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Sawing of optical glass assisted with ultrasonic vibration
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Abstract; Based on ultrasonic vibration added in radial direction of saw-cutting ultra-thin abrasive
cutting wheel, two kind of optical glasses with different physical properties were fabricated to explore
the influence of radial ultrasonic vibration on saw-cutting process. The sawing force and sawing
energy were deduced theoretically, and the cutting paths of single abrasive in conventional and
ultrasonic assisted sawings were represented. Then K9 glass and quartz glass were machined by
ultrasonic assisted sawing, during the process the effects of ultrasonic vibration on sawing force and
sawing energy were tested. Experimental results show that, compared with common sawing method,
apart from influence of processing parameters, ultrasonic vibration can reduce the sawing forces in the
processes of K9 and quartz by 30%—50% and 50%—65% respectively, and the specific energies
accordingly by 30%—45% and 50%—60%. Radial ultrasonic vibration-assisted sawing breaks the
material slightly and reduces the sawing force and sawing energy. therefore can promote sawing
efficiency of optical glass materials and improve processing quality.

Key words: optical glass; sawing; radial ultrasonic vibration

Wi B H3:2016-02-20;1&1T H #3:2016-03-25.
EE£WMB:FXARBFIEETIT H (No. 51275181)



1616 . KT 55 24 %
BEOO IR Y A LA R A 1 R
1 3 F
A K B 27 R A 5 5 56 Yo 5“% |
PR LA T 5 2 A LA 38 FE 5 A 2% b [/ \ R ¢
b%#%@ﬁ%ﬂt%tfﬂm JiT. K9 B qu/ O ﬁﬂ ER(G N T
. ; 1L HE S R VAR i \ \ e /!
Bl B0 Ot 27 bR, 23 5T R B0 1 fk & \ A\ ///, «Q&t
B B T SR I B 11 e D R x\“jr oy A
B RO I SR L T BB S — L A sz—lhfﬂif

Tk 110 5 o i 38, 3 B 3o Ak SR A 2 , T LA B Y
Ik fh A L O A R B R R I LA R
(10 5 2 375 P R v TR s s SR AR S SR 1Y
e ek o e 3 TR Y 2 B e LA v L o M
R TR ME N B0 2= ook . A g Ty
TR AR 25 G 1 L A A R 3 T AN I 3% T (0 45 4
PRl T T 2 5 22 DD ) — B ) — DR G T2 A
A T A 21 ) A G R P 5 oK

Wit 25 AR B fin T vk T L S e A B o Ty ik
(10 17 Y o TS A ' 2 A e £ T ) R A — o
BE RAR R T fdet R B A R A R RE
% IR 3 ARG I T R B0 4 P D L BiE K ) LA fif
F#34i  IF B C AR A O 5 . AR SOR
A7 TG IR 3h i B U0 A R O O K9 3% 58 R A
PP IEATHR I, AR 7 I G OR [6] 4 B RE
(14 6 2 T 35 114 5 1

2.1 BEHEBBETINE

TEA G T 75 2 B A3l 2 % e ) Ak
BB e A ol 9B A R Y O HL™ AR R S0, A
TR e A A O R R R L T AE R R AR TR
VB L E A R R A i 5 DT A T 2 T 7 AR AR
TR SR R ISE 7 (88 T A 2 T B SOk 8 B &
BRBAAHY B, 5 TR A 25 B 4t 04 10 5 D) 23 A
TCAE R AR A B Jin B i o T R
HYIMA—J5 W 7E— & R B L AR 7 AR A2
LT A 5 KBk 5 5 — J5 123 /s T 3R T Y

B 1 S B U R B R
Fig. 1 Schematic diagram of ultrasonic assisted sawing

process

2.2 EREVIEEEBRSW
2.2.1 %wmAhLHhwyH

B D) 1 B v, 4 BRI R B R R A fi Y
1 55 90 1 WA R SR D 1 4y Rk FL R F
PSR o<d..F, Ml FAlERI%ETF F,
ME, Hh o MG, d BB RFERM .,
Ce W R #av)ikm Jy F, 5901 01 Fo @ lefd i T
L RE, 7 HOB R TR A R 2 B O s
e 2Bt

7 Al Bl U0 e, R P I 1 68 A5 SR 4 R
iz sh B 5 4% g8 m Ty XA & R K X3 .
R 7 Al B 406 D) 2 3 30 405 D) 5 7 R 3h B T Y
ZEAIN TR 4 A b BRI KL 7 4 U5 X (9 32
R

x:uNhL%sin(ant), (D

y:%*%wd%ﬂrﬁmm%ﬂ+@-@>

Kb, WIEBWBESEE, d AT EHR, [
IR, A PRI . o S HE R HE E R
BB
2.2.2 AEburL AR o AT

U] e BE 2 18 R4 Ul ad B b K Bk TAF R
PR AR BT 14 #E 19 AE i (2 48 BB R 2 B B
UM RE I IS RE R T ) . BRU) L RE /)N , 25 B AH [



57

VRS 25, 45 AR 1) 75 A 0 Al B A0 D7) Ol ~ B B 1617

PREBE LB 11 B FEARAR  JOH B AU T

o Flvs-
buya,”

2.2.3 AR IR

A 30 2 A 0 T R g 2 R
[ VR T IE LY . FRIEHE 3 A] DB e s T AR % %
TR 8 DA RN A BE . 75 4 00 v — A B s 1)
JASA P B AL U 97 59 YT ffy K A s ] 55 3 3
BrO)A B AR, B 2 SR T B R A T 3 4 )
L5 7 IR sh A I s G b AR

TAFF
/ﬁ
q~ a8
<< /A Hesinnghie
\ j il o 25

%k D) A

il m’\?O

I FEh I

(€D

2 7 PR 240 D) AU Ge 4R D) S kL 0 D) ) B A2
Fig. 2 Cutting paths of abrasive in ultrasonic assisted

and conventional sawings
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Fig. 3 Experimental setup of ultrasonic vibration

assisted sawing
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Tab.1 Physical properties of two glasses

PR i3 K9 3% 55
B/ (geem ) 2.2 2.52
LR/ GPa 77.8 88
THN 0.17 0.209
G HV/GPa 13.433 4,287 5
Wr 2 )1/ GPa 1. 644 5.232
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Fig.4 Sawing forces of optical glass ws. cutting depth

with and without assistant of ultrasonic vibration
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Fig. 5 Sawing forces of optical glasses vs. feed rate with

and without assistant of ultrasonic vibration
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Fig. 6 Sawing forces of optical glasses wvs. rotate speed

with and without assistant of ultrasonic vibration
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Fig. 7 Specific sawing energy of optical glass ws. cutting depth
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Fig. 8 Specific sawing energy of optical glass ws. feed rate
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Fig. 9 Specific sawing energy of optical glass ws. rotate speed
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Fig. 10 SEM images of kerf of K9 glass
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