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Fig. 1 Schematic of magnetic induction free

abrasive wire sawing
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Fig. 2 Schematic of force analysis on magnetic abrasive

grain in 2D control volume
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Fig. 3 Magnetic force partitions around the wire
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Fig. 4 Simulation results of the trajectory of

magnetic abrasive grain
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Fig. 5 Experimental platform of observation
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free abrasive wire sawing

®2 EKBEUEBZHEEMN

Table 2 Experimental condition of wire sawing

HORFERR S8
22 2 H) PN 222k
AR /m s 2.0
LRI /mm - min™ 05
PGB /m 60
ik J1/MPa 0.2
TP P L 50 K % 30
Bi22 F A% /mm 0.4

42 VIEEEMNLEERSHH

I AE AR T A kB 10 > 5 7E B s i Y
FCR 200 435 S A BRAR I ) A v R, AR
e R ORI, 550K 8 s, MEH AT LA L 7E
1E B B R B DI E H  UISETERE R 485.112 pum,

500

b c
SN AT

K8 UIAEVEEER] L

Fig. 8 Comparison of kerf loss

T A R % 7 i 25 P R e A V) vp | XY 037 7 1) A T
T A 25 5 ) B, V) 4% 58 5 e /N R 480.996 pum,
FLRE 5 #E 07 10 B A8 Ak, V4% 56 BE 38 K, Y k3 )y
[ = M I o7 12y sl [ S 7 2 -3 N
496.802 pm,

T B S R A VI F v, W 4l 2245 1) (R 2R 85 1)
FR R E AR 9 BTN, HR AR B 22 A0 T A 0 A X A
e 22 JR IR U0 X SRT LA 43 Sk U0 I T AL
RO T o ABIE 5T (B AT 250 A 45 R Ay W o A i
24 T PO PR R . B 24 AR R R AR R
&% e 1) U F 0 T A SRR & S
i PR AR G B R LR AR DT E R AN 9a
FIT7R BT 2 AR Al 22 1) 5 s sh A0 A B X 3,
R A7) 1) DXl %) P R ROAR 2 o A O TR N i S
BRI E b, S/ 07 0 AT F AR 4G 07 1)
i, AP S 3 ik DX 1 1) S0 T o S A7 B ) T
R ) SR 2 AR AF R R I P S R A7 3 1 e 0 K, XE A
508 2 RO T AP T2 A, 2 A5 R X DN ) e S A A7
SNAIRET TN RN 25 5 508 22 R U) S0 T L 42
fid W5 A LTS T 1) B R T 22 0 2 AR BN Y B
W, FLY) 4% B R /N, AR ob IR 5 4G T I 5
T A28 97 1) e F R amra B, 1 )00 T A 3K
JE I ER RGN, AT 6% 9E B HE I, A&l 9 P 4
W3 77 18] 5 T AR 25 07 1) J& F A /2 B MIRORG DX
1) L0 SO T 0 e A e W o U0 S o A
LTI TR P AT R A RS T, SO 4 T R AR K

—&=

7 . )

c. H=4.78x10" A/m, B==m/4 b. H=4.78%10" A/m, B=m/2
K9 i m LA IHI R
Fig. 9 Schematic of magnetic induction free abrasive wire

sawing in wire diameter direction



134 s BEE: ST X RENE ALY B ) SR B DDA SERE RN WS 147

5 & &

A 5% 5 T G IR N Ui 5 S R U R B
T, ST TORG M B R AR HE D) XA Y Bl ) 2
FEARY R A FRICEF COMSOL Multiphysics f B
WF5E T #3771 Xof P s oK By g R 1 S
FEAEAT EAF 5T 0 JE Al 14 T B R R X000 51 6
AL B VW-6000/5000 375 = 4k 5 30 R 48645
. J&] [l P S R I B HAE AT SR IR R Y, 4 AR R T AE
1% 5 it B9 B R 2 D) B v, A /D G B R R
T AR BH 7 s B T 22 B AR 23 A W B R 1)
A R T W SR N Ui B B AR AR AR U E R g
VLR ek W B A B 22 3R 1w, HLBE A G 35 0 1 1 AR
A, 16 B ANV B A AT T R T ) ) B 2
N, BV R 1X, v S o A2 B0 W A3 i 3 LT
Y7 0] O Bl 22 A, B0 35 R DX, e S R 2 3 IR )
AN, RS IR EE E T 5 B A5 R IE
Witk . fJE i 7E WXD170 B 52 4 NIl A7 48 Jig i o5,
VIEIBL 3R 07 1 A% G 5 B b 2 9 RS [R) i 37 O
Ti] 1 B T SR i S B o 4 A ) R X L S 8, BT O
T WS T 0 T DI 2 T8 R g . 25 SRR
8377 10 AT F A% R 45 5 e B, TR D) 4 5E
JE B /IS, A G N e S B R 2 R DD, R T
B KR AR ) B 90 B, v B B R R A B R AR
i, WG 5 10 N5 T AR T 1 AT RCE dER
1B I Bl S R S it S R 2 e ) E R
A B

(&% 30 Hk]

(1] EXXH, B &, B W kRS R msk 6k R
HFIRRSE TERESZ I AT ST LT ]. R IHAE =4, 2015, 36
(2): 387—391.

(1] Wang Wenchang, Lu Chun, Gu Hao. Study on effect of
viscosity and surface tension on stability of cutting fluid
for wire saw[J ]. Acta Energiae Solaris Sinica, 2015, 36
(2): 387—391.

[2]  Fathi M, Mefoued A, Messaoud A, et al. Cost-effective
photovoltaics with silicon material [1]. Physics Procedia,
2009, 2(3): 751—757.

(3] Eaik, UFEME, 2 i, 5 IR AR DI E 5
KWEFELT ] hE TR, 2012, 14(11): 94—98.

(3]

(5]

(6]

(7]

(7]

(8]

9]

[10]

(11]

[12]

Wang Jinsheng, Yao Chunyan, Peng Wei, et al.
Experimental study of free abrasive wire sawing for multi-
strands wire [ ] ]. Engineering Sciences, 2012, 14(11):
94—98.

Shwinde S, Berg M, Kunert M. New potential for
reduction of kerf loss and wire consumption in multi-
wire sawing [J]. Solar Energy Materials & Solar Cells,
2015, 136: 44—47.

Anspach O, Hurka B, Sunder K. Structured wire: from
single wire experiments to multi-crystalline silicon wafer
mass production [J]. Solar Energy Materials & Solar
Cells, 2014, 131: 58—63.

FEOE, R B R S REVEADRE M. BOM W
TLRAE A, 2006, 1—35.

Yan Mi, Peng Xiaoling. Fundamentals of magnetism and
magnetic materials [M ]. Hangzhou: Zhejiang University
Press, 2006, 1—35.

XU, G AL w2 (M. Kb
#, 1994, 8—120.

Liu Shuyi. Magnetoelectricity separation [M]. Changsha:

R kR i

Central South University of Technology Press, 1994,
8—120.
A, Kuna M. Numerical and

experimental investigations of micromechanical process

Nassauer B, Hess

during wire sawing [J]. International Journal of Solids
and Structures, 2014, 51(14): 2656—2665.

WA, A, B TR I Je:
e Tl R ik, 2011, 127—155.

Huang Weixing, Li Jianming, Xiao Zeyi. Engineering
fluid mechanics [M]. Beijing: Chemical Industry Press,
2011, 127—155.

Ritterr ] E A, Ebner A I D, Daniel K D, et al.
of high
principles to magnetic drug targeting[J]. Journal of
Magnetism and Magnetic Materials, 2004, 280(2-3) :
184—201.

Application gradient magnetic separation

Birss R, Dennis B, Gerber R. Particle capture on the
upstream and downstream side of wires in HGMS [J].
IEEE Transactions on Magnets, 1979, 15(5): 1362—
1363.

Beesley J G, Schonholzer U. Slicing 80 micrometer
wafers-process parameters in the lower dimensions [ A ].
Proceedings of the 22nd European PVSEC [C]. Milan:
EPFL Press, 2007, 956—962.



148 K FH it 39%:

o>
i

STUDY ON EFFECT OF MAGNETIC FIELD ORIENTATION ON THE
KINEMATIC CHARACTERISTIC OF MAGNETIC
ABRASIVE GRAIN AND KERF LOSS

Zhang Wei, Xu Xuefeng, Yao Chunyan, Li Hejie, Liu Kun

(Key Laboratory of Special Purpose Equipment and Advanced Processing Technology , Ministry of Education,
Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: A kinematic model of magnetic abrasive grain under different magnetic field orientations is set up and it is
studied by FEM software COMSOL Multiphysics. A direct observation on the adsorption of magnetic abrasive grain is
performed at an experimental platform using high speed photography, which verifies the simulation results. Traditional
free abrasive wire sawing and magnetic induction free abrasive wire sawing experiments under different orientations are
done for optical glass K9. The results show that the kerf loss of K9 is minimum when the magnetic field orientation is
parallel to the work-piece feed direction, which also validates the effectiveness of adding uniform magnetic field in free
abrasive wire sawing method.

Keywords: sawing; magnetic field; abrasives; motion analysis; magnetization



