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Experimental Study of Diamond Scroll Saw Ultrasonic Cutting SiC
ZHANG Jie', YANG Run’, LI Shujuan', LI Yan'
(1. Faculty of Mechanical and Precision Instrument Engineering, Xi’ an University of Technology,Xi’ an 710048, China;
2. XAUT Crystal Growing Technology Co Ltd,Xi’ an 710077, China)

Abstract; Based on the relationship between processing parameters and cutting force under wire saw fixed
diamond abrasive cutting SiC single crystal wafers, this paper studies mechanism for each parameters in-
fluencing on the cutting force and the wire saw wear has effect to surface quality of SiC single crystal wa-
fers, the single factor experiment for processing parameters infuencing on cutting force and surface topog-
raphy is conducted. The results show that: the wire saw with ultrasonic vibration cutting reduce signifi-
cantly the average main cutting force than that in ordinary wire saw cutting. Compare with the wire saw ve-
locity and part rotation, the part feedrate influence on cutting force more obvious and increasing the am-
plitude lead to expand directly the dynamic chip space between wire saw-part which is benefit to chip out-
flowing. It is critical that resonable choice processing parameters, especially the part feedrate and vibra-
tion amplitude, to the balance of the cutting force and dynamic chip space.

Key words: wire saw fixed diamond abrasive; vibration cutting; cutting force

W SiC 5 fh W T 0T A8 AN I 47 K, At PR G e
HAT TR il S AL RE LT B o iy S5 45, SiCAR
DRy R R R DR B S 1 ST L R
el BRARRDRL, 76 B T A foR T iR B 1 E
YERTo SiC R AR Dy — ol B JE A1 ORL, U0 R 02
il i 1 A 1) B Y o AR B U AR A A
[e) , VI3 AT 43 b S v R A DR R S i AR
HORTIE IS

YRS HER: 2011-10-16
E£WA:

505 F (2010K09-01) .
EEEN:

SRR B S S AR R NN
SFETOIR oL IE s AR VI E LK AER D)
HRE o Horp KB D) S A AR R T RS D)
FIEOAR . AT RIS I F 5 vk th T Rk
JR AT, Fh IR B, B f % ol g PR
o EEE ORI AR o B I e Bl A IR B
FRRVIBOR R4 — 2RI Tk %07k
R E 50 R A AR, AT HR D) T/ i RS

[ % QAP ERE G I H (51175420) s BPY48 BF T 90 H (11JK0849, 1115074 ) 5 B P4 45 B2 AR T K i

5K (1985-) , 2, BRPGIE F A B A W58 05 1) S BE G A L A DT RIH0R o E-mail : bingjie1985118@ 126. com,,

ZEIUH (1968-) , 22, BRPUTHIMON , 8%, 105, 0P 77 1 9 in Tad 245 o E-mail : shujuanli@ xaut. edu. en,



86

VU2 BT R 2274 (2012) 55 28 545 1 4]

IR 06 BRSO AR, [ A
P AERR N Ty AT T AOC SR Y R
LRI TT AR LB TR, B M — B [ R 2 1
5 X SR AE SR R, T D 4R S U o S
Bz — W, AR AR5 1) T #5206 7 T A F 5T
AR IEHIE BRI J5 1 P TEAR WARTE

AR X iR s U0 E A D) 0 B SRR, A
PG 07 3k, NBRIE b 45 I 1 PR o 1) i
JE TR T AF e R $la 1) 7 (5 i A2 AL
HE RN ST 148 22 BEI0) SiC R TTE AR A2,
ARAFHL/ NI 11 010 0 A0 S 4 2 v o e E T
{EES YU

1 IWEESEG

1.1 IGJHEIE

A3 U0 AH L, R 3l U0 ol 2 45 T B
(LA ) 0 LA 25 75 1] — R A3 e I i i P 3l
L3R B4 3% 22 01 %1 10 05 28 A2 S ik b b1 07 2
HI T3 b 7 VAT — € V0 B N BE 5 A AU Ak e e fin
BB o 2 R RS 8 I T 5 TR [ R, A
F T8 P IR 3 R — FR IR A T HBOR B2
L FITERUBR N T f) 2% A U, A ST F A 52 3 AL
PR H1 WXD170 BUTESL 5 M7 28 Jie 2 r D) AL S0
M (S WIE 1), X J7 15 B 8l °F- 5 4772 : 180 ~ 300
mm , 45 3 B Al ¥ AE 0. 005 ~ 18 mm/min 2 [8],
Y )i m #% 37 & 47 #E: 180 ~ 300 mm, JiE §% ¥ J
£ 0 ~36 r/min Z[A], AT S 4 WA 2 5 LR A1
B R DI E

o

R E e
Fig.1 Experimental equipment
PR VIR PR bR IR 22 sk 3, i — B
HELEYIF G R B A6 g o3 B i Ta] W i ey 32 1) 1 5
e, FUR RN 2 FR o

iy

/I

Lo qi ) ¢

B
") !
h i h
N 7/ \ "
) ' |
N \
(b)
K2 frshbrklsA sz sh b
Fig.2 The basic movement analysis chart of vibration cutting
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Tab.1 The cutting force under different vibration amplitude

PEE/mm  0.0012  0.0015  0.001 38 0.002 1
F/N 0.4370 0.34625 0.40287 0.329 19
F./N 0.506 5 0.40890 0.50210 0.474 07
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Tab.2 The cutting force under different wire saw velocity

V./(m/s) 1.3 1.6 1.9 2.2

F/N 1.4492 0.7802 0.5485 0.407 3
F//N 2.1910 1.1330 0.7388 0.440 1
F /N 1.5569 0.8250 0.6530 0.429 2
F!/N 2.6340 1.646 9  0.999 8 0.749 0
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Tab.3 The cutting force under different feed rate

a,/(mm/min)  0.025 0.05 0.08 0.10
F /N 0.4633  0.5485 0.7735  0.936 2
F//N 0.6256 0.7330 0.9278 1.6193
F./N 0.5184  0.629 1 0.8291 1.1375
F'/N 0.8330 0.9998 1.4321 1.8526
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Tab.4 The cutting force under different

rotational speed of workpiece

n,/(r/min) 8 12 16 20

F/N 0.520 1 0.4649 0.3736 0.426 0
FI/N 0.7437 0.7388  0.608 1 0.701 7
F./N 0.6680 0.5883  0.4807 0.579 0
F!/N 0.8845 0.9201 0.856 8 0.999 8
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Fig.3 The SEM topography before and after sawing wire worn
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Fig.4 The SEM microscopic topography of cutting surface of SiC single crystal
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