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Prediction Method and Measurement of the Depth of Subsurface
Damage of Glass-Ceramic by Lapping Process

Xiang Yong Ren Jie Bai Manshe Chen Jing Zhang Jinkuan
(Flight Automatic Control Research Institute, Xi'an, Shaanxi 710065, China)

Abstract The process of abrasive machining in lapping is considered as a moving sharp indentor subjected to normal
force and tangential force. Based on indentation fracture mechanics theory, the grinding stresses of material, the
location of median crack initiation and the direction of median crack propagation beneath an abrasive are analyzed.
The calculation formula of median crack propagation length is analyzed by synthetically considering the contribution of
elastic stress field, residual stress field and tangential force beneath the abrasive. A theoretical model of relationship
between subsurface damage and surface roughness is established. A method of magnetorheological finishing (MRF)
spot technique is proposed to the depth of subsurface damage. Predicted results are compared with experimental
results, result shows that the error between predicted results and experimental results is less than 5. 56% . The
theoretical model can be used for prediction the depth of subsurface damage of optical materials in lapping process

rapidly, expediently and accurately.
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Fig. 2 Stress field under the action of normal load
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Fig. 3 Angular variables under the action of normal load
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Fig. 7 Enlarged drawing of section L in Fig. 6

BRI Ty 000 S5 Ao (3 BB BR B ) 45 % ) i
IR ZS T HBA L PR S Bl B T 20 0 9 5 A abrasive
A B R TE R 7 B P A T i LA L T R S 2 lateral G pnd
2 87 [ 1) BT 3 — 52 BB, 6L H1 oy 21 20
05

0 deflection angle
of median crack
S 05 8 b1 R 5 9 1) 7 ) P 7 A R
10 Fig. 8 Crack systems induced by a sharp indenter under
. the action of normal load and tangential load
0, ./
-15 . T A 1 B9 2 B D) 1) 28 i Xof o 07 28 S0 i) A 8

S TEAE B L 410 160 28195 %F Hh {67 28 50 K 8 1 S W P T
v 0 Wl ) R R T S (8) 3R

6 PRV R AT T RN A R w = oy (r)/(F,/8xr). (8)

Fig. 6 Angular variables under the action of normal

K AS IR B 0 1) 28407 55 95 17 AT P BEAED A ARAC®)
AFH 7 U0 ) 347 R [N 115 @ A IR 22 ) ) %
0708006-4

load and tangential load



DR

okt BB T S o I MV % TR 408 3 % R O s R

KA N9 R IIEIFE i BEA 200 EUE A 19 A 1B
B V1) i) AT R TR oo A B R AR IS T X IO Y £
JE o (EALZ Wi 3G R 7= A 1 o 7 ZRSUPi  f JE
K 3 LU (E A R BRI o BT T 90°, e i
U A e R BT R ARG . V) 1) e 5 0 [
T B RAE I S L A B @ (IR 1 P

Affection gactor
of tangential load
NN

HLOONN=HO O

SUIOUIOUIOTIOTIOTIONO TN

-15-10 -05 0 05 1.0 15 2.0
Radian of ¢ /(°)

B9 BY R A K15 o IR 22 (B A9 X I O¢ R
Fig. 9 Relationshap between the radian of angle

¢ and affection factor of tangential load
Conway" " 1l i BF 58 & Bl i 2 a0 K JE 54
[6] 47 5 Wi Y 5 oF 7 Z ] R IR R R e’ el

PR K
21 Y] e 5 B - B d R I X R I AR B o
Table 1 Maximum value of affection factor of tangential

load correspond to angle ¢

. Affection factor of Location of
Load ration A

tangential load @  maximum ¢ /(%)

0 1 0
0.15 1.01 9.25
0.5 1. 107 15.42

1 1. 378 26.6
1.5 1. 741 33.76

2 2.15 37.77
2.5 2.585 41.21

3 3.034 43.79

D) 1) 28457 52 0 (R 1 U A0 8 A R TR .
SN a2 IO k=R s S BUR LN ERZ VW A LAV 34 g )
PR L I FLRE (8 rp 07 2 805 3 T 18 i A — 4 i
. 1115 U 1) 284y Xof 98 'k AL o0 AR B/ IR 2545 % )8
D) i) AT 9 1) A B P 2H 0 X R SRS R
TURRJE 15 H AR SUR BT A 08

(1—m)2/3

(cot ¢)* <K£{>“w) }cos . (9

D) 1) 2300 0 2 ok R 1) 2R 0 L A2 Bl 7 1) i B
— A BE L AEUR AR 17 R SO BE AT W L U A 1]
BT I RLIZ B T 1) 1) T BERE T — I E . AR
B R HOHLKE BE PV {E A 1) L BCTRE 0

b= 0.43 Gsin ' Ceot 0 () (57)

1/2

(10)

W B 2T LAY v A 2R SOUR BE A R 3% 1 43 )2

TR (SSD . dssp) « K5 48 [n] 2 SR B2 A S i T 5 il 4

(9 ERURSE 2 PV (B, T 22 3R A5 BIF B J5URL 1) 28 o

PR L R HE A L R 57 (9) 20 (10) 27 2 2 o
PJ5fs:

desy — [1+ G/ y)  w” o 1

0.43"* (sin ¢)*”*

2m
o LR an

1 (11 A5 i L W3R 53475 TR B2 SSD 5 3% il
B (SR, S S AR LA 56 & L I 3 T 43 4 TR BE ey 41
THR T 1K) T 2 e O 1) 80 52 W LR 1 | AP S 2R S
W oy T2 A T ML B2 G [ P E

3 BRI 3 v A5 A7 F0 ASE AR S I i
3.1 iGH&

e ®30 mm X5 mm [ Zerodur {3 5k B 5 (i
PEREI T 90 GPa, %5 [LAH E 6. 2 GPa, # 25 W 249
290.9 MPa « m'®) - [ 5 A Ay BF & a4, 4 WD F
JER SRR AR 43 ) W40 W28 W14 W7, F 5 1K
20~25 kPa, BFEER (] 5.5 h, R 5 0 il T
TR o 7 A= 114 0. 3% 1] 24 80 )2 TR B U o
3.2 METREARYERENE

W I TG 0 = R S A SR FH A I A Y B A
AT 0 2% T S0 TR B I e, S50 R Y B R 2
FAR K26 19 MRF2006 % 3t A2 9 6 WL IR 76 1 B
I 3R 2 T AN A BE S . 4 W40 BIF B I
B O T3S PR 30 pm, 2 W28 BB J i
FEE N TBE SR E 20 pm, £ W14 W J5 38 74 2% 1
I CBE S RE 10 pm 22 W7 BF B8 Ji5 38 08 2 1 fin T
BERMREE 7 pms R E B R F AW EE R 2260 HF
P2 VA VP T ot 2 e, JB YRR B DR FEAE 20 CL R
WOL I B M B EE (KEYENCE VK-9710, H A %}
ZACUZHEAT LI AN 5 . PRI SE IS S T 50 P PR
ANAR 64~ BE A1 00 P S8 {6 AR R 2 E S i

0708006-5



(a) 0.5 um under surface

(d) 5.5 pm under surface

(b) 2.3 pum unde

(e) 6.8 um under surface

(¢) 4.6 pm under surface

( 8.45 um under surface

10 ol B 36 0T 5 O TP % T 28 80 W F 1 (15000 )
Fig. 10 Subsurface damage (SSD) micrographs of glass-ceramic after lapping process (15000 X)
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Table 2 Measurement results of the depth of

SSD by grinding process

Grinding condition The depth of SSD /pum

W40 28.336
W28 19. 958
W14 8. 367
W7 3.962
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Table 3 Measurement results of surface roughness

PV by grinding process

Grinding condition Surface roughness PV /um

W40 4. 867
w28 3. 549
W14 1. 889
w7 1.026
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Table 4 Error between existing models, new models and experimental results

Predict value

Error between existing

Predict value Error between new

Grinding  Experimental
of existing models and experimental of the new models and Experimental
condition results /pm
models results /% models results /%

W40 28. 336 32.634 10. 90 29. 346 3.41

W28 19. 958 22.719 16. 40 19. 261 3.75

W14 8. 367 9.739 13. 80 8. 308 3.43

W7 3.962 4.394 15.10 3. 881 5.56
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