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Optimization experiment of permanent magnetic pole in magnetic
grinding assisted by alternating magnetic field
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(School of Mechanical Engineering & Automation, University of Science and Technology Liaoning,
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Abstract: Titanium alloy is an emerging structural and functional material, and precision machining of
TC4 titanium alloy surface remains a challenge. To improve the surface quality of titanium alloy, the
arrangement of permanent magnetic poles is further optimized in alternating magnetic field magnetic
particle grinding. The unoptimized alternating magnetic field and the optimized alternating magnetic
field were simulated and analyzed by finite element software. The changes of surface morphology and
surface roughness of TC4 titanium alloy processed by magnetic particle lapping under several alternat-
ing magnetic fields before and after optimization were compared through experiments. The results show
that after 10 min of magnetic grain grinding, the surface roughness of the workpiece is reduced from
1.28 pum to 0.38 pm without optimizing the alternating magnetic field, and the surface roughness of the
workpiece decreases from 1.28 um to 0.13 pm during the magnetic particle grinding process under the
optimized alternating magnetic field with the highest magnetic field strength. The optimized alternating
magnetic field has increased the magnetic induction intensity within the processing area during assisted

magnetic abrasive machining. During the grinding process with the optimized alternating magnetic

Wis HEA: 2023-09-11 EEI B 2024-01-28
EEEA: B (1998—) % B-LAFSEAE  BIFIE 5 1] ok 2% S Re RN 1., 2582828960@qq.com
iSRS whrk(1975—), B W J=  BF5E 7 I o AE % S54RI T, email : hanb75@126.com



2024 45 H

LR R

o546 % 45 5 WS 374 5) - 29 -

field, the trajectory of magnetic abrasive particles becomes more complex, facilitating the renewal of

magnetic abrasive particles. This results in a smoother surface morphology of the workpiece after

processing. The optimized alternating magnetic field-assisted magnetic abrasive machining on the

surface of TC4 titanium alloy increased the grinding efficiency and further improved the surface quality

of the workpiece.

Keywords: alternating magnetic field; magnetic particle grinding; TC4 titanium alloy plate; surface

roughness

T o A B o — o ) FH R S b FE R 3 VR T
HEATOR GO TR HEAE G THOR" . TERERLITIE
FeAR b R BTN T 00 8h J1 08 AEREaE T
e P B AT B T AT — i N ) B R 3 et 9
B WG  E TT LRI S 1R ) > e Tk #
TR RIS THT (%) R AW P R TR PR 52 Wi T 5 3 (1) 5
BRSBTS A T
R AR AN () A 7 =R A RS T X 7 4 A
AL AZ 1 RN TR A m 7 M fE SR T
AT R RN TE R TR 0 e AR Sk 0 T 808 AR T
FEAE, FF A R AR N T A4 T 2 TR AR A R
32.95% XS T BH S I FH Al R A XoF A5 A PN 2 T
PPN 250 R A bE PN RE R THDRELRE J32 o T i1
0.50 pm F& % 0.11 pm, FRET 78%. KFRF "
8T RIS v A2 WA A 1) 5 XoF T Ak 3 T Jo ik M
FETHRERE B (0 52 fif R 1AL G P TN T B R A7
s 3388/ IN T 328 5 0 T DX, AT R T80 3R AR IR 1Y)
[F) R, 3R THIDREDRE B2 05 R B T T 40%., XA R
T CEE P N T T i, 7E R R R S [ A
T4 Bh REA AT S 25 min, {75 5051 5 & & E NH £
ThIHLRE BE i IR AR Y 0.791 pm A 5] 0.153 pm. 4k
B 4 MR %) e TR B2 5 v, 3 I T SR N Tk
FAR N T 22 5 W 8, BT X TC4 8k & 4 K T
25 0 T3 A SR R T B AR Sk i T
o WEIIWPEE BAYIHI ) BE R N TRCR = S50 A
A LRSI X TCA Bk & & A BHEAT IS I .
TSR TROR A FE I T AR I
T 2 A I IR R AR AR i T 4% R 45 TR 2% Xk
TC4EK G MR TN TARCR I m e, K5
UEB, WA T A 25 1 5 32 v W ks B S 1 I T8
Rt — AR N TSR FE R A (% JE Al 42
TR B R RE A, B AN NG A A S AR 1) —
RN . WFIE R, A BRI RSB HE A AT LA R

PTG L, B i TR

SR R TCA BRA 4 A4 2 ThI B , AR SCAE R B
AP TER L Xt @A A 7 2t — Ak, fa P R
KRGS A B ARG BRI T2, il ik w05 &
I, T N 5 R A R A AR R A O 3
S v WA ML OB B0 ST, BT e 2 2 A, i — P
7 TR ORLRE B2, 72 50 A9 56 RE 1w 1 T
BRI AR 5, Bk TR R A Rk
HEAT T 5222 W 7 WAL BT I T 200 TC4 8R4 AR Y
WFE AN TR

1 REMTFREBEFE

1.1 MIEIE

TEE WA, CRIE T A2 AR 1 5 B Y
i A S R N T T 25 R LS B R RS I TR R
PRI F T Y 2R AN T AR O A
$& B HOARE R 0 7 6 R S5 A A T4 L
B IR AR Sk — BB . SRR A 2
SR X ) HuC AE e, DTS A ) RO SR AR T
ARAT TG (RIS 1 20 4, DT A5 3] (R 4 174 2 T o T
JoT et RV e 1 3R TEDRELRE B2 . R FRL G W 3 X TC4
BRA A R A TR N T, K A 2 A, | 2908
B 22 AR W S B REORL B BB I T e D B
WLE1.

TS i A S B AR A A A
AU A FLABAL AR FERE LA Hh S A o
FAF R RE , X ARG ) N S B HEAT bR A2, W
KEREBRS ) . FEXT HL Gk 2 el T 5 LA B v YA 7
BT, 2R 1 M £ R 2000 [, 38 4o &1 L B 0 2% 0 H 3
R 2 AWIESLH L . ARG USSR A 20 KOR ff s i 17
P& S O3, d5e Je HEAT A AT A UL B ARG Ak S 1) 1 A HE

0T AR TR AR K 5 R v e K A



.30 - May2024

Plating and Finishing

Vol. 46 No. 5 Serial No. 374

B 3 IR A BRI AR S 0 TR B
Fig.1 Principle of magnetic particle lapping assisted by

alternating magnetic field
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Fig.2 Set-up diagram
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Fig. 3 Schematic diagram of discretized magnetic poles
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Fig. 4 Simulation diagram of alternating magnetic field
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Fig. 5 Cloud image of alternating magnetic field with different magnetic pole configurations
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Fig. 6 The maximum value of the alternating magnetic field under different pole arrangements
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Fig. 7 3D magnetic field diagram of the alternating magnetic field changed with time in the

processing area under different magnetic pole arrangements
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Fig.8 Change of the velocity of magnetic abrasive particles in the magnetic field before and after optimization
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Fig. 9 Changes in surface pressure of the workpiece

before and after optimization
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Fig.10 Changes of workpiece surface roughness
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Fig. 11 Changes of micro-morphology of workpiece before

and after grinding
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