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ABSTRACT: The work aims to explore the surface formation mechanism of optical glass with different physical properties by
cutting process and the effects of radial ultrasonic impact on the surface characteristics during rotary ultrasonic sawing (RUS).
Firstly, the hardness and fracture toughness of two optical glasses, K9 and quartz, were compared through micro-indentation
experiment, and the respective critical cutting depth were calculated simultaneously. Secondly, the finite element simulation of
single grain cutting was carried out by LS-DYNA to figure out surface formation mechanism of optical glass with different
physical qualities. Then, the influence of radial ultrasonic vibration on the surface characteristics of optical glass with different

physical properties was analyzed by RUS and conditional sawing (CS) experiments. The fracture toughness of K9 and quartz
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glass was 5.232 MPa-m®> and 1.644 MPa-m®° respectively and the critical cutting depth was 4.288 um and 0.012 um respec-

tively. The simulation results demonstrated that the maximum cutting depth of single grain was increased from 1.1767 pm to

8.001 pum by ultrasonic frequency impact in processing. From the cutting experiment results of quartz and K9 glass, for K9

glass, the roughness and peak-to-valley of the bottom of groove after RUS were significantly lower than that by conditional

sawing, while for quartz glass, the decreasing was not obvious. Owing to the higher cutting depth of single grain by ultrasonic

vibration, the material removal mode of K9 glass could be transformed into brittle fracture removal mode from partial plastic

removal, which makes micro-chipping of surface. The surface roughness is improved by avoiding large area cracking and cracks

in conditional machining. Attributed to the lower critical cutting depth of the quartz glass, the removal mode of the quartz glass

in conventional sawing is brittle removal. Therefore, the effect of ultrasonic vibration is smaller, does not affect the surface

roughness significantly.

KEY WORDS: rotary ultrasonic sawing; optical glass; surface formation mechanism; micro-indentation; single grain cutting
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Fig.1 Indentation morphology of two kinds of optical glasses under different loads: a) K9 glass; b) quartz glass
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Tab.1 Calculation results of K9 glass Vickers hardness (HV)

Pressure/g 25 50 100 200 500 1000 Average hardness
Diagonal length of 11.86 16.68 25.00 30.37 39.12 55.62
indentation/um 11.60 16.21 24.90 30.87 39.58 56.11
HV 337.0 342.9 297.99 395.6 598.8 594.2 427.7

®2 AREBUERBETHELER
Tab.2 Calculation results of quartz glass Vickers hardness (HV)

Pressure/g 25 50 100 200 500 Average hardness
Diagonal length of 6.21 7.62 11.23 16.68 21.42
indentation/pm 5.92 8.79 10.95 16.77 20.80
HV 1260.4 1377.3 1507.9 13259 1248.4 1344.0
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Tab.3 Calculation results of fracture toughness of K9 glass

Parameters Value
Pressure/g 25 50 100 200 500 1000
Average diagonal length of indentation/pm 11.60 16.45 24.95 30.62 39.35 55.87
Average radius of indentation/um 5.80 8.22 12.48 15.31 19.68 27.93
Average length of crack/um 6.62 16.00 26.43 36.18 55.46 84.97
Lla 1.14 1.95 2.12 2.36 2.82 3.01
HV/GPa 3.305 3.363 2.922 3.880 5.873 5.828
Average static fracture toughness/(MPa-m®) 5.232
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Tab.4 Calculation results of fracture toughness of quartz glass

Parameters Value
Pressure/g 25 50 100 200 300
Average diagonal length of indentation/pm 6.06 8.21 11.09 16.73 21.11
Average radius of indentation/um 3.03 4.10 5.55 8.36 10.56
Average length of crack/pum 4.94 5.90 10.61 16.14 21.41
Lla 1.63 1.44 1.91 1.93 2.02
HV/GPa 12.361 13.508 14.788 13.004 12.244
Average static fracture toughness/(MPa-m®) 1.644
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Fig.2 Finite element simulation results of single abrasive cutting: a) K9 glass; b) Quartz glass
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Fig.3 Setup for sawing experiment platform
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Tab.5 Parameters of sawing experiments

Sawing tests with and without
ultrasonic assisted,
with coolant liquid

Sawing method

Rotary

speed/(r-min") 900 1300,

1700, 2100

Workpiece feed rate

O 100, 200, 300, 400
Vy/(mm-min~)

Sawing depth a,/um 30, 60, 90, 120
Amplitude 4/pm 1~3

Frequency f/kHz 28

Bl 4 GRS KO B -5 4 SeBIN TIE S m Xt L

Fig.4 Comparison of effects on the surface morphology of K9 glass (a) and quartz glass (b) with and without ultrasonic vibration
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Fig.5 Comparison of influence of sawing depth on
groove bottom roughness
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Fig.6 Comparison of influence of feed rate on
groove bottom roughness
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groove bottom roughness



- 288 - * wm #H R

2019 42 A

X 5. B 6. B 7w, MR SRR T
FbA B VA RS AR - B MR P, SIEARE P,
(B o B PSR SNIM T 62233 T RS AW 2l f v
FMR ™, b e 2 e 10 s 2 Bk st B8 A0 [ 30 0 L
SRR/, SR GO R AR T AR U A A
YRR P, WEARME Py FTLL, FEEEFEHRSI T ]
FAGHLRE B AR AR, TR TR, M
TR HR TR, G2 B B 1) A A IS SRR R 5 LA )
puN 20 AP IO iiTh 21T o NI I - 37 B 1 B2 TR
BRNE] P, P, (H L, UEAHIFERE RS IR SR VI8t
B R PR SR R | I B K R 2R B
BSHER Y B MR R P, S5 IEE P, RIS IR
LN

4 L5k

1) 33k 3 AR IR S 56 DA R A 5 8 203 3 T A
KO B 18 10 45 300 [) M g A Pk R sy, PR i T DX el
I, YEICHEEE ) 4275 GPa, WiZi¥tEN 5.232
MPa-m®®; 7 S B () 2 FCRE LI A 13.433 GPa, W
28PN 1.644 MPa-m®>, Jf H i T S8 B A0 16 5L
VIR B /N T K9 3SRl LU HITR B, R eAE
TN T R v B 25 5 A P T S A

2) TETCHE YR sh A bl A v, oS 1 A K
YIHIREE R 1.1767 pum, /NF K9 BEES K T4 5Bk
B EIG LU, i KO BEES N VEARIE i1
PR M MEtEWT Y TETE A B DI R b, R
J5 T 4 P A ) S RS TR B 4 =5 ok 8.001 pum, K
T KO BEI A I AT R BE , il KO 338 I A8 B
AR SRy WE P T 2L TGS A DB 3 1) i VR M A AR R MRS
K, U B 75 iR sl o6 W S M R sk B B R D
AL A VY 50 52 3K

3 ) VR RS AL B 5 O S ) IS Y 1 e B
XA, TR B2 5K B K9 BEES 1)
MR, A T 2o, 8 )2 7 A S
=S i N < o ) | I S B2 WRala A NI T AL 3 L €
TR T 88 AP 3 T REL RS B2 7 Ay 0 B8 1) 9 Tl RS 2 1)
AV NN

ST -

(1] BRBEYE, M, 2R, 45 BEEBOL iR m e
SURAFFELT]. T EDE2E, 2010(4): 318-324.
CHEN Xiao-ping, WANG Peng, LI Jun-feng, et al. Study
on surface micro-cracks of vitreous optics[J]. Chinese op-
tics, 2010(4): 318-324.

[2] ZHAO Pei-yi, ZHOU Ming, ZHANG Yuan-Jing, et al.
Surface roughness prediction model in ultrasonic vibra-

tion assisted grinding of BK7 optical glass[J]. Journal of

[4]

[10]

[11]

Central South University, 2018, 25(2): 277-286.

FRIT, RIS, BRIK, SF. U BIE B0 A b
RREREEEID). YRS TR, 2014, 22(10): 2659-2666.
GUO Bing, ZHAO Qing-liang, CHEN Bing, et al. Preci-
sion grinding of optical glasses by laser micro-structured
grinding wheels[J]. Optics and precision engineering,
2014, 22(10): 2659-2666.

Ihi, skafe, BEE. B RS BB N T ek G 5
T BE BEBE AR RE I ST [0). R ELAR, 2017, 46(8):
115-119.

MA Chao, ZHANG lJian-hua, TAO Guo-can. Wear and
friction properties of titanium alloy surface subject to ul-
trasonic vibration assisted milling[J]. Surface technology,
2017, 46(8): 115-119.

ERUE. AT EARM] dbat: fhs Tl e,
2005.

CAO Feng-guo. Ultrasonic machining technology[M].
Beijing: Chemical Industry Press, 2005.

sk, B, ZEUUE, . A NIA LS RS
SiC 01 1 i S oE ). VE 2 H TR 224, 2012,
28(1): 85-89.

ZHANG Jie, YANG Run, LI Shu-juan, et al. Experimen-
tal study of diamond scroll saw ultrasonic cutting SiC[J].
Journal of Xi'an University of Technology, 2012, 28(1):
85-89.

QIU Xiao-ming, KUMAGAI S, TASHINO F, et al. Dic-
ing process with ultrasonic vibration [C]//Proceedings of
the JSPE semestrial meeting. Japan: The Japan Society
for Precision Engineering, 2009: 997-998.

6] 2%, 8P 4R Sl Al B D0 S TR 50 P S HILBE A 5 (D).
JEI]: ARy, 2014,

XIANG Xin. Study on ultrasonic vibration assistant sawing
mechanism for alumina ceramics[D]. Xiamen: Huaqiao
University, 2014.

W=, PR, FI04, . RS iU R8s
B IR FHERR[I]. HUR T R4, 2017, 53(17): 202-
208.

SHEN Jian-yun, CHEN Jian-bin, WANG Jiang-quan, et
al. Study on manufacturing of radial ultrasonic sawing
system and its application[J]. Journal of mechanical en-
gineering, 2017, 53(17): 202-208.

ZARUDI I, ZHANG Liang-chi, SWAIN M. Behavior of
monocrystalline silicon under cyclic microindentations
with a spherical indenter[J]. Applied physics letters, 2003,
82(7): 1027-1029.

B3R, TNSS &)@ M REERTEIH (T ELID BN % JE HIH,
ARWFFED]. MR MR TR, 2010.

TONG Fu-qgiang. Research on ultra-precision ELID grinding



Fagt 2

LB 5 - A P 518 U ' B (1 3 T2 U LBR F 5 - 289 -

[12]

technology of TN85 cermet spherical coupling[D]. Harbin:
Harbin Institute of Technology, 2010.

LQUGIER M T. New formula for indentation toughness
in ceramics[J]. Journal of materials science letters, 1987,
6(3): 355-356.

SRIPAT. DG BB AR BRI A PR W ()], 415 AL
K5 AN THA, 2011(9): 28-33.

ZHANG Kun-ling. Research on ductile-regime grinding
to aspheric profile of optical glass[J]. Modular machine

tool & automatic manufacturing technique, 2011(9): 28-33.

[14]

R4 S, BEHIEORBE S N HIM]. FOLEPE. JTLH:
ARALR A7 A, 2002.

MALKIN S. Grinding technology theory and applications
of machining with abrasives|[M]. CAI Guang-qi trans-
lated. Shenyang: Northeastern University Press, 2002.
SR S RS A B BRSBTS (D). TR
IZR KA, 2007.

ZHANG Hong-li. Study on the technology and mecha-
nism of ultrasonic vibration assisted grinding[D]. Jinan:

Shandong University, 2007.



