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Analysis and optimization of process parameters on carburizing and

quenching of new—generation aviation high—strength steel spiral bevel gears

LIU Liyang', WANG Guangchao®,ZHANG Fa',ZHOU Changjiang'’

(1. National Engineering Research Center for High Efficiency Grinding , Hunan University, Changsha 410082, China;
2. AECC Zhongchuan Transmission Machinery Co. , Ltd. , Changsha 410200, China)

Abstract: Addressing the challenges of microstructural evolution and distortion control during the carburizing
and quenching of next—generation aviation high—strength steel spiral bevel gears, this study combines numerical
simulation with response surface testing analysis methodology to investigate the microstructural and property
evolution of 15Cr14Co12Mo5Ni aviation high—strength steel gears. Using tooth surface hardness and distortion as
response indicators, process parameters were optimized to provide a theoretical basis and technical guidance for the

precision heat treatment of this material in aviation gear applications. The results indicate that after carburizing, the
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surface carbon concentrations at the tooth tip, tooth flank, and tooth root are 1.93 %, 1.795 %, and 1.69 %, with
corresponding effective case depths of 2.011, 1.373 and 1.065 mm, respectively. The post—quenching
microstructure is primarily martensitic, with the maximum retained austenite volume fraction at the tooth surface
reaching 93.2 %, which decreases to 8.26 % after tempering. The tooth surface hardness reaches 63.87 HRC, and
the core hardness is 49.09 HRC.The error between the simulated results and the experimental results of case depth
and hardness is less than 5%.The gear exhibits overall expansion deformation, with maximum distortion of 359.4 wm
and tooth flank distortion of 152.5 pwm. Carburizing temperature has the most significant impact on hardness, while
carburizing time is the dominant factor influencing distortion. The optimized process parameters are as follows:
carburizing temperature of 995 °C and time of 16 h, and quenching medium temperature of 72 °C. The predicted
tooth surface hardness and distortion are 64.036 HRC and 168.5 pm, respectively. Experimental verification was

conducted on these process parameters, and the model prediction accuracy exceeded 90%.

Key words: aviation high—strength steel ; spiral bevel gear;carburizing; quenching; parameter optimization
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Tab.1 Composition analysis of 15Cr14Co12Mo5Ni %
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Fig.2 Heat treatment process of spiral bevel gear
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Fig.3 Curve of heat transfer coefficient of quenching oil
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Fig.6 Simulation results of carbon content in spiral bevel gears
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Fig.9 Simulation results of deformation of spiral bevel gear
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Tab.2 Comparison of simulation and test results
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Tab.3 Experimental scheme and simulation results
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Tab.5 Analysis of variance of deformation
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Fig.10 The influence of the interaction of different process parameters on the tooth surface hardness
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Fig.11 The influence of the interaction of different process parameters on the tooth surface deformation
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Tab.6 Optimization criteria and expected response settings

EA H#z TR R W EE
T, T N 960 °C 1000 °C 1 3
! SRl 14h 16 h 1 3
T, L E N 60 °C 100 °C 1 3
H Bkik  62.956 HRC  64.208 HRC 1 3
D B/ME 1685 um 186.5 pm 1 3

x7 BESKBERTLE
Tab.7 Comparison of predicted values with
experimental values
A TR W IR i
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