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Abstract: In order to obtain the optimal range of surface roughness processing parameters for wind turbine bearing materials by the ultra-

sonic rolling extrusion within a given range, for wind turbine bearing materials sample made of 42CrMo steel, the ultrasonic rolling extru-

sion the surface roughness test was conducted, and the surface roughness exponential function prediction model was constructed based on

the test result. Then, the influences of the processing parameters on the surface roughness and the sensitivity were analyzed, the stable

and non-stable regions of processing parameters were determined, and the best ranges of surface roughness processing parameters for ultra-

sonic rolling extrusion 42CrMo steel were selected. The results show that the influence degree of the processing parameters on the surface

roughness is static pressure F_, rotate speed n of workpiece, feeding speed f and amplitude A, and the optimal range of n, f, A and F_ is
500-600 r + min™", 35-45 mm + min~', 15-20 pm and 400-500 N, respectively.

Key words: ultrasonic rolling extrusion; 42CrMo steel; surface roughness; exponential function prediction model; parameter sensitivity ;

processing parameter range
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Fig. I Test device of ultrasonic rolling extrusion strengthening

(a) Ultrasonic generator

(b) Ultrasonic shock device
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Fig. 2 Ultrasonic rolling extrusion process
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Fig. 3 Surface roughness meter
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AR Bl AR S B b LR 22 O 42CeMo 4, R I,
AYIRE e 42CrMo 8, IXFE EAR N @50 mm, K
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630 HV, i{FEY AR MBS E 290 1.6 pum, 42CrMo
WA e 1 poR.

&1 2CrMo SWHKENMS (%, RESH)
Table 1 Chemical compositions of 42CrMo steel

( %, mass fraction)

C Mn Cr Mo Si Ni Fe

0.37 0.77 0.98 0.21 0.15 0. 04 97.44
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Y IE SR IR A R AR 3 /R o
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Table 2 Factors and levels of orthogonal test

K- n/(r+min") f/(mm + min™')  A/pm F/N
1 300 15 5 200
2 400 25 10 300
3 500 35 15 400
4 600 45 20 500

*3 EXRBHER
Table 3 Results of orthogonal test

F% n/(r-min”') f(mm-min') A/um  F/N  Re/pm
1 300 15 5 200 0. 493
2 300 25 10 300 0. 463
3 300 35 15 400 0. 447
4 300 45 20 500 0. 425
5 400 15 10 400 0. 452
6 400 25 5 500 0. 431
7 400 35 20 200 0. 508
8 400 45 15 300 0. 475
9 500 15 15 500 0.412
10 500 25 20 400 0. 446
11 500 35 5 300 0. 475
12 500 45 10 200 0.532
13 600 15 20 300 0.518
14 600 25 15 200 0. 535
15 600 35 10 500 0.471
16 600 45 5 400 0. 493
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Fig. 4 Sensitivity curve of surface roughness to n
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Fig. 5 Sensitivity curve of surface roughness to f
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Fig. 7 Sensitivity curve of surface roughness to F'_
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Table 5 Stable regions and non-stable regions of 42CrMo
steel surface roughness processing parameters by

ultrasonic rolling extrusion

ImLZ4 Fa e IR Bk
T A5 n/(r + min ") [500, 600] [300, 500]
PR 7 (mm - min”') - [35, 45] [15, 35]
PR A/ wm [15, 20] [5, 15]
#ES F /N [400, 500] [200, 400]




514

fE MESE: BRI e XA R bR TR BE i T 2 B U M 52 103

3 MERHE 42CMo 41 T4 # X |4
ik
R (2) FTHLES FE Hs BOR BB R, sk
Hon, fo A, FR—KFFHTHE, TS5

N TSR 2 SR A A 3 PA) 2 TR 2 1) 2 £
oL, anigl 8~& 11 frw

0.49

=3
>
o

e

S

=)}
1

TR B /pm
3

0.45

0.44 T T T T T T
300 350 400 450 500 550 600 650
TA4 %580/ (r-min)

B8 n X R IHHLBE BE R 2 1)

Fig. 8 Influence of n on surface roughness
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Fig. 10  Influence of A on surface roughness
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Tab. 6 Optimal ranges of surface roughness processing parameters for 42CrMo steel material
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