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RESEARCH ON FINISHING MECHANISM AND PHYSICAL
PROPERTY OF LIQUID-MAGNETIC
ABRASIVE TOOL

ABSTRACT

Liquid-magnetic abrasive tool finishing is a kind of new technology on
precise finishing. It is an innovative finishing technology that takes
advantage of the theory of magnetorheological fluid. It is composed with
magnetic particle, carrier, surfactant and abrasive particle. Liquid-magnetic
abrasive tool is liquid condition at zero magnetic fields so that it can close
around the complex surface of workpiece. On application of external
magnetic fields, Liquid-magnetic abrasive tool prompt generates facies
change from Newton fluid to plastic Bingham body. At the same time, it
‘embeds the surface of workpiece like a molding abrasive disk. When the
relative movement between workpeice and Liquid-magnetic abrasive tool
happening, a portion of the part surface materials is removed.

The dissertation investigate the physical property and working
mechanism of Liquid-magnetic abrasive tool with adopting combination of

theoretical analysis, experimental investigation and numerical calculation.
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The main research is as follows:

1. The Liquid-magnetic abrasive tool that can finish the surface of
workpiece is produced through adopting combination of theoretical analysis,
experimental investigation for the composition of Liquid-magnetic abrasive
tool.

2. The density and viscosity of are known through researching on
physical property of Liquid-magnetic abrasive tool. The shearing stresses at
different magnetic fields are measured with the device that designed and
made in laboratory. The magnetic conductivity Liquid-magnetic abrasive
tool is measured by using the device of testing Liquid-magnetic abrasive tool
saturation intensity. According to measurement, B-H Curve of Liquid
magnetic abrasive tool can obtain.

3. At the basis of processing experiment, the techniques parameters
such as intensity of magnetic field, the rotation of workpiece and the time of
working how to influence working efficiency and the quality of workpiece
surface is found. At the basis of mechanism of Liquid-magnetic abrasive tool
finishing, mathematics model of Liquid-magnetic abrasive tool finishing
work is established in this thesis. It provides rule for further researching
Liquid-magnetic abrasive tool.

4. Several finishing modes of Liquid-magnetic abrasive tool are put

forward through theoretical analysis and experimental investigation.
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Liquid-magnetic abrasive tool finishing belong to flexible working,
because the remanent stress existing in the surface and subsurface of

workpiece is small.

KEY WORDS: Liquid-magnetic abrasive tool, surface finishing,

experimental equipment, shearing stress, techniques parameter
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TR R B R AR 5 B ISR A SR (40,0,) RS & AW

SEAEALHE (CBNY . SmfbRE (Si0) 5. —AR BRI, B LT BT Bkt
i b, B, BERATE R R ECHI A TR B B E A T Refin T
BORFEEIR KRN, [RIAS B L AL S A R B A TR R — R
M.
BERRT, BRNIFEEUTASME:
L. BNFEARRENEENRINE, EEs570, BEERBERNESN
e, BHIFHRBYBRZIM T4RE M. i, BRERIANTLE,
HEELAS T IHNER. B ERERLESITFE.

14



KRB R WA A X

BE#MAE RHMHE/ (Nomm™)
S (1800-2200) x9.8
AR (3200-3400) x9.8
AERR T (8600-10600) x9.8

2 BEEHMERAEE, RRERAH TR,
5. BE-EMNN, WESNE, REERINET, L0a%,
4 BREERRERMEALELR, S2EBRMREAET, R R
e R EEHIPER
2.2.2 KRB RAVSIE
AT ERNGHREATRHE, RITRRYBFANRAERBEL, T
BSBRAEY, AACHRERORRIERE S, RTUREN TER,
AR H AR ARO TR, WA BERRNBAA B RIS
A (REERIERRE, EHAZ MR SRR R 5
ERRNUTOREERBAORR, RRARRUREBEERN, REsxt
SRAMI. REXERESEERRF, B 50, 80 1207 R
AT RGBT RORIR, REREEREAERES, AR
AR R R B, T REM TR MRS AT T /L%,
WAREBARELES, SANTAEENETHASRMAS, WE 2-4
Fi 7R

B IRMHS

_.-{:__.__.' L .-1 A

Rl ! 2
B 24 mERAEUELNM L

Fig.2.4. Tools for making up Liquid-magnetic abrasive tool




REH | PR AR

S EATE UARY, BE R INE S M T AR AR R . BURITT 2% K
I+ TIRETEEL BN 5.0g, A 200ml ATk, AEDNIES BN SRR,
AN RXe (7 270g BIEEkNy, Fa{bRE (807) 300 3%, Zff2 7, RIMTFHE
BEHE 6 /B, FEE0H 1000rpm, #RE 48 /B, BALIIE.

BATTR o R A O B B LR B LT 7 A 1 35% M BRI R,25.6% Y 7K, 38.5% (1Y
BRERALEE 0. 5%RITRER, 2R 0.18%.

2. 3 RIKEE BRI TEIE

RN REAMEEAEENSTEL —. BAMEEERLSMTE. KU
PE R BOK SRR PE SR R AR S R R R BRI S T B BIR AR, E R AT SR
e B AR Ak, TOfE SR BEE 1 T 0 Bingham 16 B5FE .

E T AR P B L A R AR RN SRR T R AL, S A TR T R B B B AR T AR LA R,
L B R A B R R BTV B AR R A ) EERE . — o W R A
PEBARGE, W HERTZRMMEER, b TERGERDERMERKE, B
FOMIHHRIRE MR, EXMEREMH - PRERE, EREZNAREN,
RO LR AR T AR AR S R AR

BERLBR SEREME BT, BT T A SR, BARTE SHMER T IR
FEEREBR TR, BElldTELES AN TRBHEEER P, i
PAEEHEIDAM NS S, AR SR THER FRANERAOEREWZ6); T
Bl FREHRMEREN+2EE, MUSEEER AR B85,

AR, B R AR REARE . RN, GRBEURIMNEE KK
MEPERAHEE AN ERBENTEEE.
2.3.1 BTN R EMIEE

WA E AN R RRAEEE RN — N EERE, mHRAEIERH A
g Ve B EL R R R Rt 2 —, L D BT B R A R AT A .

Shulman" R IRAEBA T BT R (B BOR IR £ SR R —

16



ARE LAFREIIRESF VIR

AR, iz BTHEERMMHRRE S, CUhRiREMt, hIESE TS
SRR BB VI N T RIE R

Zz
2+,

T=ny+uH$ a—L— (2-5)

R (2-5) 91 g HERAE VGG v RYNEER, y ARTHIER, H A
R o, AHMRRBTREBMBIRKRE: o AWKRES BN RS S
MERA: o, EMEBR RS FRBAER, GREXFSHIKNE AL -, A

For, CARUSHPHBREEERY . B SERSREINS c BRERS
Bingham /M RBIVIN ) ¢ RFIAZCEMBRIBIRE S, NTTEEE IR0 T B P B AR
WA Binghan AREET, FHHERORRAEL. KARATHFFE AR A
fCE M THIER R E T B Iig2Ea

Ginder 2 A" xR i o BOBE L ORI R B R 45 MI AT 409, 1B RO

SR L OE g N A
5/, E(3)uM? (2-6)

& (2-6) B o HERTRAOMAMERN S £03)=1.202 (FED); ¢ ZHATER
PP PO REPE O O R s o, N ES SR, M| R BOR A B R
WA g, M, TR RO ORI, AR TTLIE N, HBR A ik
BN, S ERAR A A AR R R, A T R A O B AR
AR IRR S, MTTBEEE R SR ARSI, Cinder IX—Eip%
BA TR B AR B AR, T RN B R EE A S .
2.3.2 BB hEMENBEENXE

MRS T, <7, EIRRL 7, W BERIRE B 5 R
Hg R,

7, (B)=axB" (2-7)
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Frho AER BIEEMHER 1-2 ZBINEIE.

)

187 Fob ok

|

WS B KB
B2-5 Hhmht brsnRgs 4
Fig.2.5. Relation in shearing strength and magnetic induction intension

HAR (2-6) #1 (2-7) WBEEYING r SHUBNIER B HIXREIE 2-5 iR,

MBE A E B S R A B AT, BY YR R R RN R 538 n
2 EEEEMN, SHERTROEREFRAR, SR AEET —MERBETA
FEK. EREE T DR AT B B AR R R FARL, Bk, FERARE T B R
FEEE N T3 AR o AT DA S 4 SRR R 5 B 1) K/ e ds R PR B B R BT D) D RO K
AN, EETERIE4RETE T 89K
2.3.3 &1 |

Bz, MWLULEiHeaan, gkt ERERNAMERET O T /LA F@E:

(1) BEMERORIMAIREALIRE  Ms Ginder™i@id A FRC /47 18 B Bt Ak 52
SRS, TR R SR KRR, T 5 M, AR RS A AR 3R
FIP A RIEE . EER MR NI A T R AR R M .

(2) BENIEE B EREFHIEAMN, BEHLERKERN S ¢ B

PSR B SR TTRERN, B E X R DRE S LR IR L FTHESL . Bossis”
S HBAREERRERN D SRS BN RENEEXREN: 1, <8,
Fett'"Mi @ SCRRRTTRBL: 7, o« B o WRABAE!RHIB ARV BE B T AR S B 2R
FERRRI N 7, 5 B BUELE. U EixEeg Ry (2-7) MR-,
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ARB NP EIREF IR

(3) WM MR & Felt' IR pt it Sein R, kR : A% HL 1)
JERRRY 1 5 B 0hL AR BR HL 3 B B TE BE . Kordonskil RS RAF R KB, W TR H
HEASREE, X 10%<S & <40%ET, RSB AR B HIE RN ) JUF SRR (AR 1L
WELK: 5 ¢340%H¢, JE AR 2. 77 76 B T TR A R BRI FE 388 KT SR 1 I b iy
$vo AMEMMB DG, ©, = £(g) Bk L — BB RELA XTI T B

R R S LEQ-5). W TFHRMNEIGERE, 7o mBEAMEL, ERN AR
TR R TR B AL G XTI 2 M K

(4) HMHHARMER Fel'"%0 Kordonskil "WEid BRI, WIARLTEE M
BRRM ) SR BH EAB T . Lemaire ™ @it si30 R, 4Bk H 125 /M0.5~1
wom)B, JEARR BB B A INFT R g N, R SRR E AR K (25~45 1 m)
if, JEARR A4 SRR/ TER .
2.4 MRS P RN AN ERA S RN

HTEAEHERE, BATE R R R PR B R A R
BEATRFERERAEHTHABMTA . R EIM-—2E B ER R
JCI R HOBEA BRI BE A ) 43 A 1B BUHEAT T B MR 5
2.4.1 Noritsugu R RER

AZ%% Noritsugu 'S5 AR FTIET — LK. AT EMEHE L ERIR
P I AR, AR B R EAPIIE R 26, BBIE A RIEER S 100um,
RBERE R DO RN FAT TR EE T RISRE A7 W .
FELLE 2000e. 6000e. 10000e AN FIREL SR E T B R A BERI AR L h 2 At 5L

Bt BB AR TS B HE BIE AT TR E S T BRI mE 2-6,
B BREnHs RN, GO NEN. G 2-6 RAIaETE M ERRG
EWHN T M ARN— SRS, BB ERKNERPARTIR, EEUSERE
MRS F RS EAELY.
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B 2-6 FATHBGAHEGTEHSFAHA
Fig.2.6.The distribution of abrasives applied magnetic field in the parallel direction to the glass plates
EEETRERANES T, BEHROSAME 2-7. &8 2-7 TLUE HEEH
SRR RN, BB AR T AR T BT T AR D . BEMER T BIRSE R
BERAMEMAT RO TOERBMEWHREIEN, ZTHEA, BRERER &
bt Gl iR ich ot s Bo e
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B 27 BHAEEATRBREOHMHYOT HIFHL

Fig.2.7.The distribution of abrasives applied magnetic field in the perpendicular direction to the glass

plates

2.4.2 Sunil Jha YIS R

ERRF %% Sunil Tha 22\ "7 Sk BAE X RN U FE AT T BF. £
TSRS T, B A e B R e R . HENAMRLR S, B
WML (CIP) YRRAS 7 1 AR FEIR A TR 05 &, BERLI IR I T i Bettbly
Zil, E2-8 (a) (b) HBIET T ETRG A BIAE R TR RE R T
BT A AR L R Ao B S O A 0 R e T B SR R R B 88 1) 43 A 1 50
3 Lt 7T L i 45 M0 o MR /S R B 45
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Eh R TR 02 B T o 5 KL AR SR 0 Y R /N F B R o L 4b
IR AR, BRI BRI LU RBERIA K b

b} Abrasive particles embedded in Carbonyl iron particle chains on application of external magnetic
fields.
a) EAAEGHEARAEHRBEGIFEIA b) Fitmatgr B4 032 TRt a1 A
SRR J8)
B 2-8 EoM AR R

Fig.2.8. Chain formation in magnetorheological polishing fluid
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A SR e e e A

E=F R E YRR

3.1 WA MERENEE
BHEEERNEERRAREEANEESAZ —. EAMERKEEER
M T R BB, 70 ELA LA Rt S R A BN TR0 2
Rl ERNEES LM MEET —ENXA.
R\ AR B B AR S Ha R 2 MENS, 5ol LUS RS H it B
ANEESH TN
p=p,0 +p,(0,~0)+p.1-0,) (3-1)
He, p AEGENERE, BEAASEERABMELN B AR
p, ARMEMERIEE
P BHEIRNE R
o, AEEHEFERE
@, AREEEFFE EARERE 2tz F

LMEEHASNERE SR, RONRTURAEREREBENER, A
RARMNTEFHEERNFESTEEREEASNH.

LT, BERMREEER 332gcm’; SBUEBENRETET (80" 4
1.58g/em’; REFBMH+ ZREBBANRETE N 0578gem’. BIFHRATREK
WA EANER LB IR, MBREREIAEA 16.9%; SRILER A
LA 39.4%; + ZHEEEBAKEILN 2.1%;: FEAKMERE R 41.5%; LFEF
BIRER LN 0.1%, AR 3-1, WBHEERANZEEEN 1.55 gem’,

BINMERFHEEANTEEZRBBELER, RONUBRREEEEBRNE
R 1.36gem’, BMBMNEEKEE —RHEE, TERAERNBHERER. &
AL RREEER T+ R EEBRHNRNREEE MENNZFCEFE —ENE
i
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KRBT RPN TR L

o, AR R (ERBNRA —E), IR AR R R PERD
ERAHEEERENARTAR, RESN, fAFEYL". 5558
i, ALLREA RN RE B N IR R B R R W E L

3.2 WK EENEKE

3.2.1 kM BRIATE

AERBIN, TR S EARTANE S, TR S T I MO DR
Bz Bgsh 83 H, RAERSLRSRETYRL, MR aarhmh a2 mitm
FBIIAERRIGE S . ERAARIERERE, BLIHARIIE KRB,

TR no MRIAKGEE, R IMBLS RHE R B R AR (. B5UIRNh s
BN RMEERR. L, RMBRMER T, WARMEE LS AHT 4R
W, FEFWER, ol T M.

T=1,7 (3-2)

A 7 ABITIN, et R ROIEARR B o ARG BRI TIHE,
ATVINER, EETHIERENREREET NMELE, W TF4Hmmdk,. oh®
o A BURRIE AR RE . BAREOARE U R ERRARTEN RN ER S E Y
W R AL B EATIUARE TR mo I RD

ﬁ%@ﬁ%ﬂ%%%%ﬁ%iﬁ&i%%?%ﬁ@ﬁ,%@%%EEM,MW
HHMEERMRSINERT . TGRS AR FAB8M Ik, RNERELWH
HESIR, XEAMUERTRBAE SR FHEN RGN ER bRz, mA
BN ERRAR RIFRRSIERSSE, ERNESE, X ITHREmMtEN
THRERSLBEE,
3.2.2 VR RMERNE

HMERRGHEEERNERSRAL —. ERBMEEE NI, Wkt
B ARER AN SHEHEEE A A MR ER T S AR EREXR, B
WA e BN AR R R A BE R O R ATHIE
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REBE | FW YRR X

KV, TR AR RN A =, R ERE BERARIRANE R KB
BN A T EIRIENEE.
1L7EERE
BEEH RAPDERERR, DIEE v EERE R AEsint, HEELKR,
FRABARAD, ERERALRBOERT, FIERHiEn, BEREZRIREE S
F=6m nvr, E n AWERREE. DNERIEBES TER, fERER LM AT
=4, M Efimg, E e Ve, MMM 61 nvr. FRRUTIET&EE, #A v R,
BAARK, DEREMEE TR, BaEEEm, EAmR, SEAOMELZNET
ENN, PERTTESETR, B mg=pVg +6mvr, IR FIRERALER, btk
QECE
n= (m—pV) g/b6nwr : (3-3)
FEIRIEE PR 25 PR B R B B VAR RO R T
B 3-1 AREERREE. ASYET, ©dasiil AT L w s E1g e,
BA—ERRZHER. EFIEFEZETREAT GRESETHITENF) . 58
N EML - o BN, BT ABRSFLWIREE. BEN, BTFA%
BN E SWLMRE NETE, KNETABLURE o i, mRTASHI)
PLEHMEX S T — M AE o (BIFLEET 0 A1) . WERRNAR ¢ 5HE
RIRFRA: .
n=ko (3-4)
e, kARSERY, DB AY. KETHHREESRE
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B 3-1 3 4b 4L At B2
Fig.3.1.Machanism of rotary viscometer
sy, HAVERMKEE T NDI-1 BUEE R vh, SRk 3 R FB () L B
BAKEENRE, WE 3-2:

B 3-2 NDI-1 &'k db 3585t

Fig.3.2.NDJ-1 rotary viscometer
B R AR B R R AN LIS PR I T BRI —F, A+
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REE AR AR AR s

TR B 5.9¢, Ak 200ml, Z.FE 2 ¢ RXe BHBIEELEY 270g, SRR (807)
300 g, BAT—HHTTHEIRK, BELRHITTARZ 630 cP. 640 cP. 590 cP.
590 cP, FAIBCE VRN B AN IR I (E A 612. 5¢Ps

3.3 Ik IEERRIBIN A

A B B YR PR R R S UIRE D B R R AR P B3 B T
HRFREENSN. WUIRHRERS, WERIEE BN TONERR. X
TATEE RIOM A — RN, E—RWTEEN, MAREA NIRRT
e BAIRBIR A B MR R A RS BOHSBESARKNT IR,
T BB IR AT REAT, BB A T BT A RN LB
.
3.3.1 BRTHSERT NN LRER
Bl 3-3 2 Felt (1996 ) FrRAKEEE, FLRHLETHE Brokfeild LVDV 111
WS ETIE, R VRGN, SR, TR
BRSSP EMBBREE RS, BAARAET 800 B, AT, W
TR, SE RIS, RO L T iR e
HECCME E 1T %H

R A 5
B33 FRRETER
Fig.3.3. Schematic drawing of the experimental setup

P 3-4 & Tang  Gorral (1996 &) BT il i AR IR AT (AR A M B, S. N E
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AREEN P ATR A R

BESRMOPY MRSk, BEPR AT IR, TN TR RS 2 AR I DO
WRERAE B, DUR/NOIEE R v EAEIUES), BB AR AL, M
SRR FROFON, T v AR A, RTTLOE A AR A RO . 70
FHGR S T RAMMRMN F ANRE B SRR, IR B A 5 R A i
FHE, wEBREe.

RS

L \\\E%ﬁ

#reps— —1

N

B34 SRRETER
Fig.3.4 Schematic drawing of the experimental setup
Bl 3-5 2RI (1998 F) SHTHIHREFERELENERANERE. 7T
ETFEPATER A LR R, 2R SR R A PR R IR R . B T)
LA SRR AR Y, ENEREEe SRYMEREH 5y (3
TR MXRR. G, L. TRPTRFERESENIY, EEMER
BN, HWRGRIES, ERAPOLREEETRE), TEL%, 7i&

FBAE y-oR/d REEANEE, dAETHTITEARE, AX—SkE,

20]

EA gAY,

28



REE NS TR EF S X

450

MR A

—— -
¥ j/f/;ii
|

A1

\Eﬁﬁ@%
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T st
B35 ZREETFER
Fig.3.5 Schematic drawing of the experimental setup
i RIS LU, B LB B M0 th BUA RS o B T AL
FERARKTE, BHEBHEETHIGENNT, ENBRIARILEE AR
R T — 2R, TR — & i 0 AR S B 5 L A B YT A7
TR T R NI A TR NS RR R AR LB, ERITNE
%o, BIFOMNENENEEARITAEHLREEMTE, AHRSERITNR
RExE.
3.3.2 GG ONBAKREBRNYNHNEE
B I A AR B A BT H B LT L A
I ESBTERAT H A I B e
2. PEAEEIR AR AR B F L5 2M IR,
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PN A e s NG e AT

fEaEagde My TR T — st R st o LR & RIS e
#.OREEER MK, . RO ST, HREE. AR EE. BARE

mLéﬁﬁic ﬁﬂ 3_6:

a) Workpiece dipping in liquid-magnetic abrasive tool
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b IHRELAEAT

b) Workpiece exposing in air
B 3-6 AMHEEEETEAMKLE
Fig.3.6.The device of testing liquid-magnetic abrasive tool sl;earing stress
XEZFRENMT: =R AR R A T AR RIKE,
Z=ANSTEAT SRR N TR M12X30 BISRAT . [FI R Rl A BE () =4 5 ST AT E R FLE
MG MI2 RFL, XHSE STRITHR AT LU AR BT, SRR [ &
A A 206 k. Hie AR, BRI OE —FRARE N 2 BHKIE: Hi
JE L — M12 BIPIREFL, THFEE X MEFLE E i £ X B HTEs
ARMIERTRERAmEDN, EOTHENFEETRBXBKERE, —&
AR T LLORAE RS Sl 3D TR B th 38l SR BRI E E A MR R X R E A
FEACRS R (RAE R S A0 T L TSR S 4 ST O R BB e R — K Pilm £, RIE @
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iR AELAL T RALCAE R TR I D O SRR R R P R T S, IRl
MEHTRAT OISR R T A PMET T 77, @RKR TR — IR 28 MR,
Hihb, EREEER =R, ATPNENESH TR, BRERMGR R BRI
5k, HREAFHORMESHMEME. XERED, HIT. B8, SRE
RERMFEEIARE, SRS, XM UERKEE EHRE T
BT, AMRAE RGBT

REFEMNTHRE. SEXELRFEERT MERZNESD, Hhxm
M, A THABRATSP,. BEELETNG T, [P TFHEENREZME
PRI, HHRARMED). WD FAEEMN RERLEHNER,
PR FM RS T BRI, KRN0 R TR AUEER S,
BEHINAHSARE, EARMNESBET, ERERATNNT, BREMmRRHE
5. MERFFRBCHYTIERNRE, ERUBHKEE, BAARMEE
{H. ZHRBIATHZMELS FEHRE T ARKRBEHFHE. XERkEE, wE
EESTFHHEE, RETEFRS TREHEE LTSS T OHEE.

b RD S RAIE, BATE BEE AT YR RmMEXES

rT=— (3-5)

0 W, =L (3-6)
I, RS RIRIRERE; R A BB ¥R
N AR
_ad* _
1= 3 (3-7)

tH(3-6) F1(3-7) BR 3L KR8
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REEAFB LI RE AR

B 3(3-5) A TBBE T W B BE R7E B A T T PR 38 AL o 0030 P i B B
B .
% 31 MBRANE T HNRE T P 7E R R K B R T RSN S A
s
A1 MEAT P HRARRIATAREGRASES (S £)

Tab.3.1.Max torsions of the device at different stations

eS| ERIGE B 1A PRI LSARR 2A  |HIE 2.5A
A3, ok 2
1 17. 4 22.8 73.5 91.5 | 114.8 | 127.4
2 18. 6 923. 4 72.8 91 124 132
3 18 922.9 74.5 95 117.6 | 125.8
4 17.5 22.4 | 74.7 90.4 | 123.3 130
5 18.7 23 73. 4 03.6 | 122.5 | 129.7

XAFRETEHAZARERXANNFAESTRA: 18.04 5 22.9%: 73.78
e 92.3%; 120.44 7L; 128.98 7. MFFHIMESA 10mm, #HEREEHENS 5
#: 360.8 g.mm; 458 g.mm; 1475.6 g. mm; 1846g. mm; 2408.8 g.mm; 2579. 65 g. mm.

mﬁﬁ(&mimr=§- THEAZH 0.02m

!

7d®  mx 0.02°

B w, =L
16 16

=1.57x10"°

W 5 AR T BTN D 4 514 :
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(EaE it 7= T (5}'_;6?3__6 =2.23%10° g.m™ =22301
. X
s 0.458 s N
EEBEH: = oo 2 92x107gm ™ =29200
y 475 .
R TAR: 7= ;7 7?3_6 =9. 39x10° g.m™* =9390Pa
. X
- 1846 _ 6 it
TR 1L5A B T e L 18x107gm ™ =11800Pa
DX
2
R 2AN: 7= " ;'740?(?_6 =1. 53%x10° g.m 2 =15300Pa
DX
- 258 _ 6 . -2_
EFRIA 2.5A B T= 10_6—1.64x10 g.m™=16400Pa
DX

M EBERTHERNTUME: RIEIAETSRIPTNIINNE D EAERENR
gEJe, WILAERRRETRZHEITIN M EEBENRRHEE, BATHEX
FRETRKFFATZHIBITIN G . BRIRIEET 2.5 N (KEEZDRRREE N
0.6T Z£%), WA RRBIVIN S A TN 25,4152 %,

ZHREHMEFE—LRE, RhEANRERZERET M7, BT
RARESS, RELERFLHAN RS, NTTZRNEEMHERNE. X—5AE 3-1
FEATATLE W, £ FRETMENSERINTERE LA, mRX aaeB o,
RER BN TR ERS T AR R A8 YIRE ) B2 6 5 HHERE Y .

HTRNER THIN A NENZE, ZFAERNS BRI E R
LA T B3R T B RIS .

3.4 RiFEGEEHIEINEE

3.4.1 HIBFRE B RIBIE B AR S
ATERTHSLEN N AR QTR POTIET LM, 8149
FHMLT A REE
th TR 5 F R LAE P (25 T rRIRAE R M A T R
N BB RS, SRR NS, REEERREHTIN, BHMEE
O, WA 37 () 5 BRI T, BIBFRLSWE S S — B T L
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—WREGRFINEA T, WA 3-7 (b

b) EShEES YRR T, B R RSN Ak

b) Magnetic domain on application of external magnetic field
B 3-7 i R T E R
Fig.3.7 Schematic drawing of the magnetic material was magnetized

A58, B ER L MR RE RS T REE A, M5 (K
BRI R WAB —EREEN, 2HUBHESKNSM AR XEH
BERRPCR AR SIAAIE, XY BB
3.4.2 RBEHMERESMNBEHENINEX

LA AR A IS 54 LA B — N, R B A AR R
FERERRNE, XREREEEERNBEAEE., AR, XN EEns
BT (BUBRESZ IR, MAUEEANHANBEETEAE.

T ERAVE, AR R ANRRIRS, B R A R A
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TERL Y FLIREE, R ey 1L E IR )y S (S R P B LR SR sl g
Y, EERLBEHAA BRI BRER Dk Blie K, AR TR, KRR A1 5Y
ORI, A RA R IO WM IR e R i3 . R, I A
EEMHRMER, AU RBR AR ER AR, W HEN TN LRisER
WA R EOKE, HRIEFELER.
3. 4. 3 FIKEE I B BLEL ORISR R B ROFRS

12 i 14 B B EL BB SR A R EE

A 3-8 RN AR B RN R E R B A,

MR ik

PN R o] / "& ﬁuﬁ " ‘% ﬂ

PR

BHHA

e R eI

B 3-8 RMRAKMKEE AL E R
Fig.3.8. Schematic drawing of testing liquid-magnetic abrasive tool saturation intensity
KRR RIAN: SBbERRFRME A, AR=4EmS, %5, £T
BARE. PIARAT. WARETEES A RN REYE RS A TH T SR A MR . R
BB R R, BTSRRI IR
F=NI=>"H I, (3-9)

F=R® (3-10)
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KIEE 1ANFT R T8

R=—- (3-11D

nS
® =B, (3-12)

B.
H; =L (3-13)

H;

B 3-9 5 3-10 BEar kAR 15

NI= R® (3-14)

Hoep: FAMS: NALKBEELG R ABME: AN REERTRKE,; B AW,
O AHPE; S AMBPARMER: 4 ANTFRESF: H, A% | BREERP Y
SRR 1 AS  BUEEBSHURE: © A% J MBS T RVME: B, AR J BUMEM
4

ER}

TR S T BB Nf:Z_‘%ﬁ (3-15)

24 8] 04 [ 4 PT LAFR 4N, 4 BBl B R FRR T DAL A, B R AR AT LA AR,
RS AT LU, MIXR R S R Ea Lok . B EA, MIECH, T
BAMHPOBEERAERY, R 313 FAILSKE N RIS ERE H | K.
Bglg _ B.rlx _ B.\'I."

Ho M, H,

B H OWREEE RNBSRE, B OVEANME, | AHERERM

H,=|NI-

+l, (3-16)

KE: p ATRMETR: [ARENIREREK: B ABKD (R MME: 4,
AEENHERE; | ALTHENSK: B ABKREE; | AW E R

[ % R B RE
EREHAERSSE BIRIF T, HBEEERE &

Bg:Bf (3_17)

HEMRME B =ITH, B,. B, AT IT, HIESRESUSFHRA, FLlL
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RSB I R B AR B S A 0 PUEEL (3-16) A6 M {60

B,
H,=| NI - +1, (3-18)
Hy

2 BENRI R Ed R

HRAE EH fy RATHE M & A0S B PR R 1 B B8 b) N D B AT S BIRO S, ]
IMEEEE R B R SRR 1T LR, B8O 3 B P AL Wi R 5
AR AT 1T, ¥IBE:
PR 12 R=0.03m; W2 EFHBR S = 0.03m;
HPWSR: u,=42107
SEwEE: B, =IT
SBEE:  h =0.0lm

BREWKEBRSME: =34,

m@ﬁ*%%@mﬁﬁ:}ﬂ:%;H@Alwzkaﬁﬂw
SR BRI N 3R Hg=%=1-:—(4.7r.10’7)=7.96x105

0
Fr & B % - F=H.{6-h)+H,h =265 x10° .(0.03-0.01)+
7.96x10°.0.01=1.326x10*
ERBOMBIER: F, =12F=1326x10"x12=1.5912x10°
SEBBT I EEA: F2A
T % B ) O 3 N=£’1'-;~“5-=1.5912x104+2=7.956x103 H 5E N=7.960x10°
SLEBHEE: I=4.10°

BESKHEEZ: d= %:7.97%10-4 WAL 3% Q0.90 MEEL

.
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ARV RFTEPPR A PR

| EBEME RIS d,, =0.960
KBNS TR k=07

Nd? 7.960x10° x 0.00106°

B E D mR: A= max_ =1.278x107?
k 0.7
S EFRRT, WE H=140mm:; BEEA=2mm

SEBENAR:  #1=2R+0.004=0.064m

A
é. £ oha Bt 4 . — . W — 0162
S B EREMIMR: f2=¢1+2 A+H ” m

S K L= n.[@J.N = 2825.8m
BTAKEEN 583k,
BHRAHE: W=L,.5.83=16.33kg
= —_ -6 Ld
S B R=0.0181x10"° x —4— =80.4
r d?
T

HftHEE: U=1.4RI=1.4x80.4x2=1225.12V

BRYLTE - b=2.R=0.06

B4 - hy = ”fz = 0.047

B L, =4R+004+¢2/2=0241 SEf 240mm
WM b= w =0.057  #&HX 60mm

g LR, BRIOHEMNEERFNE 3-9:
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Fig.3.9.The device of testing liquid-magnetic abrasive tool saturation intensity
AR W TR AR (S0, B CEMARMEER), SIE, %
TR B
344 MREMITHER
BSBEEN S, (n?): BEFHBKL (n): SBOBERA S, (n): <K

AL, (m)

L
R R =0. 01+ (7 x0.0315 )+ {47 x 107 )=2.553x10°

/-‘o g
2 SHUED, =B.S, & B=I1T S, =m’=rx(0.063+2) =3.117x107
@, =B,8§,=1x3.117x107=3. 117x107

3 HMTHHEE o, =0,

D,
4 BHPHHE B, =S—’=3. 117x107 = (0.047x0.06)=1. 1

Y
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Fig.3.10. Magnetized curve of soft magnetic material
5 MR THEMME, i EERMERE B KD EUNBENH,, 2B, 41T

wF, H, %120

B,
y = - =1+120=0.0083

y

6 BRYEABERH
L, o 1n .
R, = = 0.24+(0.0083x 0.047 % 0.06)x 2 = 1. 0253x10* x 2 = 2.05x 10
‘u}' ¥y
" L )
LR R, =—-= 0.27 - =1.04x10*
p#,8, 0.0083x7x0.0315
R AT B L R LR
Lm -7 2 6
R, = =002+ (3x 47 x1077 x £x0.0315? ) =1.703x10
m=~ yx

7 WARETh S EEME.

R,=R, +R_+R_+R, =429x10°
8 FidHi®: F=R,®,=429x10°x3.117x107=1.337x10*

BHSEREFNEHERAYE, KIRARNTR TS R R RE% i L AR
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Fig.3.11.B-H Curve of Liquid magnetic abrasive teol
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EME RAEEERCEMTE

4.1 RiIAEEERR AN THLE

TS MBRERT, BRISNAETREHEESERT, dTHAA R
BRI, RMABA R ERRE. XY AR A diz o,
BERCRT TAFRITIE otk . @IE ks, IRATRBENE A i T fa), R,
T A # N T2 I AR R A A IR A A4

{a) (o) {c)
B '

T

a) Bk A MV RO B A
a)Abrasive grain along with CIP approaching roughness peak;
b) fedk MM RGO AT BEAIMARA
b) Abrasive grain rolling over roughness peak in absence of bonding forces;
) Bt SO0 R AL AL R AL LA 3 i
¢) Abrasive grain crossing the roughness peak without cutting action.
B 4-1 X Shherdin i 5 A b4 A
Fig.4.1, No finishing action in absence of external magnetic field

B 4-1 EF W, ERERETERTERLS THEESEF, QBEugiEn
LERERMAREN, HTBERMREREEMNRSGE-E, RERERK, A
HERERK, RAESERRETMER, AEMFEEh T BRI RE, B5A
X TAFATO LB T . RURTETRS nBisH i, PR A Atk B L X T 4o 3 1 ) 247
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T HCHUSERE ()L A3 1,
FEIRSMBHA S, BAERBTERAL (CIP) WHESH 7 SRR S A TR AL Y
Hide GHEZRTRAVINED, BERNHM TRz, BB R B
E BB IREE R LR O b A U R A S A I T DU . X SRR
HEATNERNES THREEN BN, BTEREEN RN ERBES, B
WT—AEKKNATH, EARNEE LT, HTHANERTER TR ERNE)
fe, IHEENIIMHORAHATRMBHRRE S EER, W@ 42, AESME
BT EAAREE AR, EarmRE!,
(b)

I i
a) BAif A RMAEE ST

a) Abrasive grain along with CIP chains approaching roughness peak;
b) AR A R A 6045 T B BORTAA — A F 8]
| b) Abrasive grain takes a small cut on roughness peak in preseﬁce of bonding forces;
¢) HARAMIE— 1 G BT i BA T AT
c) Abrasive grain crossing the roughness peak after removing a microchip during cutting action.
B 4-2 #msbaREGE & A T 40kl
Fig.4.2. Finishing action on a single profile in presence of external magnetic field
Foh, BATSIIRH PR LR DIFE, EHMBRESE (BN 2.54) MT
WM TREPTZYYINS, REMBERTH 25 EAG, THEREMSHELK,
FUAMTAERLEE, X ERAE E—FRODHAT TR, EURTAERR.
42 R IEER X B TR
ARV BE BB DRSSO N T MR 2 AR F L RABRN: £
RESEZMRARE— AN EENNTES, AEBRERTHERNSS
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¥l B2 Preston HFE, MENERE R TLFE AR (4-1),

y
R=kpV, -k g2 (4-1)
& &

AP K—LERY, SWAHEERSS. WIKEE. THMEEEX,

P —ERRAX THREMTELS;

Vi—E R TR mAEx B

T —BRAX TARE A I

e —BRETHRENEZRL
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43 BRAIHNIHER
Fig.4.3.Position relation in abrasive tool and parts
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IR H ©
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P 0t (42)
x oy
B (4-2) A5ty Rr8-
d
T= Epy +C (4-3)
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e j—_’;%ﬂ?iiﬁﬁiﬁﬁ'ﬁ%ﬁ?&%ﬁd{ﬁﬂmrﬁj (x 10D BRI C KRB H
RNV R E X, NEESTRAMEEANEIEE (EARRETEL
T AR YEES AP I EE ) & HUE B AT 4 Eﬂy=§—;o RS,
RRENE BE AL RO AEHFHE 2 Bingham 12, BJUIRL )« ol th AR KRR AP
r =70y +sign(y)r, (4-4)
P WG BEABOMIGARERE: y NRRETE BE B BT IR %, ¢ A
TR AR R R S sign(y) RIS BE, “+” RFr, 5y RS,
Barst (4-3) F (4-4) WA

%NC; = no%mgn(y)g (4-5)
ERXPEILE y B B
;Ziy —ngv—sign(y)r,y+Ciy+C, =0 (4-6)
X CR/RABVGFH:
BIAFFM y=h B, v=Vi; y=0 B, v=Vo; AR (4-6), KB
C, =____+Sg ny)e, - '?o(Vo W -%)
(4-7)
G =1,
7= %[y—g]—d—%(lj;— ") +sign(7)r), (4-8)
b d ( Yo~V )}’
= h E— (4-9)
2770 dx (y IR )+v0 h

A h =TT ERNE R EE:
Vo— LB A B B RSB
M (4-8) FTLURIR, BIUIRA MO iR Atk B RAGRE . JEARRY A
WA R AR, ErEEREMEIE L DBERRE. K, Wik
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PERS BATETE h BYELMA hoo 7T 88 AP
By = 0.78h, (4-10)
b he EBISHITE B RSl BR B
S P
TEA R HETE B BRI T oh, M iR B B TR IR0 P B — BB ZIEH,
CEEWMFREBES Py ML) P, FIE S R38R Py A
P=DPg+tDutP, (4-11)
FEARE ST, WA LRER N, fTEUELATIAN P 0, FES I Py
P, AT K
© JEsIEH Py
X 4 B R ARPEBE R, Reynolds R AL A

3
d|h”dp, =6V0@ (4-12)
dx\n, dx dx

ﬁ#%%%%ﬁ%%ﬁﬁ%ﬁ%ﬁwm<xﬁ@)%ﬁﬁo

%t x TS 18-
dpd - (6V0h+c3)'70 (4_13)
dx I
itEF CJ_ /\ﬁﬁ?ﬁ
EmIBW%xmwmmﬁn%%=,&wwwmm%gﬂu$@=
Cy =—6Voh” (4-14)

B (4-14) AN (4-13) R, FEILsT x KRG ETEBBNF &) R S ea g 5.
b onbolbo=t) o

d h03 0 (4'15)

R Po RN x=0 i BALRIFABIE S -
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@ WEALIE S Py,

R B BB RO ERTE, R U, BaEEM S
SN SRE H AW TR AR:

M= 3(/"] _‘IJO)H
Hy + 244
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A w o IEETTHHTE,
o ERAME ORI RO RE S 3R
SkPRRY R, AhE S —RRER, WARHEVEEE R RS A TRRECRA, B) M=Ms,
B, BEEEERK AR TEUE .
P=MB+C (4-17)

%B:%@%ﬂﬂ=ﬂ&ﬁ;ﬂbﬂﬁkﬁ(¢W)@:
My +2py

R”=fﬁﬁﬁllﬁlﬁ4gy+c4 (4-18)
My 24y
A GRRASEY, SHBREERNERETE.

LA b BIFTIRAABIIE S Py MIRELIE S P $EAT T 20471, B HAAR (4-11) BB
TRBEA P, BRER 4D HEHEMEERER, NEARYEE BN T T4
MEEREBRE T INTEEMZRE R (R, SRS T T AR 5 B8

THEFEE, AMASE— P RN B T2 5E T &6,

4. 3 RN MEERCE Mg

4.3.1 RERBANLH
AR BRI TR R BT LR EARABTURNRIB® &3#1T%
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BEZEENEFNERM IRBENRERFREEANTHIZS
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ZH.
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Fig4.4.Structure of experimental equipment
LARAAKE ) IA 3CRAEMBE 4 ZRHMITSE

REFRRB TN INEELRRAMERBE, WE 4-5), (4-6):
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B 4-5 RAKEKE LA T EHEAE
Fig.4.5. Experiment of liquid-magnetic abrasive tool finishing
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Fig.4.6.DC Power Supply
BEED, MHRARBENEET S IMEAFRN TR OERRHHET R,
HEPhEE FaRAREN SRR, ERATHEN ISR EMHES
B, MHESKERBEABANLREENZON2EHERAMEEREGHEN
T2 AR LREE P REEHERTT LUEIR TR R EE) M8 M kR /ES),
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ALY RV R B IR, TESREEIANMITR, PR R S Lk A
S ARG [0 R A A SR DR, AT — R B B B BN g, sk
M TREEVEDFEE A sl BEaX B TaRmsEmIm .
4.3.2 WEMMIIREABMTIREAER
HTRNFTHEFRERE, B2 VR ERET AT RIA
2, MIMERNM, ZEBMABNERAN. DRREDUET BEMZR, I
AEIREES B, BANEX SR KT ERNR . B, CAERA R B B e xt
BRMREMITMT . BitEEHFERENEY, BT THRE0T, mE 4.7,
&I#M%%EEIHE

B 4-7 FR LI

Figé 4. Photo of the workpiece for experiment
AR T ERF ARG EE R e m T2 inIef . THERER.
MHBREE="ERTESEXMMITARGBN, MBS ERTRERERT L
SR BHEL FERXEATESHEER, HTsmEREd R L RILE
K. EEAFESR, NEeE, BEMBRSAMEEMER, RAERTIERERE
FRBATHN, FRFRILR 4-1:
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REF | IFRAATR A e X

A4l piREE LS L LT R

Tab.4.1 Experimental scheme of liquid-magnetic abrasive tool finishing

BE | TS _ TR
shs (r/min> Bk (A) (min)
1 (1%) 1600 1 5
2 (2%) 1600 2 10
3 (3% 1600 3 15
4 (4%) 900 1 10
5 (5%) 900 2 15
6 (6*) 900 3 5
7 (7% 600 1 15
8 (8%) 600 2 5
9 (9% 600 3 10

TrpH 7 MERSFRREMEREE, AF 7 WLRSERAGMER
45" M. TEERRRIE RS, WABEE LR IR 4-2 F 4-3 RHLR SHITRT,
SRIGHENTR R RE R I S8 8 b T A Bl SRR e R (b A o £

LRBETPREEIENE: EEIMBEENESOEREPLIRIELHLTE
HIZFRE, —BERT, BTRGHFHEIEMELL AL, XS RS T
MAO%MEN—ENER, EpRERENEETL. TRLKHSRFRS P
R ESMREEZ B E R T R A& m R A & [ R RIS — e i
o ERERAMEEAEMTEES, THRELTERERERS, AEHTHR
FATERIREIRAR AT A, HSEEME B S, TSP ER
— N ESHEME T, FERIALRATRERSE. RUABERESE, S
ARG SRR T ER G ER TN INEFEE AT XS, X
TERERTAMBMT —LRIEMLE, HRBNFETESD, #ATHRSH
R, R T Eguid, RERH T —BHESERE, ST T BB
Rpety, ReftgERNTARTAREIT, ELENITEEFHT. AR, &
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KRB NF R e

TR T RA, REEENEY, WASHELRMRAEL, WLLLHEER
BB T .

AT _EIRANIE 4T AT 40, md e 0 S PR AR EMETE RS AL S AL,
BT S R R F B R R L R, DA T8 ISR E LA TESRA,
REEWNHS: ERBNTERE, BBmEXAuEaRERINIHEEEX
HHLER, BMRIE THAMTHR.

4.3.3 MXHHE

RSB EAREMT Y, TESHNEEREFEEN. —H4HNTE
SRRV T IE THRREENROREXBTURNE . WERMEE R g T
MLZSHFEORE: THEE. THR%ER. MiRE%E. TRRIZRE 4-D
HI17E B S 56 J7 SESR T FIX L8 S 3T R A B 1 B L S b0 T TR B S e A

[23]

F 4-2 FOFK 4-3 575 Ay ASPRAEFOERAR 00 LS MUAB AR .
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KEE ANFH RS PR

£ 42 "I EIEAE
Tab.4.2. Experimental datum of parts in 457stee]

S AT (bm) FHE | EH8
MMTHES | 1.407 | 1.503 | 1.621 | 1.644 | 1.543

1 0.534
WMTE | 0990 | 1.033 | 0.975 | 1.041 | 1.009
TRy | 1.712 | 1.935 1 1.996 | 1.707 | 1.837

2 0.788
MTE [ 1.0691 1115 | 1.016 | 0.976 | 1.049
INTET | 1.690 | 1.520 | 1.700 | 1.864 | 1.693

3 0.948
WMTE | 0760 | 0.759 | 0.792 } 0.672 | 0.745
TEF | 1.272 | 1.293 | 1.375 { 1.381 | 1.330

4 0.671
MTRE | 0.790 | 0.545 | 0.675 | 0.629 | 0.659
MIAT | 1.415 ] 1.414 | 1.499 | 1.396 | 1.431

5 1.285
IS |0.158 | 0.140 | 0.113 | 0.173 | 0.146
PNTRG | 1.347 | 1.562 | 1.338 | 1.344 | 1.372

6 0.735
MTRE | 0642|0623 | 0.660 | 0.623 | 0.637
INITET | 2.318 | 2.098 | 2.264 | 1.978 | 2.164

7 1.404
MTHF |0.750 | 0.786 | 0.743 | 0.762 | 0.760

g IATHY | 1.424 [ 1.364 | 1.502 1 1.216 | 1.376 0471
LG | 0.899 | 0.897 | 0.961 | 0.863 | 0.905 |
IITHY | 1.420 | 1.339 | 1.284 | 1.449 | 1.373

9 0.573
INLTE 1077710717 10821 | 0.885 | 0.800
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£ 4-3 4sriddgbiun

Tab.4.3. Experimental datum of parts in YL12

P R (um)d FHE | EM
MTAG | 1.354 ) 1.334 | 1.284 | 1.360 | 1.333
1* 0917

MIE | 0424 | 0.472 | 0.370 | 0.399 | 0.416

MTES | 1.058 | 1.053 | 0.939 | 1.120 | 1.042
2% 0.896
WMIE | 0097|0119 | 0150 | 0.218 | 0.146

MTE t0.935]1.043 | 1.032 | 0.985 | 0.999
3% 0.842
LS | 0.155 | 0.183 | 0.152 | 0.139 | 0.157

SO | 1.809 | 1.771 | 1.945 | 2.026 | 2.087
4% 1.738
MIJE 10.13210.165 | 0.186 | 0.110 | 0.149

MTHN | 1.662 | 1.629 | 1.664 | 1.664 | 1.654
5% 1.441
MILE | 0159 0226|0252 ]02171 0213

HOTHE | 1.780 | 1.501 | 1.470 | 1.593 | 1.586
6* 1.029
MITE | 0.590 | 0.585 | 0.512 § 0.544 | 0.557

IALET | 0.775 ] 0.767 | 0.768 | 0.795 | 0.776
7* 0.555
MIJE | 0208 | 0.207 | 0.247 | 0.222 | 0.221

IAET | 1.255 ] 1.157 | 1.009 | 1.144 { 1.141
g* 0.926
MERF | 0251 ] 0.161 | 0.197 | 0.251 | 0.215

ox PRIRY | 1.230 | 1.130 | 1.108 | 1.315 | 1.195 0976
WMIJE | 0264 {0232 0172|0210 0219
4.3 4 FEEMANILRERICEMTIKE

AT H— PR A ERRIN T, AT RS GREEREMIN
Pt ZERREANREHET M TARER E, RIS EHR IS R4 BT AR
AL RESETINT.

BATRRAMBEENER N 50m, B TFHERRER, AT NITHEEMSRE,
BANEH T —ERR GLANSHBRETEEMMFRT), XHEERTUERIBT
WIS EPHTIN L. HFRAMNEE, B8
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B 4-8: i TaERERLLL
Fig.4.8.Piston and that of fixture
FESCE T R RIS AR B TR — BT TR 5 oh8h: i T35
ERERBKR, EREIHEM CTHSRE, 0T 8FE 600 #/4 GXFEnTR
MIKREHEEERADSRB): MIA AR 2. 58), LRFIALRREERTH
ENELmTE:
A4 FRS RO LB AT A

Tab.4.4. Experimental datum of part

FFS{In T Al R 2R R RS R (B 0 T i B 2% T 4R 6 ) on T W R T 3948 T #9 F 41
1 1.833 1.243
2 1.860 1.119
3 1.827 1. 354
4 1.878 1. 254
1.843 1.198
5 1.829 1.245
6 1.874 1. 335
7 1.824 1.235
8 1.818 0. 797
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a) Ao LATHEERGALM %A
a) Surface roughness profile before working
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b) AL EEEREGRREER

b) Surface roughness profile after working
B4-9 mIATEFEAMLATILE

Fig.4.9. Comparison of surface roughness profile between before and after working
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Fig.4.10.The photo of workpiece
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Tab.4.5. Experimental datum of part

P55\ B0 T AR AR A 32 06 n T i 2% i AR P ] i B F S9N TS B F
1 0. 760 0.612
2 0. 791 0.572
3 0.783 0. 442
4 0.790 0. 607
0.759 0.5545
5 0.720 0. 602
6 0.729 0. 587
7 0.753 0. 489
8 0. 746 0.525
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Fig.4.11.Comparison roughness profile between before and after working
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Tab.4.6 Decrement of roughness in vary time

N TR
5 48 10 43§ 15 43 %
RaZ L8
WA (45860) 0.70u m 0.81um 1.08 1 m
R (YL12) 0958 m 1.14pm 1.01em
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Fig4.12. Relation between decrement of roughness and time
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Tab.4.7. Decrement of roughness in vary rotate speed
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Fig.4.13. Relation between decrement of roughness and rotation speed

T E R T AR G RN, MERITLRI, SRS
HEERREE THEENEHELEL, ATHEERRmEL —2MnEH
(1000r/min) B, HAREERFKER R B, UL, OB TR ek
EAERR, IHEEARRNSHESRERERD, ETIBANREHEE.
REFEAS THEEARN, THRESREREEALZES SRR LRE,

63



EN NG R DA cERa A s

Mm-S E0H VIR s IR T RADE R AR ST A i TR A e, A
B LA B T AR AR 90071000 /min. B T ER B 1% O 20mm, #4 (YA 4k H
FERYYA 55-61m/min, LHLRVE, I TH [ T8 A gk ap i A 1T, &0,
I L RCE SRR

443 HIRRERIEZEEN

BT Al ri R B RN CRIRKR MR ERSRI RN T
PHEMLENEIR TR ERERNE 4-6, B 410 AT MERHE,
A48 RR AR R G AR E

Tab.4.8 Decrement of roughness 1n vary current
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Fig.4.14 Relation between decrement of roughness and current
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Fig.5.1. Structure of the wheel with permanent-magnet material
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Fig.5.2. Schematic drawing of the wheel with permanent-magnet material
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Fig.5.4. Schematic of Liquid-magnetic abrasive tool experimental setup
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