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Tab.1 Chemical composition of G20CrNi2MoA bearing steel %

1.1

C Cr Ni Si Mn Fe
=N
0.22 0.54 1.77 0.35 0.64 A
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Fig. 1 Process of hot ring rolling and carburizing heat treatment
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Tab.2 Process parameters of hot ring rolling and carburizing heat treatment

B

Carburizing heat treatment

Hot ring blank+carburizing once quenching and tempering +secondary quenching and tempering

Hot rolled ring+carburizing once quenching and tempering +secondary quenching and tempering

P FRERAHB R — YO ] K+ IR P (810 °C/1 hy+HEE AL FE (=90 °C/6 h)+[A] K (190 °C/4 h)

Hot ring blank-+carburizing once quenching and tempering +secondary quenching (810 °C/1 h)+deep

PELIBRAFHB T — U ] K+ R (810 °C/1 h)+HEE LT (=90 °C/6 h)+11] 4 (190 °C/4 h)

Hot rolled ring+carburizing once quenching and tempering +secondary quenching (810 °C/1 h)+deep

P TR IR B T — U R [R] K+ P (810 °C/1 h)+IRS AL I (=196 °C/6 h)+[1l k(190 °C/4 h)

Hot ring blank-+carburizing once quenching and tempering+secondary quenching (810 °C/1 h)+deep

LB B IR — UV ] K+ R PR K (810 °C/1 h) IR A3 (=196 °C/6 h)+[H] (190 °C/4 h)

R R JEL i
Specimens Ring rolling recdution/%
HR-0 0 PELIAR Hot ring blank
HR-45 45 PELIBAE Hot rolled ring
LR ERAHIB B — U [P K+ R [l
RQT-0 0 AELIRIRAB R — UV ] K+ R
7 BB — YRR ] K+ R ]
RQT-AS 45 AL AT+IB 0 — VR ] K+ PRI K
QDCT90-0 0
cryogenic treatment (=90 °C/6 h)+tempering (190 °C/4 h)
QDCT90-45 45
cryogenic treatment (-90 °C/6 h)+tempering (190 °C/4 h)
QDCT196-0 0
cryogenic treatment (-196 °C/6 h)-+tempering (190 °C/4 h)
QDCT196-45 45

Hot rolled ring+carburizing once quenching and tempering +secondary quenching (810 °C/1 h)+deep

cryogenic treatment (-196 °C/6 h)+tempering (190 °C/4 h)
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Fig.2 Tensile specimen dimensions
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Fig. 8 SEM microstructure morphology of the specimens at different
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Microstructure evolution during the ring rolling and heat treatment and high-
performance manufacturing of high-speed railway bearings

HUA Lin">* ZHOU Guanghua" >’
(1. State Key Laboratory of Super Alloys and Application Technology, Wuhan 430070, China)
(2. Hubei Key Laboratory of Advanced Technology for Automotive Components, Wuhan 430070, China)
(3. School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract: In order to study the evolution laws of microstructure and properties during the hot ring rolling, carburizing
heat treatment, and deep cryogenic treatment of high-speed railway bearings, the quantitative relationships among the forming
manufacturing conditions, microstructure states, and mechanical properties of high-speed railway bearings were established.
The optimal process conditions for high-performance forming manufacturing of high-speed railway bearings were determined.
The electron back-scatter diffraction (EBSD), scanning electron microscope (SEM), X-ray diffraction (XRD) microstructural
testing technologies and tensile, friction and wear, rolling contact fatigue performance testing technologies were used to reveal
the evolution laws of the microstructure and mechanical properties of high-speed railway bearing rings during the forming and
manufacturing process, and a forming and manufacturing process method for high-performance high-speed railway bearing
rings was proposed. The research shows that ring rolling can refine grains, promote the refinement of carbides and increase the
dislocation density after carburizing once quenching and tempering, reduce the grain size and carbides, and improve the
volume fraction of carbides after secondary quenching and tempering. The deep cryogenic treatment process promotes the
decomposition of retained austenite and the precipitation of carbides, reduces the content of retained austenite, enhances the
stability of retained austenite, decreases the average size of carbides, and increases the volume fraction of carbides. The wear
resistance of high-speed railway bearings is improved by 82.7%, and the contact fatigue performance is improved by 322.1%
by applying the optimal hot ring rolling and carburizing heat treatment processes. The research can provide a scientific basis
and technical method for the high-performance forming manufacturing of high-speed railway bearings.

Key words: High-speed railway bearing rings; Rolling and carburizing heat treatment; Secondary quenching; Deep
cryogenic treatment; Microstructure and property evolution; High-performance manufacturing
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