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Optimization on machining parameters for ultrasonic rolling extrusion
bearing rings based on interaction

Fu Haoran, Xu Hongyu, Wang Xiaoqgiang, Tian Yingjian

(College of Mechanical and Electrical Engineering, Henan University of Science and Technology, Luoyang 471003, China)

Abstract: For 42CrMo steel, the orthogonal experiments of ultrasonic rolling extrusion were conducted to achieve the optimal control of
machining parameters, and the significance of machining parameters on surface performance was analyzed using affiliation function evalua-
tion relationship between machining parameters and surface performance established by the entropy weight theory. Then, according to the
principle of maximum affiliation degree of interaction, the interaction among machining parameters was analyzed to obtain the optimal com-
bination of machining parameters, and the results were verified by establishing an exponential regression model. The results show that the
degree of influence for machining parameters on surface performance is as follows: feed speed>static pressure>amplitude>rotational speed.
The interaction between feed speed and static pressure has the greatest influence, followed by feed speed and amplitude, amplitude and
static pressure, and the influence of rotational speed and feed speed, amplitude and static pressure is the smallest. The optimal machining
parameters are the rotation speed of 550 r + min™", the feed speed of 55 mm + min™" | the amplitude of 5 wm and the static pressure of 480
N, and the comparison verification errors are controlled below 5% , which realizes the global optimization of surface performance.
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Fig. I Machining schematic diagram of ultrasonic rolling extrusion
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Table 1 Main mechanical properties of 42CrMo steel material
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Fig. 2 Ultrasonic rolling extrusion machining process
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Fig. 3 Ultrasonic machining actuator
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Table 2 Process parameter setting of orthogonal test

e $ ¥ n/ . iﬁéﬁiﬁﬁf: P A/ WIS RN
(r+min"") (mm - min"") pm
1 250 15 5 180
2 350 25 10 280
3 450 35 15 380
4 550 45 20 480
5 650 55 25 580
2 GAEMEREET
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Table 3 Results of orthogonal test

B W RIS B W T e o L
£ (remin™") (mm-min') A/pm F/N Ra Mo/ 1
MPa HV
1 250 15 5 180 0.487 831 685
2 250 25 10 280 0.465 932 700
3 250 35 15 380 0.462 1029 711
4 250 45 20 480 0.479 1102 720
5 250 55 25 580 0.514 1189 726
6 350 15 10 380 0.456 989 706
7 350 25 15 480 0.485 1057 717
8 350 35 20 580 0.534 1121 726
9 350 45 25 180 0.519 890 718
10 350 55 5 280 0.304 1049 689
11 450 15 15 580 0.531 1070 722
12 450 25 20 180 0.516 870 715
13 450 35 25 280 0.494 967 722
14 450 45 5 380 0.301 1067 693
15 450 55 10 480 0.314 1137 707
16 550 15 20 280 0.480 962 718
17 550 25 25 380 0.490 1030 724
18 550 35 5 480 0.315 1069 696
19 550 45 10 580 0.368 1120 709
20 550 55 15 180 0.402 948 707
21 650 15 25 480 0.509 1067 726
22 650 25 5 580 0.339 1056 697
23 650 35 10 180 0.372 895 696
24 650 45 15 280 0.375 1000 707
25 650 55 20 380 0.397 1066 710
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Table 4 Surface performance entropy values

TR RIS BRARTE N ) (0}

H, 0. 8954 0.9575 0. 9548
o, 0.5349 0.2211 0.2350
T 0.2850 0. 3900 0. 3250
W, 0. 4880 0.2715 0. 2405
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Table 5 Affiliation degree of test results

RgE RmEEr REE-,  R®EE, S4REE
1 0.2017 0. 0000 0. 0000 0. 0984
2 0.2961 0.2821 0. 3659 0. 3091
3 0. 3090 0. 5531 0. 6341 0.4535
4 0.2361 0.7570 0. 8537 0. 5261
5 0. 0858 1. 0000 1. 0000 0. 5539
6 0.3348 0.4413 0.5122 0. 4064
7 0.2103 0.6313 0. 7805 0. 4617
8 0. 0000 0. 8101 1. 0000 0. 4604
0. 0644 0. 1648 0. 8049 0.2697
10 0. 9871 0. 6089 0. 0976 0. 6705
11 0.0129 0. 6676 0.9024 0. 4046
12 0.0773 0. 1089 0.7317 0.2433
13 0.1717 0.3799 0. 9024 0. 4040
14 1. 0000 0. 6592 0. 1951 0.7139
15 0. 9442 0. 8547 0. 5366 0. 8219
16 0.2318 0. 3659 0. 8049 0. 4060
17 0. 1888 0. 5559 0.9512 0.4718
18 0. 9399 0. 6648 0.2683 0.7037
19 0.7124 0. 8073 0. 5854 0.7076
20 0. 5665 0. 3268 0. 5366 0. 4942
21 0. 1073 0. 6592 1. 0000 0.4718
22 0. 8369 0. 6285 0.2927 0. 6494
23 0. 6953 0.1788 0.2683 0. 4524
24 0. 6824 0.4721 0. 5366 0. 5902
25 0. 5880 0. 6564 0. 6098 0.6118
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Table 6 Influence degrees of machining parameters at

each level
K AR 2 A R V)
Sb, 1.9410  1.7872  2.8359  1.5580
(b)) 0.1571  0.1446  0.2295  0.1261
Db 2.2687  2.1353  2.6974  2.3798
’ (X b))’ 0.1836  0.1728  0.2183  0.1926
Db 2.5877  2.4740  2.4042  2.6574
’ (b)) 0.2094  0.2002  0.1946  0.2151
Db 27833 2.8075  2.2476  2.9852
! (Y b))’ 0.2253  0.2272  0.1819  0.2416
Y bys 2.7756  3.1523  2.1712  2.7759
’ (Y bs)' 0.2246  0.2551  0.1757  0.2247

XIS R A VR B il Ak 2 B R 2 PR BB A 7K P B 25
BTHESM AN ¢, =[0.1571, 0.1836, 0.2094,
0.2253, 0.2246], C,=[0.1446, 0.1728, 0.2002,
0.2272, 0.2551], C,=[0.2295, 0.2183, 0.1946,
0.1819, 0.1757], €,=[0.1261, 0.1926, 0.2151,
0.2416, 0.2247],
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HIS AL/ R . €,=0.2253, €,=0.2551, C,=
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(1) TEdEfT PR B AE A ATt B8 A VR H5F
JER) 4 AN T 25084 5 DK, PR R &K
A 6 FhaTRErIFE R =,

I
(X b))’
(X b)) | %
(2 b))
(X bis)']
(X )y (Xbn)'s (Xby)',
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T T Tz Ty Tis

Toy Top Taz Tay Tps

T3y Ty T3z T3q T3 :Rlp (8)

s R, BB LI TSRS A KR, | i
TR, 1=1, 2, 3, 4, 55 p IR IIBIN,
p=1, 2.3, 4, 5; HiMEshr, HFAZ R KTH
FRH 2 AT O 2 B

Bl C, F1 C, Z ISR R, A2 i i
LAV AR

[0. 15717
0. 1836
C) xC,=10.2094 | x

0.2253

1 0. 2246 |
[0. 1446, 0.1728, 0.2002, 0.2272, 0.2551] =
[0.1446 0.1571 0.1571 0.1571 0.1571]
0.1446 0.1728 0.1836 0.1836 0.1836
0.1446 0.1728 0.2002 0.2094 0.2094 | (9)
0.1446 0.1728 0.2002 0.2253 0.2251
0.1446 0.1728 0.2002 0.2246 0.2246 |

R, WL, MRS C, R C, 2T,
W c, M C, WaaEME, R, A5 0.2253, [F
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Table 7 Affiliation degree of test results

75 LHHER A s
1 c, fc, Cyy T Cys 0. 2253
2 C, fCy Cyy F1Cy 0.2253
3 c, fic, Cy F1Cyy 0. 2253
4 C, Ml C, Cys 1 Cy, 0. 2295
5 c, fic, Cys F1 Cyy 0.2416
6 C, fic, Cyy F1Cyy 0.2295

[ SR 5 B 9 5 A P
Bk, HUC IR 4 B SRR | 4 2 )
B AR R, TR S I | BRI BE
i 52 A B W

(2) FE5MHF 42 WB I T 2§85 K 745 AN 19 5
AR, SRR CHIR B, 4 T B
ReFEALA €, ol R B K 1 K P4 . 3k i A
Hdn T B A SRR R max[ (X 6,)'] A

max/ ( Z by)'] A max[ ( Z by)'] A\ max| ( 2 by)']e
FETRATRERY 4 SN T2 H KB, B
BT S8AE N C,CxCyC,,, HFIEE N
0.2253 A 0.2551 A 0.2295 N 0.2416=0.2253, *%
IS HAE R OL T, A VR B Bl K & 8 de
TSHAE R, ¥R 550 v - min™', SELHE N
55 mm - min~', YEIEH S um, FHIE SN 480 N, It
Il R E P R R PERE IR B B I
4.2 TMEB S
I PR VR B N T 245 R A R 2 ) Ak
ANMERRBOC R, DS, A | PRIE . R
EMTSHECH A AR, @y Z2uhlAMRZERRR
FEEMAHAARLS | = (10) PR,
Ra=K, xn'" xf2x F"* x A"
o =K, xn" xfOx %A% (10)
H=K, xn" xf?x F* x A"
X K Ko Ky AEEG by, d ey, by, d,,
ey, by dy ey, by d,. e, SR REEE | P4
L OPRIE, #RE TR
S56 IEAZI IR B 005 il R 1) 1 48 H ] )3 48
SRR TR FE A0 48 B T SRR

R(l - 100 2980n—04 2143f -0. 1980A0. 2463F—O. 0310 ( 11 )

BRAR RN T R E Il A7y
o= 102 3782n0. 0086f0. 06698A0. 00896F0. 1948 ( 12)

IR B2 R AR R R
H - 102 79164n—0. 00054f -0. 0034A0. 02738F0.01394 ( 13)
207 22001, FREHLELAE A CRE R =
93.39%, WHEACRE RS, = 92.86%, KK
P<0.0001; 5843 H 0 1 AR C R %L R® = 94.76%,
PEEAA R B RS, =93.71%, K%K F- P<0.0001;
TN RE BE (A 56 R 8L R® = 96.20% , A 56 R KL
R:,=95.44% , KKK F- P<0.0001, 15 H]4& 4 ml )
B BB i (AR G . 8] 4~ &1 6 S 3R)ZPERERY 5%
2203 R B Y S N A A A, 1B
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Fig.4 Normal probability diagram of surface roughness
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Fig. 5 Normal probability diagram of residual compressive stress
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Table 8 Test verification results

. i % B  RIEA,  WIESH RUBEE BRAERE 11/ MPa fifi i /HV
He i (r-min™") (mm + min™')  pm F/N BN N 30U L= T . 1 < R 16111 N £ (= O 1 =1
efkdis 1 550 55 5 480 0.288 0. 285 1120 1114 711 694
2 450 55 5 480 0. 305 0.298 1096 1112 708 693
3 650 55 5 480 0.284 0.276 1100 1115 685 693
4 550 45 5 480 0. 307 0.297 1090 1099 715 694
X H IR
5 550 55 10 480 0. 331 0.338 1141 1120 693 706
6 550 55 5 380 0.282 0.288 1078 1164 703 691
7 550 55 5 580 0.293 0.284 1140 1155 700 695
BRSNS, BAT BRI 1) 700 5E
5 (4) LSRR BN, A5

(1) BETRAEe S T RKER R Z RS
HE RS TN T2 RS E R BUA RS R R AR
I LR S VRN AT I T2 500 32 2 RE 14 52 i A S
N BESEERRE S T ) > RIE S F s K i T
SRS RIZVERERE AR 225 5 1 KK ik
> Fe S PE L RE ST TT 5 55 2 KPR >R
TISEEHSTEAGHRIE ; 55 3 K. BRI >He > 25
HEESIROR ;28 4 K R >0 45 0 B > B > R
W 2 5 KF . HESR R RE SR ) SF S TR

(2) RS E RN T 282 8 52 5 AR
FHASE, W45 8 5 T ) 922 HAR R i fe oK
PEA U SRR . IRIE SRR D 2 e RS2 AR
WAL/, T E S R R | PRI . R Z IRl
SEHAERI R/

(3) EEMTIN TSRS RIEEREZ A AEL
PR, EEALZ F bR TR Bl A B R It 7 22
OIMT AR 2B oA, UERA T K] AR R 1

BB MR TS5 A, %3E K 550 r - min™',
PRI A 55 mm « min™', JRIEN 5 um, #E SN
480 N, F H i B6 (A 5 T E 0 X FL 36 UE T e hn T
SRR THERZMERESSH T R tl, ot 7% m

i,
S k.
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