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Experimental Study on Measurement and Controlling of the Depth of Subsurface Damage of

Glass-Ceramic
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[ABSTRACT] For the subsurface damage layer of
glass-ceramic materials in grinding process, a combined
method of MRF spot technique and HF acid differential
chemical etch rate method is proposed to measure the
depth of subsurface crack layer and thickness of residual
stress layer, For the subsurface damage layer of glass-
ceramic materials in polishing process, a method of etch
bench height change is proposed to measure the depth of
subsurface layer. A combined method of super-low sub-
surface damage is proposed on the basis of accurate detec-
tion of subsurface damage depth caused by lapping and
polishing. Through comparison between the depth of sub-
surface damage processed by combined method and tradi-
tional method, the result showed that combined method for
the suppression effect of subsurface damage is more ob-
vious, the super-low sub-surface damage of glass-ceramic
is acquired by the combined method is proved through the
experiment.
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Fig.1 Subsurface damage micrographs of glass—ceramic after lapping process
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Fig.3 Curve of differential chemical etch acceleration
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Fig.4 Diagram of subsurface plastic scratch after polishing
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Fig.5 Change curve of chemical etch step height rate
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Fig.8 Contrast diagram of subsurface damage by two
processing condition

4 Zig

AR SR Xl A B 3 A LT B A ' sk AR e
A T R TR PR P R R A T S g o, FE AR A B R 1
PR BE AR B E P2 — AR R E B R & T 1T
20, AT T SRR IR IR, BUAS HH An R 45

(1) ZEE G AR PDICRE 2575 HF [R22 8y [k Z1) 3 5
TRAER M I 5 2R N T T B B Y S R
TS0 SRR 12 TREE .

(2) R HMZI 5 i s B AR fb a3 4 R I & 4Dl
T AR AR A R A TR EE o

(13 ) 2 700 Tt B B A R o 1 I 9 T 2 40 M 1 R
TR AN L, B2 0 T —FP B I R P e R e

(F#%257)

2015 4E55 19 W) - s EEAR 21



CNC MACHINING TECHNOLOGY ﬁﬁhuiﬁ*

& O SR LR B 5 TS B RS0 i v i 1w A
Y5E T3 K 200mm/min PR FEH K 1700r/min B, 74
V2 B T I 1A 2 i o e e e o

£ 0.08

3

= 0.07

B .06

ES 400 D

= 005 &

= 300 &

® 1700 TS

1800 200 ,3;9

_— 1900 ¥
PAEREH /iy X

B9 SREHEMEE 5 200 E 3 thE
Fig.9 Surfaces diagram of Surface roughness
and influence factors

4 %ig

(1) 7 WC-Co BF)ZBEH R b, 2 T ibFe T
57 T R PR A2 T R e X B ) S 5 T e P B M e
R

(2) fE s R v, 5 3 Ak T 1678~19191/
min DX JE]ERE 2 070 3 8 XoF 3 T RELRE 52 M S8 00 58 sl B hy
B, 2458 T3 1 400mm/min 724 200mm/min, 244
FE LR B AT 219% , iR 5 S ok 25 1 i 2 14 4 <7
MR

(3)3EJTEE SW e 2 A7 E L C &R, Ak
WHE T 3 55 7 ] P 2[RI ANV, 5k 2 1 A2 1 o
HFRAIL,

(4)EAPA KRR RN LR,
ok HH 2 DR B 15 10 25 5 DR 28 22 ) B B A A Y =—
0.211964+0.000137344%5+0.000909151%v-4.55394F —
07*s*v, A LIA Y, 243E JT# R 200mm/min, #P5E 54
Sk 1700v/min B, V2 B 1) (%) 2 1T I 2 05 1= o

& % X #t

[1] Wielage B, Wank A, Pokhmurska H, et al. Development
and trends in HVOF spraying technology.Surface&Coating Technology,
2006(201): 2032-2037.

[2] Murthy J] K N, Rao D S, Venkataraman B. Effcet of grinding
on the erosion behavior of a WC—Co—Cr coating deposited by HVOF and
detonation gun spray processes. Wear,2001(249): 592-600.

[3] S7E IR, 58] EHABER WO U2 =
IR . R AR SHLUR , 2012(6):49-52.

[4] g, XE R ATSE AT HE AT CrC-25%NiCr IR)2
FATE SIEE SR AR PERED 52 . 47 (282, 2008(12):98-101.

Gi%i £%)

(L% 21 R)

ST T2 @ v e E & T A SE5 T A Tk
R TR O, 45 SR I B A0 T 2% I R A
IHERCRAE R I, S R TR E A T T 20
DS BRRR AV IV 26 T 463 4 A e v R 1

& % X

[1] Camp D W, Kozlowski M R, Sheehan L. M, et al. Subsurface
damage and polishing compound affect the 355—-nm laser damage threshold
of fused silica surfaces. Proceedings of SPIE, 1998 ,3244: 356— 364.

[2] Tian Ailing, Wang Chunhui, Jiang Zhuangde, et al. Study on
key algorithm in scanning whitelight interferometry. Proc. of SPIE, 2008,
7155:71552N1-71552N8.

[3] BUIJSM, HOUTENK K V. Three-body abrasion o f brittle
materials as studied by lapping . Wear, 1993(166):237-245.

[4] XEEf, Boib2e, o . OCET i g I R B B A A
Se2FA % TR, 2006, 14(2):159-166.

[5] FINE KR, GARBE R, GIP T, et al. Non—destructive, real time
direct measurement of subsurface damage.SPIE,2005,5799: 105-110.

[6] Feit M D, Rubenchik A M. Influence of subsurface cracks on
laser induced surface damage. Proceedings of SPIE,2004,5273: 264-272.

[7] Kamimura T, Akamatsu S, Yamamot o M, et al. Enhancement of
surface damage resistance by removing a subsurface damage in fused silica.
Proceedings of SPIE,2004,5273:244-249.

[8] Stolz C J, Menapace J A, Schaff ers K I, et al . Laser damage
initiation and growth of antireflection coated S=-FAP crystal surfaces
prepared by pitch lap and magnetorheological finishing. Proceedings of
SPIE,2005,5991: 449 455.

[9] Mansurov G M, Mamedov R K, Sudarushkin A S, et al. Study
of the nature of a polished quart z—glass surface by ellipsometric and
SpectroscopicMethods. Optical Spectroscopy, 1982,52(5) : 509- 513.

[10] Fut, RFF), 8, 5. SeFAhRHIE 2 i 5 4
TG S HZma L. OGP %5 T AR, 2008, 16(1):16-21.

[11] o0, B — W, 32 /INaik , 35 R UA A8 30 T 83 S 1) I 36 T 4
BIEH T2 Ao TR, 2010, 18(1):162-167.

[12] ZE2&Mh, B, 580,55 . FE T ORI T S4000) W 3% i i
E BN AR 7T . HLAR T RE4,2000,45(2):192-198.

[13] SHENJ, LIU SH H, YI K, et al. Subsurface damage in optical
substrates.Optik, 2005, 116(6):288-294.

[14] PAPEMORY S, SCHMID A W. Laser—introduced surface
damage of optical materials: Absorption sources, initiation, growth, and
mitigation.Laser—Induced Damage in Optical Materials. Bellingham,
USA:SPIE, 2008 ,7132:7132]1-7132]28.

[15] KW, At , 2% 45, 55 REUEMDLHOR . DL % T
##,1999,7(5):1-8.

[16] RANDIJ A, LAMBROPOULOS J C, JACOBS S D. Subsurface
damage in some single crystalline optical materials. Applied tics,2005,
44(12): 2241-2249.

[17] 2N ARG G R I S RO ARBISY D). K
A PEREE B LA S MU T, 1999.

(Vi %)

2015 4E 55 19 W] - parblisE AR 25



