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Study on mechanical properties and parameter optimization for
42CrMo steel ultrasonic rolling extrusion

Shi Qingsong, Xu Hongyu, Wang Xiaoqiang, Li Zhao, Wang Paigang
(College of Mechanical and Electrical Engineering, Henan University of Science and Technology, Luoyang 471003, China)

Abstract: In order to improve the mechanical properties of 42CrMo steel bearing rings, based on the kinematic analysis of rolling extru-
sion head during ultrasonic rolling extrusion process and the improved J-C constitutive model, a finite element numerical simulation of the
ultrasonic rolling extrusion process for 42CrMo steel bearing rings under different parameters was carried out, the response surface predic-
tion model and interactive response surface diagram were established, and the influence laws of different parameters on the mechanical
properties were studied. The results show that the residual compressive stress increases first and then decreases with the inereasing of rota-
tional speed and feeding speed, which is proportional to the amplitude and static pressure. The hardness is proportional to the amplitude
and static pressure, and inversely proportional to the feeding speed. With the increasing of rotational speed, the hardness increases first
and then decreases. Furthermore, the simulation prediction model was optimized by adaptive simulated annealing ( ASA) algorithm. The
obtained solution set of optimal processing parameters is the rotational speed of 290-360 r + min~", the feeding speed of 18-24 mm « min™",
the amplitude of 19-22 pm, the static pressure of 580-650 N, and the obtained solution set of optimal mechanical property parameters is
the residual compressive stress of 1002-1033 MPa and the hardness of 773-793 HV. Finally, the accuracy of the simulation model and
optimization results is proved by experiment.
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Fig. 1 Principle diagram of ultrasonic rolling extrusion processing
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&1 42CrMo WK 1ZEMHEEE
Table 1 Mechanical properties of 42CrMo steel

1 v JE s FRMERE pohia REREE/
Y S N7 i -

(kg - m™) E/MPa /GPa J&/MPa HV
it 7850 0.28 930 212 1080 630

&2 Q2CrMo SWHHFENS (%, RESH)
Table 2 Chemical compositions of 42CrMo steel

( %, mass fraction)

P Cu C Mn Cr Mo Si Ni Fe

0.03 0.03 0.37 0.77 0.98 0.21 0.15 0.04 97.4
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Table 3 Parameters of improved J-C model for 42CrMo steel

ZH M/MPa  N/MPa P a m T,./K T./K

HE 1059 528 0. 008 0.21 1 1668 20
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Fig. 2 Finite element simulation model
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Fig. 3 Distribution diagram of residual stress along layer depth
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Fig. 4 Distribution diagram of equivalent plastic strain along layer depth
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Table 4 Design of processing parameters for orthogonal

simulation experiment

o e BERTE L o/ WRiFA/  #ES
wr (r+min™") (mm + min™") pm F/N
1 250 13 6 250
2 350 24 10 350
3 450 35 14 450
4 550 46 18 550
5 650 57 22 650
x5 EXHEIHRER

Table 5 Results of orthogonal simulation experiment

e Fedns  BEEREEL o/ PRIE A/ WRIEDT FRATEN BERE/

(r-min”") (mm - min™') pm F/N  Ji/MPa HV
1 250 13 6 250 998 748
2 250 24 10 350 999 759
3 250 35 14 450 1044 766
4 250 46 18 550 1046 767
5 250 57 22 650 1036 762
6 350 13 10 450 996 761
7 350 24 14 550 1035 776
8 350 35 18 650 1049 786
9 350 46 22 250 1162 773
10 350 57 6 350 1219 761
11 450 13 14 650 985 798
12 450 24 18 250 1109 777
13 450 35 22 350 1150 776
14 450 46 6 450 1209 769
15 450 57 10 550 1218 792
16 550 13 18 350 1044 783
17 550 24 22 450 1098 791
18 550 35 6 550 1159 788
19 550 46 10 650 1180 799
20 550 57 14 250 1296 772
21 650 13 22 550 994 797
22 650 24 6 650 1067 798
23 650 35 10 250 1200 763
24 650 46 14 350 1249 784
25 650 57 18 450 1286 795
2 BERIENFUHREE A
2.1 ZHMiimi i EEREES 550

M . f#H AT 7% ( Response Surface Methodology ,
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Fig. 5 Effects of processing parameters on residual stress

(a) Rotational speed
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Fig. 6  Effects of processing parameters on hardness

(a) Rotational speed
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Fig. 10 Pareto frontier diagrams after ASA algorithm iteration
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Table 6 Solution set for optimal parameter
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Table 7 Comparison of mechanical properties between simulated and optimized results
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Fig. 11 Processing equipment and process for ultrasonic rolling extrusion

(a) Ultrasonic generator
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Table 8 Comparison of mechanical properties between

simulation and experimental results

(b) Rolling extrusion execution equipment

FRAX R 1/ MPa i/ HV
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6 996 948 -5.1 761 736 -3.4
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21 994 1015 2.1 797 753 -5.8
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