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Influence of ultrasonic vibration on specific sawing energy of monocrystalline silicon

CHEN Jianbin, SHEN Jianyun, WANG Jiangquan, XU Xipeng

(College of Mechanical Engineering & Automation, Huagiao University, Xiamen 361021, China)

Abstract; Ultrasonic vibration can improve the properties of hard-brittle material. In order to explore the
influence of ulirasonic vibration on sawing specific energy of monocrystalline silicon, experimental on sawing
monicrystalline silicon was conducted with and without ultrasonic vibration assisted conditions using thin
diamond blade sawing. The result shows that ultrasonic vibration can decrease sawing specific energy. With the
increasing of cutting thickness of single abrasive, the specific energy always fall down, but ultrasonic vibration
changes the exponentially decreasing trend of specific sawing energy in normal cutting mode into a good linear
decreasing. Ultrasonic vibration changes the way the materials removal of monicrystalline silicon from plastic
removal into brittle fracture and broken way become micro-broken, which reduce the energy consumption of
material removal without serious damage in the surface. Ultrasonic vibration will have softening effects on
monocrystalline silicon, as well as high speed impact action, which will produce large amount of microcrack of
monocrystalline silicon. Thus, ultrasonic vibration has a well prospect for development in machining
monocrystalline silicon.

Keywords : ultrasonic vibration; hard-brittle material ; thin diamond blade ; monocrysralline silicon; specific energy

BB by — o B R A AR R A
FA GRS GIR A i 5 {5 B U 453
TN AR B BE A H 0 e e v 8 2%

Y F5 HEA: 2016-05-03. [ &% H AR A1 ; 2016—-11-17.
EETER. FRARBIAIS (51275181) ; EHF K ENFT 4B
ABTRE 18 F TR BE B H (1511303004 ) .

EEEAY: RGN (1993—) , B W05k,
BEEE. P x,E-mail :jlanyun@ hqu.edu.cn.

RREMERD AR — R MR R, B
B v T R A AR S AR Tk R 2%, &
PEINT SR & R AE N Tad # b2 8] 7 — 1
B ], 3k AR A% G2 i ML 17 32 Ao 1 T2 %)
B RESEAT I T B A BT S e R
B 5 1) BB A i T A58 I B S o T T o
7 1) L 75 e 20 S 1 DU R 25 AR AT S 11 0 DA B4
WAL 2 3 o A 25 5 DDA S — o TR g A



514 WREIH , 45 7 iR Sl 0t 8 i ik B U0 U RE A 52 - 63 -

AN T 7 SR T8 VI ek, AR A4 1
TR, X ot R G R U 0 A R WA T
i) S LT RSN S S

P IR S A B A DI T2 — Mo AL e
T AR T 45 & E R 9 THOAR , h Tl
PRENATIA AR Tl e i TR TR = A v
gttty T T 7 A ARRE, AR TR AR
Fe, DR P AR 2l B A DG T R A AR B9
I A i ACRT LB e A AR i
H D T ot A5 38 PR e, 3R T 4545 FH kAR
o7 3 A BN

ARSCAE A e 0 4808 75 Ik 3, AT 6
W7 Al ) SR A R T DD R R R IS4
M 5 Xk HE A I P R Sl U1 21 R A D) L RED
TSI, $#R2 M 7 i 3l 98 U 3k A v B fE X 2R
FERRH .

1 A7 4k sh 4 AR 0 AT

1.1 BERNBEVIERFE

FR P R S T i B Ay 2o 7 R R N
W R AR 7 AR s LR 15 AR e AT LA
PRBNE"T, 28 M FF X FLIR MR 2E A7 K A% 34 3
BT RE A b A O B R E T — A P —
05 ) AR P IR B0, 45 A e S bR 2 Bk T 5
AR T,

R B R DR E AR ) S R s 2 A
LRI 785, 86 A b BB A A Bl DT X Y
SER | B AR

d
x =wt +isin(21‘rﬁ), (1)

d, d,
y = ?b - ?bcos(ZﬂTft) - Asin(27fi + ¢°).(2)

oo W TR  d NP R BAR f 0l
PRSI ; A Sy PRI 5 @° o P P R 31140
HAAE.
1.2 BEREII e

TESR DR D, BB T B R FR AL KL T
THAE R BEI PR 8 U LU BE (A48 B RL 25 bR B0 1A
B BHITHFE R DR ) B B AT, Enl L
B W U1 e v B KL 55 A R 22 8] A AR LA HTAIL
HU e EAESC R BIROR LB T7 3 A 0 P 5
FERE DI B2 i AR A LA R Bl U0 58 M 25 AR DD L
AE T LAZRG i S e 5 W £ 40 e 1) Sl DD 1k B R B
BARRRE R RTINS IS B R RS
HHEY] HE RN, Fam AR Ty 2025 B R 44
FUBEEHI (1 BEFEARAG. H8 U L e R A=

Fo

U= bv‘as : (3)

Ko OISR D) 156 AHRVIERE.
1.3 BERNBVIRFENSAVIEIEEER

FERE DI AR b, 4 A 15 A L4 W
XA BRI T U I 25 2 25 BRA TR A5 Rk, 5
AT N kL ) B K V) HL R BE R, X —
A T i R v L R i AR AZ 1Y
AT LR E A 7R L R e Y T AR S R
ARG 1) F K VTR A AR KIS &

FEESE AR Y 7 2 R B A 1) B K U
JEBE (h,, ) ITRAZCH

hm:( 3 W “] (4)
Ctan 0 v, A d,
.0 S BE R TRHE A1 I — 21 L 6=60°; C I
DA R TE B B AL R A, AR LR IR C =
45 Fi/mm’ ;d_RHE AR,

MEFRBR R (Q,) T2 48 B A7 I5F [i] 9 44 411
FBRIARRR, B RAE RN T — 23545

2 ERREL I &M

21 XWEE

By o2k ok & b, 8% U] J7 ok B KISTLER
9257B 8 = Ja] H HL ff AR TN 7 AR I, 38 3F DEWE
B R AR 7R 40 5 B S B R AT R AR R4 AT, R
A iONEN Y ERE R RUNS L (e & 815358 1571 o W /5813 2 U
R E R B SR E 1 TR,

@ i O
Hugese  ABIRAT A | UIEITR .
\ T
=1 DEWE %04
FD: I [RsE RS
moa | T
)
e | s\ ] |

ok |

B1 BFREFEVIIREETSEMIYE
Fig.1 Schematic map(a) and physical map(b) of ultrasonic

vibration sawing device
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