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Research and Development of 400 km/h High—speed Rail Axle
Steel with High Fatigue Performance

Wang Kaizhong, Hu Fangzhong, Chen Shijie, Yang Zhiqgiang, Zhou Dayuan
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Abstract: Based on the requirements of 400 km/h high-speed railway for high fatigue properties of axles, the mechanism
of ultra-high fatigue performance of axle was analyze, the key to high fatigue performance was the size of fine carbide and
martensite lath. The microstructure parameters such as the width of martensitic lath sheaf , the distribution of precipitated
phases were determined as key control units affecting the yield strength of high-speed railway axle steel. The target micro-
structure of high-speed railway axle steel was designed, and the optimal alloy composition of 400 km/h high-speed railway
axle steel was determined by high-throughput calculation. The developed high-speed rail axle with a speed of 400 km/h
had good strength and toughness matching after quenching at 850-950 “C and high-temperature tempering at 620 °C, with a
tensile strength greater than 880 MPa and an impact energy of 180 J at -40 °C. At the same time, the grain size and car-
bide size of the axle treated by this process are fine, and the grain size is refined to 9. 0 level. Both high cycle and ultra-
high cycle fatigue performance met the standards. After the overall heat treatment of the axle, the ultra-high cycle fatigue
test of the small-sized sample was stable to level 3, and the fatigue limit was 517 MPa at 10° cycles, indicating a high fa-
tigue limit. The overall fatigue performance of the axle was predicted through the sample reduction of the axle, and the pre-
dicted values were in good agreement with the actual values. The axle as a whole passed 107 cycles of fatigue assessment
under a test force of 320 MPa.
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Fig. 1 Sampling schematic diagram: (a) sampling cross sec-

tion , (b) sampling point
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Fig. 2 Smooth fatigue sample diagram
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Table 1 Chemical composition design of axle steel at speed 400 km/h %
822 C Si Mn P S Cr+Ni+Mo+V T.O
DZ400 0.20 ~ 0.30 0.20 ~ 0.30 0.60 ~ 0.90 <0.015 <0.010 2.0~3.0 <0.002 0
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Fig. 3 Performance of test steel at different tempering temperatures :

(a) yield strength and tensile strength , (b) impact at =40 ° C
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Fig. 4 S—N curve of test steel : (a) smooth samples , (b) notched samples
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Fig. 5 Smooth fatigue sample (a) rise and fall chart and (b) S=N curve
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sample :

Morphology of the fracture surface of the fatigue

(a) macrostructure morphology , (b) crack source

area , (¢) expansion area , (d) transient zone
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Fig. 7 Bending fatigue strength test results of axle miniature

shrink specimens : (a) axle miniature shrink specimens , (b)

maximum load—bearing fatigue bending moment law with size

variation
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Fig. 8 Fatigue strength prediction of small-sized miniature

shrink samples full size axle fatigue strength curve
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Fig. 9 Austenite grain size morphology of test steel
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Fig. 10  Transmission electron microscopy analysis of test

steel : (a) lath morphology , (b) morphology of lath and pre-
cipitate , (c) precipitate morphology , (d) energy spectrum of

precipitates
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Table 2 Analysis results of precipitated phase of test steel
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Fig. 11 Precipitation phase particle size statistics
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