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ABSTRACT

ABSTRACT

In the process of manufacturing mold, polishing on mold surface directly
affects the quality and life-span of product. Because of complexity and
variety of mold surface, most of finishing for mold surface still must be
done by hand work. Therefore, it greatly restricts the development of mold
industry. Magnetic abrasive finishing (MAF) has great effect at the complex
mold surface finishing due to its flexibility and self-adaptability. Based on
the analyses of magnetic force and grinding mechanism of MAF,
investigations on the relative techniques of MAF for mold surface were
performed with theory analyses and experiments.

Based on the theory of static magnetic field, the simulation model of
electromagnetic inductor (EI) was constructed by finite element analysis
software Maxwell. Simulation analyses about the effects of diameter
parameter of the core, magnetic pole form, protruding magnetic pole,
distribution of magnetic field, electric current, working clearance on
magnetic field were performed. Then, the results of simulation analyses
were approved by experiments. That provides with a theoretical groundwork
for magnetic abrasive finishing experiment and structure design of EI. Then,
based on the results of simulation analyses, the MAF machine tool was
developed.

Experiments of MAF for plane workpiece were performed by orthogonal
experiment method with mixed weight of unbonded magnetic abrasives. The
influences of abrasive consistency, magnetic flux density, working
clearance, rotational speed of magnetic pole, feed speed and finishing time
on surface roughness were investigated. Then, the best levels of factors and
the effect law on MAF of factors were obtained. Experimental results
indicate that unbonded magnetic abrasives aren’t suitable for the MAF

whose tool rotates, due to the centrifugal force.
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Experiments and theory analyses of MAF were performed with bonded
magnetic abrasives. The effects of the magnetic flux density, working
clearance, rotational speed of magnetic pole and finishing time on surface
roughness were investigated by finishing plane workpiece. Better surface
roughness can be obtained, when magnetic flux density B=1.2~1.4T,
working clearance is about 1.2mm, rotational speed of magnetic pole
n=2500r/min, finishing time is 4min. Then, the experiments of finishing the
representative concaves and convexities with MAF were performed, and the
investigations about the different effects of the magnetic flux density,
working clearance, rotational speed of magnetic pole and finishing times on
surface roughness were done. The results indicate that better surface
roughness can be obtained, when magnetic flux density B=1.3&1.2T7,
working clearance is 1.0~1.5mm, rotational speed of magnetic pole
n=2500r/min, finishing times is 6~8.

Based on the MAF experiments of concave mold and convex mold,
aiming at the problem of non-uniform material removal on the mold surface
in MAF, the main effect factors are analyzed. Then, the corresponding ways
for solution were presented by proving the shape of magnetic pole and
polishing trajectory etc. The results offer a theoretical foundation for the

development and application of MAF technology in mold industry.

Key word: Magnetic abrasive finishing (MAF) ; Mold surface:; Surface

roughness; Magnetic flux density; Simulation
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Fig.3-2 Electromagnetic inductor
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ERHMR, BMREAHEBEBRRFAN, BRNERERE, IRHEX
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BB REEMEE: Thds%. BN, KESE. EEEE. &
Bae. ERHASANRBEEAR. AWANWBHEESHERXAHHH L
THEXRARBEYPHERAARBEN T 4%k pT4, HULZH 0 2
mE 3-1 fim. TUHAKR—FHEKRERBKNEKK, AERFNEIE
MERHEANERE, HEAMLnE 3-3 firn. NESPAUEFEH T4
YHSRARDBELRENEES, BEUSBRENEKR, BIFRY
K, £ B=2.1587TH, REBMBEBENER. LRF, BRKOER
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ATk OTOFEAIMEE, RELENTHRORBERNERH#ITS
it

MEEERAERLERTAR, SBEMBERNERAT=E#S,
ANt EXREMNHE, WEXEREAREIMNBE, B2 EERNR
MBERCBRETE, TREBNSEENFAEGN BN RZE S 0 E A K
B IAKNBEEURIHFNMIEREBEmEARNER. BEELE
XEHRTF, BTHEFEARSTERENESN, AMLBHERIDRESE
BLAEA—NTEBEERRMUSE. 8 TESSFREVNIHRE, Bl
XABEAEMIH R BHEABXE, HREGHRBEZENEZKRRIE.
RN ESEEE LA LB RN N R B R B . RN S
RIEXA 0VAERTHEIFREW, BEA 0~3.34 TiE.

R 3-1DT4ER S
Table.3-1 Chemical composition of DT4

T ok 4f 8 4T tx #E GB9971-88

C% Si% Mn% P% S%

0.003 0.059 | 0.11 0.008 0.0084

25000 r

20000

15000

B/GS

10000

5000

0 100 200 300 400
Hf &/ em)

3-3 T k&% DT4 Wik &

Fig.3-3 Schematic of magnetic curve of Industry pure iron DT4
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B wMTERENE

ALY, BMHETBEN I RETI AR REMABEE . BHEKD
EHRMABNEMNTEERY, HENRTHHEETERESHIEIE
BMITA, HEEWmEMEABENINR. BUEEMEEHR T, A#E%
CHBHNERELEUWSEXN THBENRENES I EERELRW,
EHRTEHRBRNBNEAMRITTLANILESHETHAINT . XXF
AIREUMSERTHNES Maxwell X BN ENEH R ITHETH
B, FETHRTAESHWENTE, RUBHUBENENEHSH.

3.2 B IZERTITENEILEM
3.2.1 B iz HAIB it

MBI ERNEELER LERBEAECEALREHTHXIRNF
(Maxwel ) F B R A FEAERAWEBREASI T EAE. AKKE R EHR
ARFBRERBE, ETUSIABEFTRKBAKERBHI AR ITEHEER,
ENTUBATENBNA. ERLERESM, NEERERSER
BT M. EEHETR, RIRAREXRFERTHENNORE, BH
GHESWEREABNIVEFEATE, BRIBEHTERE, S
HmEBbhHBER, REZBEEIFECRAI—TEZEHBER.

EIOMAEFH, ERFFELETATENEME, BRETEAHAT
FEEMBEHAZHEEER, RZAXRTEFHIEL. EREAHMHE
WHEM, CEIBCHEIHEITNEERS.

WNIBEUHWES, EAFFHARANUIBARTUS K72,

VxH=J (3.1)
Vsz—gB— (3.2)
ot
VxB=0 (3.3)
) S b

H $ v

= i+ Jj+ k
S x Sy dz

XH, H: HEE
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TR TP RF T LT

E: BB E
B: BN IR
J: R HEREE t: B [A]
HEBHXERKXNK:
B = pu,H (3.4)
X e: XS E
fo: HZWEE
IR REETURRA
J=y(E+vxB) (3.5)
Xy BFH
v: BHEE
¥R (3.1) ~ (3.5) #HTEETE:

VzB-y,uo?ag=yyony(va) (3.6)

AR (3.6) AWHMIMA
C=puyVX(vXB)

?‘%: VZB—/I,UO(;_f:C (3.7)

AL EUARFFNMEBEMBERFAN, BELHBEERNERKEI T
ER

k-5 - (3.8
or

R, K. K: R¥EEE, %‘ngamﬁgwméz
R: GHBF ME.
3.2.2 MHERRMBENESEITE

B T B R B OB R AT CLIA R e M R B B R B BR BE A R Fe RO EE R BB
BURZESAKR, ABENEEMHLUE, FIH Bucken BE, WLHEA
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F=E WMOERESE

B R R B0 A X R B R o 1200,
1o, Le" ey Tl
a s
/ug 2lug+lua 2#g+ﬂf

H, 1+(Va Hy —H, +V/ H, —Hy
2u,+u, 2u,+u,

KX, V. V,: SR ABEEERDE ALLO;. Fe AR

Mo~ Mo~ Hp: R AZESR. ALO3. Fe T %

HFESH ALO; EART MY, il g~y ~p. TEREEMH
MHENESEEBREENERB u=p,p. BRBEER®EEARE,
BEFHRTHITIENAEREho, BEREFTERBIIHFINE 4 =m0/6, T
(3.9) 75 fk:

62+ p)—27(1-p)@
T 6Q+u)+a(l-p)w

(3.9

Hy =

(3.10)

m

3.2 HHMBENBITEMNLIRAEZH

B RERT, BPOUUEERNLIRE4F: ORNL F &4
OQUBERRXHLF: OABKULF: OXWHKLF: OLEEF. FLHRAMN
KAMEBHBYEAEAMAKREN, WET -HBTHINFH, B,
AU EIHMBEBRHEANTEATFTFRE L ATANR. E-Y
kg, ARAXENARFHENRETHBESIOEBRAR, HUESH
KBERPNEZBRELFABRREEENIASH. AT FEBHBEN
BEMMMKEN, XTHNRFPERE, RBEXN LR RLIFHT HE
REEM. St XHERL, EREAETTURTRZIFLERIRYL
F, ELBTURPARAEXIEHRE, UAETHHEELK.

3.3 MBI 8BB4 4 LR it

BETDANSTEEERNBTANEMR, EHAFHESEE 0~60V, BlEHH
RHOAMBERBE. AIRTRBEEBRENER, EAERLHA 0.9mm
HEAL, TAKE KRN 0.96mm, 20BKER, HABHEN: 27.52
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TRk K TE#HH208 3

/km, ZREBFH: 3.2314. HHAETHELHAAY, BHANBHOLE
BELBEKETH 700mER. BEMBEEEB T VAR AT, REKER
BN T ER, ERAER 10mm~20mm T AEHA, REGY
ZBEKMAXRERHA 30mm,

MNEHmEULZEE, XAFTRTANT KRGS ERBEEBRETHE
oM, HELHEIWTRMULEBHBENBHNELMSH.

3.3.1 RMHTEERSHITESH

ZFHEMRITOWN, ERMBERNY 2.5 ESHHEHNBRT, X 88
BEARBER: 10nm. 20mn. 30mn WMHEHBBNEFENEZETHE S
i, BETWE 3-4 FIxMESSHE. BHEES EHOME NS H
&, FEEUH STV EAEBRBRPOMER AR RNEE L.

ME 3-4 AILEHR, SAREBERMEBRMNEBRNBRERELHRY
FRIMMBEEEES (AR afEit), #FH RMBERFERB®R, 35T
MENBRESRD. BHETHR N o10mm MHEBRN BAERK ST~ &
M BRNBEXRBT 0.357; BHERTERN 020mn 1 5 2 28 75 W
WS EEAEMBBENEFEES 0.5TU L, BEBEETERN ¢30mn /Y B
BREBEERSEHmERNRBRNEEND 0.3127. HETUEH, BEE
BERAN 620 WBEMBRNBEERTATENHBRNEBEERTHER
A BB TR R PR i T 7R AR R R R R R E .

WEHEES, BHEMKDR:

R=1/(uS) (3.11)

R, BEEHKE

pu: MBRHHESE
S: Bt EmER

MENEBESUHEENXEN:

B=0®/S (3.12)

RF,B: RN R E

©: HEE S: WA EEM
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Fig.3-4 Magnetic distribution of electromagnetic inductor
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B (3.11) M (3.12) A&, EHAME. BHEBER. SBE K
MEART, RERMEUCFERGNBUANBEEMEME RN, HAERK
BOLHAFLOEENBBENEEDNR .

WEUUMBRGEEENBEEIERBENBOIFN A, B2 dm
MM Id, EREMNI4HHRENBEATHEENHBITIAERFEER
RE. BRI 20 WEBR T K BHENBERT 6100 § & B &% ©
MM MBRNARE, XEEN 10m WEBETHBATORMBENREE RR
BT 020mm BB SCHKHEHRAPLBENEE, BEATXHIMEREDE
HMAPLONENRCEELHAMBNBER AR AR REERE
AK, AEER (3.11) T4, EMEEERN 620nn W E BT 4 1,
EHHBEEORBEBENBERT 020nn BB S K WS &N R
o BR o30nm B L SHHE/DNT ¢20mn BHSK T BIME, B 630mm
MEBMETRBEENEENRKT 020mn B B BSOS B RN R
B, XXTEEBTHHERMPLOFEMNBBENEENN 1.487 (B 3-4c F
aM ) ZRTF O20mn B HER S EMNME =AM BENEE 2.00697
(B 3-4bF aimiit) AAEEX=AHEWEHBEEDSH, ¢20mm B
BREULULRBEAM N BHBERNERE.

3.3.2 HBHREILAHMBRERTESH

EHMENEN TP T AR BRREEES S A FoFEMTX
REERERW, Elk, ERHBEARHN 2.54, BEERN 020 E S K
HRAMBER T NEREESAANBHREBERATHES>H, RO B RAR
HYE. BEFRAREHOAIRER, SHRTAERE~ENES A
HITHESN, SFWHE 3-5fixn.

HE 3-5 AT, MR RAERFEEWMNBERESHB AR
NEERR®R, E2HANY, AURRALEMBNEER R, HETE
GBI BRERZ. AFEEERAXN, RLERAFRFENH D ER
BRHELHAHT. FUETFEREFENT S, ¥ANITAEBKENEZE
FREMMERLFREHE, EHEMNIS, ZERIBKITAESHENHIL
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Fig.3-5 Magnetic distribution of magnetic pole with different structure
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Fig.3-6 Analyses of protruding magnetic pole
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3.3.4 BHMBNBEMNIKETHHESH

WEFEIWBEBBENBNESE “BHR” WEZEFREE, EFRT
SRt ERBHEER, BHRARKER 2.54, NHBEBNFEMN IR
ETHHRAAMEX BB > HETHESI>N, HERWEI-THR.

Symmetrical e Core
axes d

B(T]

[ 2- L000e+000

# 1.8000e+000
1.5000e+000

1.2000e+000

7 2.0000e-001 '
gﬁ?gﬁs.uouoz-nm a Magnetlc flu

a
b
c
d
e
f

£ J 0..00000+000 density(T)

0 05 1 15 2 2%

Workpiece

, g B
. <~ -

B 3-THBBNEMIRETHNESZ A

Fig.3-7 Magnetic distribution of electromagnetic inductor in finishing status
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EHEBSTHMEBRRS TH (Vorkpiece) B R BMW M BENEE, 3+
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3.3. MMEMBERINMIEHEENBENEZIN

B FHBBRNBNEBEEIRBERY AMHY K, BEdFEaEB
BREMMEE (ME3-3) RETHUBENBERATRERE XK.

FERMBENBZATLEERNY 30nn, W% EEH 3200, BKEE&S
MERXHEDT4, BB SEERN ¢20om, EMITEEBHR 1. 2om, I ITH
AEERHMENEENSSHMEMAMNBEAT, M EES NI X &R #%
BYBHXRETHESNHLSFABEEE, FRNE 3-8 5.
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Fig.3-8 Relationship between electric current and magnetic flux density
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Fig.3-9 Relationship between working clearance and magnetic flux density
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Fig.3-10. Simulative and experimental curves of magnetic flux density at

characteristic point A
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Fig.3-11. Simulative and experimental curves of magnetic flux density

at characteristic point B
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MEEZREZERMA, WERKFE, WMARELEX, BEEFF LK
BXAK.,. BRERAAREEHEERE T HANMERNEFG, TARKEE
HME, FUAXSBEXREHBEEANFNUEFEN T RROFAE.

AV EEENTHHMMTEERIEMR

EXELBRERELRERSERAMEMRE, FIAABRKARN
“EXR”, BEHMERLRHEL, ABERHELTR. eEREZEMETF
HHAXEBOERET, EdHAMLPENER, RUFAEAMEN
MIERRERLEEFHFERP) B ERERAMEMLRE R T,

HUBBUTAEKNANE:

(VAFEEZMLROERENERXR, TURBEZEFRANER;

(2)3k & B T # K F & R xS R IE AR B R O A

GERZMKFEHNARABES, RUEMITR.

BREBHEGHMRSBERMEMILRES, HAE#E “BEHH
FRIERAESHEMEBE S FREBERMANARER. FHEHE

TERAEWPAELRWEMZ E, WHEFENI I ZSHHH
—SHREBTR, RIZEMERCETWEENENILENMITZHERSF
KREBMRAT, BHBETESHAE. FXEEE R & &S E W
TR i A i 7 it A B .
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FeHEEIAFEXER &8 MOCEXR, £XLXRAFTE, THE
F A, B, C, D, E, FAAILHEEE 1EFE 6%, FTEI1HEHIZTA
5l. BBEXLRBHEFTLR, ONANREEABERLEI 5% KF
M ER SR E HEERYWE 4-2. 43 Fix.

R4-1EXREBRRTRKF

Table.4-1 The orthogonal experiment factor and level

ES KF 1 KE 2 K3

A: BRIEEHS

1:6 1:5 1:4
TR RER
B: Witk ¥ & (rpm) 2000 2500 3000
C: fmn L8 B (mm) 0.8 1.0 1.2
D: Jgh W (4) 2.8 2.5 2.2

0.015 0.030 0. 045
(m/min)
F: m I & &

10 8 6
(min)

LREERKXAZWHASOEETABERENR, A EEER
WA 718, B XEHERE Ra=1.76um A4 ; WEBRIEMN, WI @R
KA 15x30mm. EX LR RN, ZEEANEFXFHEG M T REHRE
ErEm, REBERKFAE.

TERERREEIRBEMBATFKFELS:

(1) XFEF A, BN A FINME =0.4685, A, B3 {H =0.3343, A,

M3 E =0.4403, H P A,=0.3343 B/, BT A, B EMAKF.

(2) ¥THEHF B, A% B HME=0.5257, B, A3 =0.3340,B,

¥j{5=10.3735, HF B,=0.3340 %/, FFLL B, BEMAKFE.

(3) ¥FETFT C, BH CHIHYME=0.2743, C.HI¥{H=0.3572,C. #J

¥E=0.6117, R C,=0.2743 &/, Bk C. 2 EM%KFE.
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Table.4-2 Test data of surface roughness in the orthogonal experiment

x® % A B C D E F

5| 2 bn TR OH R
R 1 2 3 4 5 6 7 | B Ra(um)
B

1 1 1 1 1 1 1 1]0.264
2 1 2 2 2 2 2 210.522
3 1 3 3 3 3 3 310.764
4 2 1 1 2 2 3 3]0.516
5 2 2 2 3 3 1 1]0.232
6 2 3 3 1 1 2 2(0.444
7 3 1 2 1 3 2 310.432
8 3 2 3 2 1 3 1]0.62
9 3 3 1 3 2 1 2(0.586
10 1 1 3 3 2 2 1{0.965
11 1 2 1 1 3 3 2 [0.346
12 1 3 2 2 1 1 3 [0.2955
13 2 1 2 3 1 3 2 (0.601
14 2 2 3 1 2 1 310.3
15 2 3 1 2 3 2 1]0.222
16 3 1 3 2 3 1 2 |0.447
17 3 1 3 1 2 3]0.332
18 3 3 2 1 2 3 1 0.426

¥J1E =0.5010,

¥{E =0.3617,

(4) FHEFD, BADKBYME=0.3397, D, 1§ =0.4025,D; §Y

Ko D,=0.3397 &/,

BTl D B &AM K.

(5) FHEFE, BAHEMBME=0.3975, E,AMH =0.4840,E: 1y

HAd E,=0.3617 &/,
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(6) XXTHFF, BAA F.HHME=0.2575, F, i {E =0.4807,F, iy
¥ =0.5050, HF F,=0.2575 &/, FTUL F. 2B MHKFE.
FHELEBSIAMNENERAFHNEMRKFEEEREE, TUHE
6NMETHHEMAKFAERN (A2,B,C,D1L,E3,Fy), BMAEMUEHE NI F,
NERBRNESER&R TAEH A 1:5, BBEEE 2500r/min, tn T A B
0.8mm i BEH WA 2.84, HALEERN 0.045m/min, 0 T 6 8 10min, 7T LA
BIAREFHVMIHR.
K43 EXELREEHFER
Table.4-3 Analyses of test data

& F A B C D E F Ra(um)

R; 10.4685 0.5257 0.2743 0.3397 0.3975 0.2575 0.4870

&
K
F R, 10.3343 0.3440 0.3572 0.4025 0.4840 0.4807 0.3593 =
S.‘Z
b2

0.4619
E, 0.4403 0.3735 0.6117 0.5010 0.3617 0.5050 0.3968
Ra
S8, =
% % 0.04473 0.06057 0.11247 0.05377 0.04077 0.0825 0.04257 0.473380
389

ERAIFT, AMEEMHXPIRTUERZAATH FREOHBEN R
W MIERNYTIAXEHEHEERNEREX, EEEEMNI A, %
MEE. BDEEAR. ARESTEEERAEL, X THXEHAREEZ®
BEPMNRBEEE.

HTERAMAMEFREN ISRP B ERRBRESEO NI H
X, RARGCHEERS TRERANEREBRN B RESEZLON
ERTHBANR, ERUKE “BEHAN” FBHKEBRIRIE, HEX
ZEBUERE, MIXREHARE NWIXREARERFLR R
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Ra02um Ef . B A AN A S HEBEN SR ETEN TSRS
TR

4.2 MEHMERNEETELR
4.2 1 IRRERTESH

A 2B R A Z 800 R0 B B RS LR X T4 F T AT BT B
MILH. THEIANELRET. B, SBEFRFENFRL, HXKXAH SRM-1
(M HXEHRENENNEXNIREDERE Ra. X T TR KN WK
EMTXSEMBENBENRMLERE CTS-24 B /R 2 N 37 # 9T &
THE. SRNEXSHWE 44 Fix, WELXRPEFHXSHERER
W, BXELBRFETFTUERA.

RA-AHBHEHAEMLLIR S K

Table.4-4 Experimental parameter of magnetic abrasive finishing

- WHEAME ML 718, M TX K 30X20mm; LAF
FHREMEREME 1.6um~2.3um

fn L& sl

T A EH HEFR, BCHER: 20mm i BER: 10mm

Hh A% ¥ & 2500r/min

tn T 8] BR 1.2mm

Bl B ¥R Ui 2.54

B4 E 0.045m/min

fm T & A 4min

B ¥ WA EER 60 B

B B W R

REN 8OX40X8mn W W R BN 718, BT P20 XRE, YEZFH
HBZEBHEHSEN, B O3 EEERBI ALE, BEHAUTHAR: @
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EERERINALBEREANBOEFALERAOHEEERFIEAN@ER
BMAFFERAEL (fl: TFHFEXRR), BEZTBEEOWHURILK KR
MgE, UBH#ARANIOEERNESL. THNATRKEKEFGER
EEE, nXEHG. KE. AN ERERAGREABFREZEZR G &
MAREER, ATEER, TATERBEAFZERBAEIR, E4-#
HE (BRIE), (MAEAFFTETEMKEEAREIMLLE) WEFTH
B#i. HUERS REEHEME 4-5 frrbBl,

R 4-5 Hi & 718 ML B AM H 4 A
Table.4-5 Chemical composition and material properties of Plastic Die

Steel 718

EFBHELR D (%)

7B R
C Si Cr Ni Mn Mo

T E HB330-380; i Yt & in T % &,
WMHagEER

0.38 |0.3 2.0 1.0 1.4 0.2

422 X MBEEMENIRENEEIZSHSH

REBETEMNTIOE L, ZPRWEETENINRRRLZ, 465
FMEETEREENEARARZIANLR, 2WABHNILABREER
MARE:-MIXKEMOEBENEE, BRREE THRE Z @M EE, #
mMEIHZERANEE, BHEBEENRG. R, SHMNREE, @4
HEMNMIENE, DRIHAMMBEARTS. B2, ELEAKNAZENR
HEF, BHEEHNEEEBABBECEZBE, MURMNEXESAKEHE
BERHEANZWERETER ANB TN INZEUEBEN, EXEHA
ETRIMAMANE®. B, RELEMSN, AMAKELELNIX
MWW ENERE, MR, BREEUREETEN IR EEIETERY
M, HTHETENTILRHFAR.
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4.2.3 MMM EMIER oM

1) MBEBREMNED ERSETENIF, NMIXEKNERNERERRE
MEAMEBENEEAREZ —, MBNEBEN N XEEREZMEBENE
WIMEEHREE. EEREFRENIILIRES, XTI XK #EN
MR — AR U E BN A, T A R N R AT R R B U B4R AT DL RE RS
B, HS—FEH, EMIRABRRERMAN, BTEHERNRAFT N
BHE, MIKBMBENRESEENIMBROZEAT~ERRNEWL,
HEBHBIAHEEKE, BERYNBEELTEERNSG, BEAXERME S
REMBNRBREKRFEXRZSIMOER LI BB ER S W IR EHEEEX
REITHR.

B 4-1 RERECELRSEAR, RULRMHEBANFZHTH MK
BER.

0 HLAE AL Ra (um)

1 1.5 2 2.5 3
ik IR (A)

B4-1 BhEERN THERTDERENZ W

Fig. 4-1 Effects of electric current on surface roughness

mE 3-8 ME 4-1 a, YUEANBERIN, REEABEEEHMER
NBREMNEMARD. XEHTHBENBRERNSBUHRFEIRS,
WEEHEED, S IHNBNAREREE, BhREHEBEER D
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HERZER. MEMBNBENEN, BESREHIHK, HEEHH X,
EHIGE N, BMREAREER D BEREFMR. B8 KNREHM
H-eRBERE, WEBEEHE K. —FHE, FEAKZEIHXRENELER
EWMEIHROL, RETEREIHAZAMMENES, BFETEHH
BHAEN, B “BEA” WEHBEIANASRERT TR, THEX
HHEABEETHRRE: 5—F@E, BMNERLENERE B X, #1585
SEMNIAREMNNGERE, DEXGHEAREERTENE M.

HE 4-1 G5B 3-8 WM IRBMMBENBESRE B=1.2~1.4T £
AAURBRBEIHREOMEREE
2) mIBKFEMER NMTHBRREEURKGFES THRTZ B MBI, #

HELRSHAZHNERT,

BEATWE42HFZHERE R

REZEmMIEBHETHEETEN LR,

0.3

e

[\~

(<]
»—

0.2

R HEHLKE ERa (um)

on

1.2 1.4 1.6 L8
fin T (] B (mm)

2

2.2 2.4 2.6

BMa2mImBy IHEROERENRR

Fig.4-2 Effects of working clearance on surface roughness

HE3IOMMAMBRA—ENHELT, WIT ARG EMLSE MBI
ITXHBHEOZNL, EREZMBATHIXEEENBENZK. MIK

BEgBENBEERMNEMIABRXPMPREERKEL,

MR ERESESE

MIBMBHERTKD, ANERXEENLIEAROR TR, BRE
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EE&MTL.

HE 4-2 074, WMITAEEY 1.2mm i, TURBRINKXREHERE
B, mMIEKETXREPIBESHERTDMAREE Ra X,

MIMBEEX, —FE, FERNMEEBERFINBSBEIBRL, BR
BEEHDRAD, B IBRK: Z—FEH, BE3-9RBE 427 H, WI
BRI K, MMEMK, BMBENERERD, HEBEEIRAD, BEAER/RRE
M EEEEE XK.

mImEgEAN, —FH, BRENMTEHBRIFOBREMAEEERNRE
K¥E, NTHE “BER” ZBRMENGEN:; Z—F@E, B 3-9745,
tn TR, HMBENBEEHK, “BHB” NIEITX, WINESZETL
HRrREINHBRENRE, HELAFEFIAHAROHEBGEERTHE X,

E, THTFEUESHESEANIRABNE 1.2 EEFBRAIEE.
3 MBRHEBHREW MERNEEEERE THYE “BRB” 83h#&E,
BERLUBREZAE, BEASNIEMMHENEsEZEBE®, MIMHE
A, ERNEENEEEEZIERNE. HERKE. BHRER.
MIER,. BENEESZHEENEZEE. EHEHESHEAEZNERT,
R THBREERETHEABN IR, B TUOBEHAIHTIHER.

7 W R E n=1000~2500r/min Bf BB HEEBRR, BN THEE
MENREIBE, MEZREEBR, XODHEEEERDBER. K
HEMKI—-—cBERE, EBLIHERT, —FHEH, BRHSEERK
Bl #ERYILH R G, BEEREMT XSO KREREMK, BHl 880
F—FH, HERELSIEH KBS, FAMNIXHMRAL, Al
BMERRE, HFERAOAHNEAECZI RS, AN TERNIHRE
MTHERKE, FHAIHAXREING. EEEHI, FEHHRAB KRB
m, IHRAEEAS, EEBRHIEAR. XANEIIEIHEAEE,
MIMHEAERE. BLANRENS, TEHSATEENESERE
HuEMMBRK. NTERIHMNELARTDHEEE.

HE 4-3 05, BREEE 2500m/min EATTUBHBEHEENTHRE
i A
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F T MK B Ra (um)
o o
& & .

e
—_
o

0.1
0. 05 ] I 1 1 ]
1000 1500 2000 2500 3000 3500
BERRFEH (r/min)

B 4-3 R EEN T4 RIMAREENREW

Fig.4-3 Effects of rotate speed on surface roughness

O MIMEKEE EHRELXRSEAZNERLT, RBZmIwHik
THETELE, SEAXRLERWNE 4-4Fix.

ME4-4FH, ENITIFHE B, K HREZMEEEN K Im
wAh, AEed—BENEAMNHEMNIE, ITHRXREBHAREABRDMEER
B 8 3 E .

REBTHENY, IHAXORHERE, EXELELETTHREZH
B e, B C“BRRB” EXRERAREKN, BN ZX 8% E
BXTFIHMBEEH IBER, ERLEXIEFIRER, NTMESHERE
FETERER. GENT—CEHEBE, BRITHHEL, HEHEXER
2, BEHBEREEAR, EAMEERNTHENEAIBRHES S RESR
FHEE, FOBRNMEBLIANERATHERREEN ISR CHT
MIKE. EHERNFSENME CHUGE, B FHE “BHR” P8
R ESRN, BSERE, MEH TR, BHE “BERR” IR
MM, BAERNMHEEAER, BAFAFELNEBENIZSET
HREETERNUKR, ERTIGROAREEERE 4min 5 R B R
NEFFRBED -
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ZE T HLRE E Ra (um)

I LES 78 (in)

B 44 IR AN REDEAERNEW

Fig.4-4 Effects of finishing time on surface roughness

HE 4475, FEAIHREOBELD 4min WHBE G, W L& B H B
R RMEMHERER.

0. 1m  E

L———JO.lmm

(a) WFE® (b) HEJF
B4-5 THRELE

Fig.4-5 Surface profiles of the workpiece

5) MMWEMISZRRIE RELRER, EHEWNESHARE, EHA
WA 2.5A, MIERHA 1.2min, BREEA 2500r/min, N LE &K 4min
MR THITHESETE, THENIWENIENIHAEREREXA
Talysurf CLIS00 =4 X E MW B N#HTHW, 4R 0HE 4-5 iw.

EHEECEEET M LEXTOLS3I00 M THMMBEGNEN IHARE
B g AE, RER0E 4¢-6 Ffixn.
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150um

(a) 2D WF B &l (b) 2D HHEJF
B4-6 THREDEHEHE

Fig.4-6 Microscopic photographs of workpiece surface

4.3 KENE

FEHANARGEEBERNIAHAFPEAETEEABELSR, #HE
FERRIE., BREE. WMIER. HEBER. #S5EERNMINEE 6
AHRENROEAEENZR, XENMEEN 3 AKFHTERHAARA. &
HEXRERSNTBH: 6 MNEFHREMRKFHEAN (A,,B,,C1,D1,E;3,Fy),
MEMHEHEMN LY, EABRNESEREMTRELA 155, BREHRE
2500r/min, MM T E A 0.8mm BB A 2.84, B EEAN 0.045m/min,
mMIEE A 10min, JUBIAREFHMIHRE. EAREHRDIRTUE
HEAFRENTREHEENEZ®: MITEABY TFTIAXREHEENZ
MK X, BEERREMNINE., BREE., HEBR. BRNEEEERERS
MREL, WIA4XROHEAKEEZWEPIPORELSEE.

HTRSERNERYE, AZEENAKSHEBERY T4 FE#
ITHERELK. FEAENTIXEWBENEE. MIERKR. #KkE
EURBMETEMINBENFTEZRSHHBTHEABEN T SR HF
R, BHMERBAWMT .
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(1) BMENBEE: £—CHWTEAN, BEMBRNBEMNE X, ITHRK
HHREERBROEZENR, BHEANEEIE, MIXERTTEALM
THEXEHEAEEELSHANIE X, EEHRAIHREHNGHG. BN IT XK
MR BREA B=1.2~1.47T (A REBERA 2.54 5 F) HNARBHEK
W REMAREE.

(2) MIEER: ERMEER -, MIHNEREOETCEERZEREMNT
REBHHEBENBEREKRD, MITERBRE KBTI EARNFIAREDEREE
RaIE. MITHEHBRBEASGENTEERERE l.2onn £ A .

(3) WREE: EHREE n=1000~2500r/min B 5 0 5% H &R~
BRYTIHARAMBEZREEBR, REHBEEERDBER. BHKE
EAGIR, TUMHEEBHAIHMERSEELIMERAT LB, ANAA
MFREOHEEEMNRE.

(4) I EfE: ZEmIAFHMN B, &GS ERE NI [ K E N
MWmh. 2 4minHFEMTE, THROHREEECEIT —EREE,
XHBTFTEANBERNHBEE AR, TERCBASEZENEZEm, BRI
HREHEEEABTRED.
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TR TN RFE TEMEEEX

EHE HEHMETENI SRR

5.1 MO m#EEREBELY

5.1 LWBK

A LB KR Z AT R R RE YR U BB B3 MUK 3t T4 o T AT R U BB
MIE®R. THRELIERMNITE, XA KRS @ E &R #1788
MEXLR. THSNEREABELREG. F, EBFHEBFEHENBEE, HF
KM Talysurf CLISO0 BI=Z#REMEMN M E M TR EHKEE Ra. Xt T
TRABKETMHANIKEMNEBENEERHA LEEE CTS -24 ERXRBN
BEHEITNE.

LRHNEASHUR 5-1 in, WEXRIEHXSERESEK,
BEBELZRPLETHHA. SRATHERDE 5-1 fix, MO&REEKE
# A 50mm, T 40mm, K 80mm.

RS- 1UHETEMNTILRSH

Table.5-1 Experimental parameter of magnetic abrasive finishing

T4 458, THESHREHEREME:1.0um~1.3um
I M. &
T B Rk BRHL, ZLHR: 20mm B HEHR: 10mm
B A% ¥ 25007/min
o T TE R 1.0mm
JBh kB 2.54
i 0.050m/min
mIEE KK 8 &
B ¥ WEWMHEER 80 B
W B W I AR
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S5.1.2 HEMEMELIE S H

1) MBI SR BRI I T OX 4 RE R N GR EAE 8 — A M
REHAREAAEZHOEE, HERMBABERSHNENTM. &EE B
XAWE 5-2Fr. AETR, MENEEEENEBRKNEXTEX,
TR RER 2.048, BBRNBERKBLRNKR, BHLEHRZEERE
ERMBaRE KBS R D, BTRABBREERRKEER. #8. B
MABS THSENELRAAMNFLER -5, BAEXABKTER
M LA MAERBERTER 2.04 HEEWMEZNRE, 250 #
MM MR REE KRR,

a M@ T4 b. &L
B 5-1 [ /Y ff A9 T CAD # &Y

Fig.5-1 Model of workpiece with concave and convex surface

B 5-3 REHEMESHEAE, AXATHMUARMELMHTHI KK
BER.

HES5-2. B5-3W4a, AFHMBMERE— . E—cLEAN.BE
MIKEENBEE (AR MR, THROHEETHE. Eh#EE
R KE 2.54A B, TRNREHEBEEAFBEMBEBRMGRMmED. o
B 2.0ALLTH, IHXREHAEEMERBARNEMN TREHK
Wik, R KE 2400 EJE, T4 R M AR B BE RD R BB UR R K,
THRALKE, FEHBTFEFE, MEBARYKE 2545, THEREH
WEEAABER)D. RN THERNBERSN, BMBHRFLD, WHE
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7RI KETEm ¥R

EAEBD, STHEONIHRRRE. BERBNBEE M, BHRE
HEK, HEEHAMK, ZHREHHEE, KOHEREERREZ WK,

1.5
1.4 1
L3
.2

1.1

—8— M T4 X%

BBV IRAL(T)

—— ME T AN TXE

0.9

0.8
R R (A)

Bl 5-2 JBh kR IR 5 RN R KRR

Fig.5-2 Relationship between electric current and magnetic flux density

0.6

e
2

—o— i R RS

0.4 —-— RS

M KE 1% Ra (um)
(=]

0.2
0.1
0 % t i f
1 1.5 2 2.5 3
ol FE. (A)

B 5-3 JBh @k =B UL XY Hh T 2R M RE B B9 B2 W

Fig.5-3 Effects of electric current on surface roughness
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HE 5-2 448 5-3 774, x¥FMEIMANTX SR #ERNREE

Bl 3T EATMURBREMWIGREHERBE: ¥TFOEIA4MIXIERLN
MENEBELE B=1.2TEAATURE BT T /4= HEE.
2) mMIEBBKHER NMIAKERREURFTEANAZEINIHAREZ
FMEESR. EHELRSHEARAENEAT, K& M I 6 R IT B
MIER, B TWEHSAFITNEREGER. HE -4 ALLES, LR
EME N THEMITRBERN 1.0~2.0mn b, ¥ K B A FE T & g
M AT K, ERKBHEEE. MMITEEKEMN 2 Onn KX 2. 5mn &,
ITHEREHEELATHERNEK.

0.6

54
5

—— iR IHEREE
—8— VI R RE

e
w

FTHEREERa (un)
o o
[\ w

1 1.5 2 2.5
L & BRE (mm)

B 5-4 o T iR BR X i T R E M R B

Fig.5-4 Effects of working clearance on surface roughness

FER BB A 2.540, ¥ LB EE CTS -24 ERB N K F W& TN
ABFMIRBWETIHRELMEMENRE, WA NI X E# &N
BEAMNEMMEIAMIRSTENIENRHOXRRAWE 5-5 fix. B
B 5-5 W, BEEMIAKMNER, TRECEMNEIANIXKEERE
MEN TR, BANEEREEN TREME R A . I AR
KA, MFHEABRFHOEEORDMNEREDNXR, BEE L E KM
K, BBPROBMEER, BEBEK, BBNEREXSH.
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1.4 ¢
1.3
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W 1.2 r
]
el L
® 1.1
] —8— [7H T44%Hn T X3,
1 -
—— NH T TX
0.9
0.8 1 1 S
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B 5-5 bn I 18] BR XY Mk Rk N R RE I B W

Fig.5-5 Effects of working clearance on magnetic flux density

FEoB5-4. 5-5 A A, FHEHBLRAHGACTHERLT, Hm
THEER, BBRNBRERD, TEEHIBEELZ D, “BHRB” X THH
BHIGE XS, ITHROABEXEXE. AmIkEd e, THE
HX2E “BR B~ 8RS X 4E.

Es, XFHEOIHEEABESERNO M TRBEAE 1.0~1.5mEEK

hEE.
3) MREEMEW ABHABLRESHREIUGE “ERR” ki
REBFHEHREANH, ENIRE—EBELRETHKER, =
BWEHEEREESES, WINAEER, BEHEREELARBEEREG, ER
MEZITHER. BRNE. TEREE. BKEER. WIEE. #&
NEEZEENEERNE®. EHEUEAESH —CHNIER T, MEK
HBEBITELRAE, 4R0HE 5-6 fir.

HE S5-6 R, EHKEZE n=1000~1500r/min X [d] 58 & B % % & ¥
K, IHXROHABEIEEFEK. SEZRTUREE, ROEHERBETHRE
WA, BHEBEEE n=2500r/min i, HEAXRTOEARBEEEZIN R . RIHE
M BENINETS, A e EXUEARKREEMR, AL EA
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MTFIAMMEVEHNEREN, THREDEARBEXE MR, EHEK
EEEME-—ERERE, EBELCAMERT, BX., TEHSHEEBRR
EEMET R CH, BHEEIRS, TERTHBEEXEMER.

e
-~

o o
52 I o 2}

—o— MER AR
—a— R E A REE

FETENERIRa (um)
o o
w

e
0o

0.1

0
1000 1500 2000 2500 3000
BEARHEE (r/min)

Ms5-6 B FEENHORTHBEENE W

Fig.5-6 Effects of rotate speed on surface roughness

H o, MARBEE 2500r/min EATUMBEBMOMMEIHABSIRENT
4 R M RS .
HMIFEEREHER EHEHEAESHE —EWNERLT, SMEM L
HH T HEE#THEETELR, B3N, Y THREHBEESHER
BEEREXARMERMLEE (WHE 5-7)

HES-7TTUEE MOENREOEREEN T AT RE D4R,
BEFBREANB N TEALER: TEEERE 4 XK2F, THKXRE
HREMEFERENEMN, ROPBLRER.

EHMHEFEMIER 4 KA, A TRWAN, THRELHELES
SHBEE, XEMERAVERLONAEE KRR, BEBREILE
WA EERLER, FETHEREHEBEALRN AN RDHERER
AETH. BEIHREMNEN TR, XL s sgmBmEE DR
AN, BRYIBERABRZAME, EXEREE (4 K~8K) WILAREH
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RETHRERESE.

z —— ER TR
£0.4 —a— MR

TR RS
B 5-7 fn T vk o fh T R O REE KW

Fig.5-7 Effects of finishing time on surface roughness

MEEEXRESEEM, THRODLNEHEELET, VHERES,
BENIHRENFE. MAEFHRSEIHA, WXBEME (8 K~10
K)A, THRXEOHEEZHLERN, YTHXEHEHRERI—BEE)RE,
EAXEAEBETBENEE XRE KNG MFEK.

HES-7THM, HALIHREESLT 6B S KNEEMER, T
i B W B R R O R E
5 MMM EMIZTREIE BREULLRER, EHEWHESHALE,
FhEE R I A 2.54, DN TEBE R 1.0min, BEMREE R 2500r/min, MITEE
KREAH 8 RMBARATHITHAEANELR, THNITHENTEMNRER
Rz A Talysurf CLISO0O = XHM ENHITHH SR WE 5-8 fir.

ZUEM, ZDEAARTIZSHEMESEHABELRY, "EIHEMRE
AREEALBEATRAELAHATHMNE IAREEAREE. XEBHT—F
W, RASHEMSEANME LAY TRBEBRNSBERNEBEFEEAHLEAEMAR
MBBERT, EMBIHERBMEENIRRNBEEANEE, AT
BRTHEMEIESY, MAHEBEEAAFANEANABEESH, MEIM4XT
MUK A RTFOBEIHAREMODHE S, EHEFMNE T H4K0RETHEE
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BRE HEEEUENTRRIR

HEALKMAIAMREOARER. 5—FHE, MAIAHAHTFIARR
M HLE B IAERERERBREXITM~ENBELN, FHNTRE
EHMEBEHAMAER, SEBSVMEAIARETN “BHE” KEATLA
IH, BMAIARENEALBEEREEECR ST IAR. RLERE
HEe44HAMEBAT, MEIANEEHEBERERTOEIANREMNR
&

O. Imm 0
a [V @ BF B8 AY
v
A
/ B
0 & % 0.5
. Smm f%
c MEHEF d ™ HEHE S

B 5-8 T & % M % &

Fig.5-8 Surface profiles of workpiece
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FREREITTHNE, EAXEHEHBERETEE 0.25um. BRAREF K
MEBFEEHAENER.
RS2 HMUETEMIXLRZHK

Table.5-2 Experimental parameter of magnetic abrasive finishing

T # K 45
b T ME. 4|
TARABE®K HERL, BEHER 20mm, B ERZ 15mm
W A% % & 2500r/min
hn T (A BR 1.2mm
Ji W B 2.54
HAEE 0.060m/min
T EE KK 3K
B K WA EER 100 H
ot B W R

5.2.2 (S EthEMESW

D EABEREREIN EHAAENTYS, PHHBRENERRES,
Mt ER ., BANBEE. MITER., mI e[, EEEE. nIHE
Z, HFRKBorEWMEENHAOABENFAABENEMAEELIMHERA.
BE, HEAXFHUETABN I CUERAEGHNARAKRA, Kb, FAH
HXBHHABEAHIRBEEEMN R EZ —v2,

ALEX TFHRANBEDE R XA = & %03 B 1 oF B WK 2 17 oF B8
mMI. ¥FHAANMEAHTHUWERLGED, AHELAHF—EHBER
T, BRXATHRBEMIME, MAEBAHOD LS ANHERREER
HE, TAENMEBEEFEZER. O THEAHESAHMA AT L,
WEEREYS, EEAABRPHA (WHE 5-9 (b) A &), B BHZRH
BEMAHY, MEEBERK. TEEMAANEXR, HEEHLSBER
N, FEFE5-9(b) WIBAXAHEEEIT HED.
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Fig.5-9 Photograph of concave and convex mould
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Fig.5-10 Schematic of resort phenomenon about magnetic abrasives
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Fig.5-11 Schematic of magnetic abrasives distribution on magnetic pole with
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BHZIAABRRAEAAESALEPR N, TREEBBRORE LB MK
TILAHEYE “BHE” (XBEEWES-11HR) « EEBRNAER#ED R
FEAFTFENBERS, RRAITHEER RERREERNES .
X E-EBREARTHNIEMAARIRNBEEERNTEIE, F
REHEEHIHE.
2) MMMEZH TR BEREIREXFLREZBERNYN THRT &
TOHKNERE, BENNEFIRAEEEZZRABENNTRER. %%,
FEHBEREHTANMINENEEFABRBRAEERN.
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ELGFEHES, EXAEESENMBEZSNE, WRAIAEEEARD,
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(1) BBANBEE: XTUEAIAHAMIXEMEENBREE B=1.3T £
AAUKBREFN THAREHEER; T O8I M40 X R - NR
BEBL2ITEATURBREM I HREEAREE.

56



FRE HERETE NI ERHA
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