EHIRR

)1 ey SRk 7
KAWASAKI STEEL GIHO
Vol. 23(1991) No.2

INEESLPRIZ L 28 ke £ LA ® TR C r sz 8 D BA %
Development of Thermomechanically Controlled-Processed High Carbon Chromium

Steel for Ball Bearing without Annealing

MM #5/A (Nobuhisa Tabata) '8 B =El(Shozaburo Nakano) HJII H¢5L(Yasuhiro
Nakagawa) (LA 2%{5(Yoshiji Yamamoto) —ji [7é(Takayoshi Miura) [ 5
iifi(Eisuke Yamanaka)

= .

R

=]

K C o A ST BR I AE O F F TIEE LA E LV, 2 TEOHROTN, R &0
IS, MLAREZRE S & CTH{L ST 570 ObEX 2 E LM 5 & d, —fi%
(2 700~800°C TR REHIMBVEFF R RS OB N EH X528, BULE o 2, THIA D)
LEESNB D, F2T, MLEVLEE (TMCP) HiFIC Xk 28 bEEX 72 F LEIRIEIC O
TR L7z, ZORE, KEMBKIEL F1Z =T 4 NEREEWINTE A > % A MROBHE
S AR L, #bofed & mEmrEom EICERA K&V, & SICERRMbEEX 7o % LA
R OFEREIC AR TH D Z LN oTc, TOMRAERICEREILEL T LT 25,
JESED F F T OUIBrTRE 22 mEME 2 & SRR R R C r Wz S 5 bz,

Synopsis :

High carbon chromium steels such as JIS SUJ2 for ball bearings have very high
hardness under conventional hot-rolled conditions. Thus, these steels need
soft-annealing treatments before undergoing cold forming such as saw cutting and cold
shearing. However, these heat treatments, which need reheating at 700-800°C for
several hours followed by slow cooling, incur high cost and produce low quality.
Therefore, techniques for producing large diameter steel bars without soft-annealing
process have been studied in the laboratory scale by applying the thermo-mechanical
control process (TMCP). Low-temperature reheating and low-temperature rolling have
accelerated transformation of austenite into pearlite, refined cementite plates and

improved mechanical properties of as-rolled and/or spheroidized steels.
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Synopsis:

High carbon chromium steels such as JIS SUJ2 for hall bearings
have very high hardness under conventional hot-rolled conditions.
Thus, these steels need soft-annealing treatments before undergoing
cold forming such as saw cutting and cold shearing. However,
these heat treatments, which need reheating at 700~800°C for sev-
eral hours followed by slow cooling, incur high cost and produce low
quality. Therefore, techniques for producing large diameter steel
bars without soft-annealing process have been studied in the labora-
tory scale by applying the thermo-mechanical control process
(TMCP). '

Low-temperature reheating and low-temperature rolling have ac-
celerated transformation of austenite into pearlite, refined cementite
plates and improved mechanical properties of as-rolled andfor sphe-

roidized steels.
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Table 1 Chemical composition of steel used  (wt.%)

Grade c Si Mn P 5 Cr

SU2 0.98  0.25 0.40  0.017  0.007 1.34
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Fig. 3 Effects of heating temperature and cooling rate on hard-
ness
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Fig. 4 Effects of starting temperature and cooling rate of slow
cooling on hardness
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Photo 1 Effects of cooling rate and starting temperature of
slow-cooling (see Fig. 1(b)) on microstructures and
cementite networks
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Photo 2 Effects of holding temperature and time after 509, reduction of samples reheated at 1 100°C of y grain recrystalliza-
tion and cementite precipitation (see Fig. 2) (r grain, saturated picral etch; cementite, NaOH-picric acid etch)
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Fig. 5 Effects of deformation temperature on hardness of spe-
cimen cooled by 0.1°C/s after hot-deformation
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Photo 3 Observation of as-rolled microstructure by scanning electron microanalyzer
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Fig. 7 Efects of deformation temperature and holding time on
recrystailization of y grain and precipitaion of proeu-
tectoid cementite
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Photo 4 Observation of spheroidized microstructures of steels
preduced in various rolling conditions
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