 5. ()} 5 10 15

COFEX BHED ASTM-A gDk X b L ElE
DEFRTEE LTV Evbh T 5.

3-1-4 HHHARK
FHWABITIL R 7 2 + BEEL D 5% RBREED % AL
fo. CORBRBIC X 2 HHIEEWMT O LN L ERNIC
I—ETBLbhTW3Y, REBEHEIKRD S E S

Th5.

ABREE (Pmayx) : 500 kgf/mm?

L DR LUER : 1800 c.p.m.

W 860 2 v KA

3:-1:5 AlLEE S LHHRBRA
FOMEEUHEGRBRL © Ry Fig 6 w5
3.
3:1-6 X WMEBOFKR
%Eﬁ%t@u<#@&ﬁ%ﬂﬁ@*bﬁm5@ﬁg
THREL, Fig. 10 @R LAk L 58 [ ~VEEOME
PEIRBCE LD TERLE.
317 AMEETOEGRR

SHELEES LU0% 0REOERFRBRIL, MEs 650
°C TEREMITL, #WEDOHNEHTF .
3-2 Rk

3-2.1 BmER

eSS X 5 SUJ2 g (CC ) EtRkEooE

enter of steel bar

Specimen

Fig. 6. Running track of rolling contact
fatigue life test specimen.

Oxygen content (ppm)

Fig. 7. Oxygen distribution of SU]J 2.
(n : number of heats)

Table 8. Nonmetallic inclusions rated to “SAM”
method.

Process

Ccc* IC*
Inclusion
TypeB 0 0.4
TypeD 0 0.8

* Continuous cast, No. of heats: 66
** Ingot cast, No. of heats: 90
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Fig. 8. Effect of oxygen content on rolling
contact fatigue life of SUJ 2.

37

Photo. 1. Microstructure of center segregation in
continuous cast SUJ 2.
(65¢, life test specimen)
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* Position of bloom or ingot.
C.C. : continuous cast (heat F)
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Fig. 9. Weibull distribution of rolling contact
fatigue life test (longitudinal section).
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) Fig. 10. Relationship between flaking site
Life on the test piece and fatigue life.
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