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Optimization on ultrasonic roll extrusion processing parameters based on
comprehensive scoring and response surface method

Shi Qingsong, Xu Hongyu, Wang Xiaoqiang, Tian Yingjian, Fu Haoran, Zhang Xu, Lu Yibiao
(College of Mechanical and Electrical Engineering, Henan University of Science and Technology, Luoyang 471003, China)

Abstract: In order to comprehensively improve the surface quality of bearing rings, taking surface roughness, residual stress and micro-
hardness as the evaluation indicators, the orthogonal test of ultrasonic roll extrusion was conducted on 42CrMo steel, and through the range
analysis of various levels of processing parameters, the influence rules of the processing parameters on the evaluation indicators of each
surface performance for 42CrMo steel were obtained. Then, based on the entropy weight theory, the weights of surface roughness, residual
stress and microhardness were determined, and a comprehensive evaluation system of surface performance for bearing was constructed to
obtain the impact of the processing parameters on the comprehensive surface performance and the optimal combination of processing param-
eters. Furthermore, the optimal combination of processing parameters was obtained by response surface optimization, and compared with
the combination of processing parameters after comprehensive weighting optimization, its accuracy was verified by experiments. The results
show that the weights of surface roughness, residual stress and microhardness in the comprehensive surface performance are 0. 525, 0. 334
and 0. 141, respectively, and the influence degree of processing parameters on the comprehensive surface performance is rotation speed>
static pressure> amplitude > feeding speed. The comparative test verification of the two optimization methods shows that the response sur-
face optimization effect is better, and the optimal processing parameters are the rotation speed of 160 r + min™', the feeding speed of
38.8 mm + min~", the amplitude of 21 wm and the static pressure of 539.4 N, and the global optimization for the multi-objective optimi-
zation of processing parameters is realized.

Key words: ultrasonic roll extrusion; surface performance; bearing ring; comprehensive evaluation system; response surface optimization
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Fig. 1 Schematic diagram of machining principle for

ttrasonic rolling extrusion
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Fig. 2 Real picture of test material
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Fig. 4 Test machining process

(a) CNC lathe  (b) Ulirasonic rolling extrusion process
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Fig. 3 Execution equipment for ultrasonic rolling extrusion
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Fig. 5 Equipment of surface performance measurement for part
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(b) X-ray stress measurment instrument
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Table 1 Setting of processing parameters for orthogonal test

Tl v/ PR £/ _

IKE » Lo fRiEA/pm RS F/N
(r+min"") (mm + min”" )

1 160 15 6 200

2 260 25 12 300

3 360 35 18 400

4 460 45 24 500

5 560 55 30 600
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HONT i 7k 2 P % TR OREL RS B ) 5 ) AR BEAR IR . B
SR ) >R IR > SEZ 3B, TS 800l £
BRAX RN T s ma AR BEAR YR Ry . e ) > aE 45 R >
PRI SFH, 0 TS 8000 il 22 P8 b S Bl 32 1Y) 52 il
FREEARUK R . PRIOR > T ) > 25 B STk

FERR 7S TR BT N THT, SIS 3R AR B A,
WRE Rl e | A e 2R, %Eﬁ%ﬁ%
fi%; TAFRm AR B i B, sk 4

x2 EXRBARRER
Table 2 Schemes and results of orthogonal test
. Bk v/ HEER R f/ HRlE A/ #iE S FIAVERE
(r+ min (mm +min™")  pm F/MPa HLRE I/ m TRAFERL 1/ MPa SR/ HY

1 160 15 6 200 0. 408 853 692
2 160 25 12 300 0. 395 958 708
3 160 35 18 400 0. 428 1044 718
4 160 45 24 500 0. 506 1112 725
5 160 55 30 600 0.610 1169 731
6 260 15 12 400 0.429 987 711
7 260 25 18 500 0.471 1070 720
8 260 35 24 600 0. 560 1137 727
9 260 45 30 200 0.622 936 720
10 260 55 6 300 0. 560 1008 693
11 360 15 18 600 0. 545 1075 723
12 360 25 24 200 0. 558 900 717
13 360 35 30 300 0. 602 998 724
14 360 45 6 400 0. 548 1059 696
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X 7 3 v/ TR f/ fiki A/ g R ZERE

7 (r-min™") (mm -+ min™)  pm F/MPa HUBJ/ pm FEAX R 1/ MPa BEERE/HV
15 360 55 12 500 0. 564 1127 710
16 460 15 24 300 0. 557 944 722
17 460 25 30 400 0. 632 1035 728
18 460 35 6 500 0.576 1090 698
19 460 45 12 600 0. 595 1155 713
20 460 55 18 200 0. 602 949 709
21 560 15 30 500 0.671 1050 732
22 560 25 6 600 0. 624 1103 701
23 560 35 12 200 0. 568 919 703
24 560 45 18 300 0. 580 1015 714
25 560 55 24 400 0. 628 1091 722

x3 REAMABERESHTER (pm)

Table 3 Range analysis results of surface roughness ( pum)

K HEAHE f PRI A WES F
1 2.347 2.610 2.716 2.136
2 2.642 2.680 2.551 2.694
3 2.817 2.734 2.626 2.033
4 2.962 2.851 2.809 2.788
5 3.171 2.964 3.137 2.834
2R 0.824 0.354 0.586 0. 801

x4 HRRENNBESHER (MPa)

Table 4 Range analysis results of residual compressive
stress (MPa)

K HEE PEG L f PRIF A WS F
1 5136 4909 5113 4557
2 5138 5066 5146 4923
3 5159 5188 5153 5215
4 5173 5277 5183 5449
5 5177 5343 5188 5639
W% R 41 434 75 1081

x5 EREERESNER (HV)

Table 5 Range analysis results of microhardness (HV)

KV LR L £ P A HiHES F
1 3574 3580 3480 3541

2 3571 3574 3545 3561

3 3570 3570 3584 3575

4 3570 3568 3613 3585

5 3572 3565 3635 3595
W#%R 4 15 155 54

FIAWIEA, AR 2 10 A 2 (R B 8 i i b, B
(i C v I e oy Dyl N ) TN e RS o
KPR, MBS BT, TR 2 20 5%
nhify, BMRIEHIR, BRARIER IR, REEREE
TR S WO T AF A s, IR B2 i
T RIE 2 A A Ry J1 LU TR, R
RERE D s AR WA S R B R, kA
Je 187 7 el B B O 3 25 A k2 N5 T
PRl bR E SR, RS AR, AR
JEdee; ISR TERh I B AR RO, IR
UL, SRR R,

3 mISBRBNLAT

3.1 ZEEMUESEIM

AR SOWHEB P VR B R 1E 28 358 (1) 43 AT I8 T o 4y
M, (R AL PRH T o0 TR, 75 2R 4 52 PR
TR E R B RAE, DI Hbrffb s,
FIABUAME LR AV BA R | B,
TR T AR ZI S B A8 A 1 IX A 1, BB
(SRS B R . BT LA, BIARACRIS T 27 6
TOACESy, B TEAS By i R 1o o i

FR A 7 A P 2% 2 M B TTA 48 s 44 s ) DRI 4 e
A, =L (1) Fimw,

Ay Ay ay,
a a
21 22 2n
A:(aﬁj)nxnz . (1)
anl anZ ann



124 s SN

i 49 %

K a, W § AR j T8 R SR R 0 I
FIWrEE R, i, j=1, 2, -+, n, ﬂaij>0, a,=1; n
NFEbR R, A n=3,

XFPFNHERE A TR AT IH— b B, X
(2) i, 1321 B.

B = <bij)u><n :(

) (2)
R, b, B AR,
FHRE B o R AT, AT IH —fk4b
M, BRKRBEERAER &, Wl (3), KL
(4) Fms.

a;
a;

¢ = zbé/’ (3)

c

i (4)
zci

Ay e, MFNIH— A AL PRI A BT B 35 [ P
ATRAI G w0, HH e, H— AL B JE 15 H 1Y 45
R

H Tl R P 3R 2 1 8 1 IF AN 46 A B 45 AN AR
M, FE T gL B R E B S R B E
S REMBRZME, EHURERR)Z RN I
SEAEHJE IR BR B, 2= AR AR, S fE R R
SR, IR IRAS I FRA N ) Re e ik — b
TR S BB SR T A 0 7 A, DT el L% 57 5
JE 5 SRR FE B 5 RN 2 RN ) B R
WK R ST R, 25 LTI, X3 THREURE B
TR/ %, 3 (5) R, X3R4 HE R g i
A T A T v, W (6) W,
_ maxg,(h) -~ g,(B)
- maxg, (k) — ming (k)

g, (k) = ming, (k)
- maxg, (k) — ming, (k) (6)
b g, (k) RIFM AL 4775 j ¥ T K,
maxg (k) NI j SRR ; mina, (k) A
R4 j 50 b B e/ IMEL

CEAREVERERIATE, X IEAS IR IR 45 R 747
GV, WX (7) R, A TP REL Y B0,
R HREPERE AL,

Y = 21 W (7)

455 WA K 45 38 2 PR RE I AL ) 2w =

(0.525, 0.334, 0.141), 175 50 26 i MRS B2

BRAR IO ) RIS SRR P A 234 VA 1R 2R i AU 9531
0.525, 0.334 F10. 141,

w;, =

(5)

X

Yi

BRI (5) . 2 (6) A4 RBEHERIFHE b7
fl, FFEEARERASI (7) , BRLATES, W
F6 PR, I SAAEA AP T 7 P,

F6 ZETNER

Table 6 Comprehensive score results

FRUEIL IR

Ly
LES KEMEE RAIE s TFE
fra  nche TOTEE

1 0.953 0. 000 0. 000 0.499 11
2 1. 000 0.332 0. 400 0.692 4
3 0. 880 0. 604 0. 650 0.755 1
4 0. 598 0. 820 0. 825 0.704 3
5 0.221 1. 000 0.975 0. 588 7
6 0.877 0. 424 0. 475 0. 669 5
7 0.725 0. 687 0.700 0.709 2
8 0. 402 0. 899 0. 875 0.635 6
9 0.178 0.263 0.700 0.281 25
10 0.402 0.491 0.025 0.378 20
11 0.420 0.703 0.775 0. 565 8
12 0. 409 0. 149 0. 625 0.353 21
13 0.214 0.459 0. 800 0.379 19
14 0.446 0. 652 0. 100 0. 466 12
15 0.388 0. 867 0. 450 0.557 9
16 0.413 0.288 0.750 0.419 16
17 0. 141 0.576 0. 900 0.39%4 17
18 0.344 0.750 0. 150 0.452 13
19 0. 275 0.956 0. 525 0.538 10
20 0.236 0.304 0.425 0.286 24
21 0. 000 0. 623 1. 000 0.350 22
22 0. 170 0.791 0.225 0.385 18
23 0.373 0.209 0.275 0.304 23
24 0.330 0.513 0.550 0.422 15
25 0. 156 0.750 0.750 0. 439 14

GEA ARG W T2 80K Em R, i
Btk 22K, BN TS 800 25 A 2 2 RE 1%
FEFEARUCR . BE > R S > PR IR >4 3 B, 45
AV X — BT S bR L i TS 80004, In T
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1 3.238 2502 2,180 1.723 FH— R R WA ARUR S, BRS04 7
s aem s s 20 PR, 4RI IE AR ) A7 N T B0
XA E B R ZPEREM M ACR , X I EH] Minitab
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AR ST Box-Behnken i8035, FEA o iz 05 4k
4 2.089 2.411 2.550 2.772 g 1 AL N
AT 4k . Box-Behnken i 561530 F . ™~
S tee e e 2 T BB HOR R KT R F, EVFE [ 160,
W% 1.338 0.289 0.752 1.042 560] . LA HIE [15, 55]., #iRiE [6, 30], @k
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Table 8 Design and results for response surface test

s 5 v/ BERHEE £/ PR A/ WEH Fs RIZVERE
- (r-min") (mm - min"") pm N AR L/ pm FRAIEY J1/MPa i ekt i /HV

1 160 15 18 400 0. 404 986 720
2 160 35 6 400 0. 449 1034 696
3 360 35 30 600 0. 681 1143 731
4 360 35 18 400 0. 495 1051 717
5 560 55 18 400 0.613 1088 716
6 360 55 6 400 0. 587 1073 695
7 560 35 18 200 0.592 922 710
8 360 15 6 400 0. 471 984 698
9 360 55 30 400 0. 654 1089 726
10 360 35 18 400 0. 495 1051 717
11 360 15 18 200 0. 485 868 712
12 160 35 30 400 0. 557 1049 728
13 360 15 18 600 0. 555 1075 723
14 160 35 18 200 0. 459 912 711
15 160 55 18 400 0. 479 1076 716
16 360 35 6 600 0. 595 1127 700
17 360 35 18 400 0. 495 1051 717
18 560 35 18 600 0. 630 1142 721
19 560 35 30 400 0. 690 1060 727
20 560 35 6 400 0. 582 1045 696
21 160 35 18 600 0. 496 1130 722
22 360 35 30 200 0. 665 923 720
23 360 35 6 200 0.535 910 689
24 560 15 18 400 0.537 997 719
25 360 15 30 400 0. 620 998 729
26 360 55 18 200 0.593 947 709
27 360 55 18 600 0. 598 1173 720
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Fig. 6 Response surface optimization diagram
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Table 9 Test verification results

2R
il v/ BELR IR f/ B
el (r - min) (mm - min™) IRIE A/ pwm WRIETT F/N MBS BRARIERS WAEER R/
R (H/ pm REE(H/MPa  HV
Wi 1 160 35.0 18 500.0 0. 482 1085 720
et & 2 160 38.8 21 539.4 0. 480 1122 728
1 260 38.8 21 539.4 0.519 1116 723
2 160 25.0 21 539.4 0.474 1080 719
3 160 45.0 21 539.4 0. 496 1127 720
XFHEHIE 4 160 38.8 18 539.4 0.478 1105 716
5 160 38.8 24 539.4 0.513 1112 730
6 160 38.8 21 500.0 0.476 1099 723
7 160 38.8 21 600. 0 0.514 1139 721
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