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Ultrasonic Vibration-assisted Magnetic Abrasive Finishing

Chen Yan Liu Zhaoqian Wang Xiankang
(Institute of Advanced Grinding Technology, University of Science and Technology Liaoning, Anshan 114051, China)

Abstract; Based on the material removal model, it was concluded that the increase of finishing pressure
was a practicable method for improving the efficiency of the magnetic abrasive finishing. By adding
ultrasonic vibration to the magnetic abrasive finishing process, the instantaneous pulsating finishing
pressure of magnetic abrasive particles could be increased. Experiment results showed that, magnetic
abrasive particles could efficiently remove the workpiece material and keep surface smooth with the
combined force in rotational movement and vertical impact. The practical experiment proved that the
finishing efficiency was improved by 50% or so. The surface roughness of workpiece decreased to
0.06 pm. Compared with only magnetic abrasive finishing, the ultrasonic vibration-assisted magnetic
abrasive finishing made the surface morphology smoother and well-distributed in digital microscope. By
using X-ray interferometer detection, the stress state of workpiece surface layer after ultrasonic vibration-
assisted magnetic abrasive finishing changed from residual tensile stress ( + 320 MPa) to compressed
stress (=40 MPa) , which effectively improved fatigue strength of workpiece.
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Fig.1 Working principle of ultrasonic vibration-assisted

magnetic abrasive finishing
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Fig.2 Motion analysis of magnetic abrasive particle
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Fig.3 Device of ultrasonic vibration-assisted

magnetic abrasive finishing
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Fig.4 Workpiece surface roughness vs time
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Fig.5 Texture of workpiece surface

(a) TAFJRUGEBEHIRM  (b) B JJWFE 20 min - (o) H 74 RS I3 BT 20 min

2.3 ITHRERASK

T R R 7 IR Bl B R B X R T
JPRAS I, 76 E IR ST s R E X & T W
A8, 43 S0 X B 1L 1) T T LA B T 4% R I 4%
T SR FH 8 75 IR 3 4 B 1 7 BT 5 AR 2R 4 s 1 B o
TR AT T AR AN . R sin’y 311
M5 260 %f sin®y AR ME 6 B, RAER(7)
G5 B 5% A3 0 7 A I e 2 AN 2 R

_ E m 9(26)
T ol = T2(1 +V)CO 180 d(sin’p) (7)
Xrp E—MRIER R v —— A RRA T

HIZE 2 AL, TR BeH] e, 2 i b IR A
FRARPLIJ7, HAE N +320 MPa, 1 0 & T 308

x2 IHREWMBOEARL

Tab.2 Stress conditions of workpiece surface material

NS 5% 43N )1/ MPa
GAEY S Rl +320
gl g ) WS +80
545 WD s -40

L AR B A0 T gk AR v (4 U0 0 A X AR N G
RS 0 T )5, T 3% 1 1Y) R B 1) 80 3 R 4
B, AR T A RS AR B T AR K el s el
WFES I )5, AR i R RS T BB AR
RAHIN 11 EFE R +80 MPa,

Hy 8 P D R 3N 1 51 R B L T o o
B TR R0, 15 B3R 2 &8 R A 2 IR 0N 8 A%



298 201 3 4
90.96
90.94 90.98 *
> 90.92 o: 90.96 /
= 90.90 3
' 90.94
90.88
90.86 90.92
0 0.05 0.10 0.15 0.20 0 0.05 0.10 0.15 0.20 0 0.05 0.10 0.15 0.20
sin? ¢ sin? ¢ sin? ¢
(@) (b) ©

Fl6  TARIZMATH 20 X sin’y HE L
Fig.6 Diffraction angle 26 vs sin’y
(a) LAFFIREERIZRE (b)) #IIWFEE 20 min - () 8 AR 3 # 71 WF 5 20 min

BB, 7 R N B ILER AL )Z . LA T
A5, 8 i 2l il B R 0 BIE B N LR T A 2 T N
JIARAS  © B BEHIG 19 3R A LI ) A8 A B A% T N )
-40 MPa, B IR 2 7 Ik 30 B G 00 B0 S /s 7 A Y
F B AR /N AR X £ 8 A 14 9% 57 75 i id S AR
SR

3 £

(1) AR A R 25 B SR A6 10 3 A 453 00, 75 50 4l
Tk 1) T 5 0 DR 2R R R R
B AR bR R SE AT b, T DL 3 6 R0 IR ) i T
Bk 52 BL P e 0 WS B9 AR o R T AE B Al %
T3 T2 m 51 A S AR Bl R LA A R TR

5% B REY T R E RI I b T 2 10 7 A ko Ay,
DA R A B %

(2) 668 7 4 sl g 01 52 6 In 1B 4 B R 1
iz B AR A oy B ARG T BIF B ) TR B K ST e F 2 B, AR
HK Ve i iz s R L p i B RS s A . WG
ﬁﬁﬁ%%AmLmﬁiﬁﬁﬁﬁﬁﬁw&ﬂMM
BHEBRTE Y S) TP, 5 SR Al g ) W I AT L
L2 || I = IO oD 2T L) 2 N o e

(3) - W R sl 51 B BF B R T &5
77 RN B WAL AR VR T, i T 2 2 A R U
MR YN R R AN GNP IRV N
Wi J3E e A B 57 A

2 % X W

1 LiuZQ, Chen Y, Li Y J, et al. Comprehensive performance evaluation of the magnetic abrasive particles [ J]. The International

Journal of Advanced Manufacturing Technology, 2013.

2 B, WITES. NGB IR TE N R WS Y R RS BT LT ] MU AR 2R, 2005, 41(2) 245 ~48.

Wang Yan, Hu Dejin. Design of rotating magnetic field about internal finishing of stainless steeltube [ J].
Mechanical Engineering, 2005, 41(2) :45 ~48. (in Chinese)

Chinese Journal of

3 Yamaguchi H, Shinmura T, Sekine M. Uniform internal finishing of SUS304 stainless steel bent tube using a magnetic abrasive
finishing process[ J]. ASME Journal of Manufacturing Science and Engineering, 2005,127(3) :605 ~611.

4 Chang G W, Yan B H, Hsu R T. Study on cylindrical magnetic abrasive finishing using unbonded magnetic abrasives[]J].
International Journal of Machine Tools and Manufacture,2002,42(5) :575 ~583.

5 Lin CT, Yang L D, Chow H M. Study of magnetic abrasive finishing in free-form surface operations using the Taguchi method[]J].
The International Journal of Advanced Manufacturing Technology,2007 ,34(1 ~2) :122 ~130.

6 Fox M, Agrawal K, Shinmura T, et al. Magnetic abrasive finishing of rollers[ J]. CIRP Annals-Manufacturing Technology, 1994,

43(1) . 181 ~ 184.

TOHAEGRRR RO TR TR R AL AR EURE I DR [T AR HLBE A 41 ,2005,36 (1) 1108 ~ 110.

Xiao Zuoyi, Zhao Yugang, Wu Wenquan. Finishing machining technology of mould and die based on the magnetic abrasive

finishing and reverse engineering[ J] Transactions of the Chinese Society for Agricultural Machinery,2005,36(1) :108 ~110. (in

Chinese)

8 XMZ#& 4 D, ROV AR R LR S RS R B A E UM e SE 3R [T ] R AL AE R, 2010, 41(2) : 221 ~226.
Liu Renxin, Yang Weiping, Wu Yongbo. Experiment on silicon wafer edge hybrid polishing of ultrasonic vibration and chemical
mechanical[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010,41(2) ;221 ~226. (in Chinese)

9 Yan B H, Chang G W, Cheng T J, et al. Electrolytic magnetic abrasive finishing[ J]. International Journal of Machine Tools and

Manufacture, 2003, 43(13) . 1355 ~1 366.

10 El-Taweel T A. Modelling and analysis of hybrid electrochemical turning-magnetic abrasive finishing of 6061 Al/Al, O, composite
[J]. The International Journal of Advanced Manufacturing Technology, 2008, 37(7 ~8) : 705 ~714.
11 Chang G W, Yan B H, Hsu R T. Study on cylindrical magnetic abrasive finishing using unbonded magnetic abrasives|[J].

International Journal of Machine Tools and Manufacture, 2002, 42(5) . 575 ~583.

(THE293 W)



55 10 14 M 5w &5 45 A3 EE E S IE S @ & S50 1k 293

30

31

32

33

34

35

Guo Jianying, Sun Yongquan, Wang Mingyi, et al. System reliability synthesis of wind turbine based on computer simulation[ J].
Journal of Mechanical Engineering, 2012,48(2) :2 ~8. (in Chinese)

T A R IKIE . BRI R IR S IR s IR TR [T ] Al HLBRAA 4R ,2012,43(6) <1 ~ 7.

Yu Haisheng, Zhang Jianwu, Zhang Tong, et al. Transmission control mode of electromagnetic power-split hybrid electric vehicle
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2012,43(6) :1 ~7. (in Chinese)

HLL5E R, 7T, 55, JE T 4% 1) St 78 BRIE B0 25 5 T U7 1] W B2 i AR AU [T ] ROk ML= 4k ,2013 ,44(3) 257 ~ 266.
Tian Hongliang, Zhao Chunhua, Fang Zifan, et al. Improved model of tangential stiffness for joint interface using anisotropic
fractal theory[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2013,44(3) :257 ~266. (in Chinese)

B 2058 R IObR, 7 WL, 55 B 2g e fih 129 4R [J]. =i 24l : HARBL2A AR ,2011,33(6) :61 ~71.

Tian Hongliang,Zhu Dalin, Fang Zifan, et al. 129 years of Hertz contact[ J]. Journal of China Three Gorges University: Natural
Sciences, 2011,33(6) :61 ~71. (in Chinese)

L08R L0554 ST I AR AR BT A 15 5 i S BE (D). Al HLBR %41 2011 ,42(9) 1213 ~ 218,
Tian Hongliang, Zhu Dalin, Qin Hongling, et al. Modification of normal load’ s analytic solutions for joint interface and
quantitative experimental verification[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2011,42(9) .213 ~
218. (in Chinese)

e AR, 8 S BT IR TE Ab A Y = 4R R PRI E HOR LT ] AR HUAE R ,2012,43(3) 2219 ~222,229.
Cao Yanlong, Xu Peng, Jin Lu, et al. 3-D surface quality evaluation based on graphics processing unit[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2012,43(3) :219 ~222,229. (in Chinese)

5L BE A, mIR R AR R I SRR A ROTER A R L [ T]. T T2 ,2013,30(3) :445 ~450.

Fang Zifan, He Qingsong, Xiang Bingfei, et al. Research and applications of FE model on cables in low-tension[ J]. Engineering
Mechanics, 2013,30(3) :445 ~450. (in Chinese)

(L#EE 281 ;1)

11

NG, AR BOK Y, SF . B R A8 IR 3R R Y 45 5 U 1) % L 3 TE AL AR B R R LT ] BUAR D AR A 4R, 2012,
48(23) :46 ~50.

Li Xiaopeng, Wang Wei, Zhao Mique, et al. Fractal prediction model for tangential contact damping of joint surface considering
friction factors and its simulation[ J]. Journal of Mechanical Engineering, 2012, 48(23): 46 ~50. (in Chinese)

Wang S, Komvopoulos K. A fractal theory of the interfacial temperature distribution in the slow sliding regime: part [ —elastic
contact and heat transfer analysis[ J]. ASME Journal of Tribology, 1994, 116(4) . 812 ~822.

Wang S, Komvopoulos K. A fractal theory of the interfacial temperature distribution in the slow sliding regime ; part II—multiple
domains, elastoplastic contacts and applications[ J]. ASME Journal of Tribology, 1994, 116(4) . 824 ~832.

B oR R BEEE AR LM ] JE BT HUBR Tl i AL, 2005,

REB, BORTE LW EZ. HURE I 5 i iy 300k o v PR TR AL [T ] P9 %2 ok 24 Be %% 4k ,2001,21(2) 150 ~ 157.
Zhu Yuquan, Ma Baoji, Jiang Lingyan. The elastic elastoplastic and plastic fractal contact models for rough surface[ J]. Journal
of Xi’ an Institute of Technology, 2001, 21(2);: 150 ~157. (in Chinese)

Johnson K L. Contact mechanics[ M]. Cambridge: Cambridge University Press, 1985.

B B, R AT T (B A A 3R 4 R B RE T R A TEAR U S [T ). PE AR AR 4R ,2008,28 (6) :529 ~ 533.

Huang Kang, Zhao Han, Chen Qi. Research of fractal contact model on contact carrying capacity of two cylinders’ surface[ J].

Tribology, 2008, 28(6) : 529 ~533. (in Chinese)

(#5298 T1)

12

13

Chen Y, Zhang M M, Liu Z Q. Study on sintering process of magnetic abrasive particles[ J]. Advanced Materials Research,
2011,337:163 ~ 167.

PSR, GRS, 7 45, AR SO I T TES R ARGt (1] Rl L~k ,2007,38(8) 168 ~ 172.

Lu Yaping, Zhang Junqiang, Ma Ji, et al. Study on the control of ultrasonic magnetic abrasive finishing[ J]. Transactions of the
Chinese Society for Agricultural Machinery,2007,38(8) :168 ~172. (in Chinese)

Shinmura T. Magnetic abrasive finishing of rollers[ J]. Annals of CIRP,1994,43(1).181 ~ 184.

FOWRE, 52 SRS A5 BEE A o il T R T PR R LT ] AR HLBEF 41 ,2006,37 (7) 1163 ~ 166.

Lu Yaping, Ma Ji, Cai Junwei, et al. Study of intelligent control system in magnetic abrasive finishing on molds free surface
process[ J]. Transactions of the Chinese Society for Agricultural Machinery,2006,37(7) :163 ~166. (in Chinese)

Ferreira N G, Abramof E, Corat E J, et al. Residual stresses and crystalline quality of heavily boron-doped diamond films
analysed by micro-Raman spectroscopy and X-ray diffraction[ J]. Carbon, 2003, 41(6): 1301 ~1 308.



