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Abstract: The rotational speed of the lapping plate is a key parameter in fixed-abrasive lapping, which di-
rectly affects the surface roughness and flatness of fused quartz. To determine the optimal speed for fused
quartz lapping and to analyze the influence of speed on abrasive trajectories and the wear uniformity of the
lapping pad. A quantitative coordinate model of abrasives was established based on the actual arrangement

of abrasive blocks. Through coordinate transformation, the abrasive trajectory equation was derived. Us-
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ing grid partitioning and trajectory discretization, the trajectory uniformity was evaluated, while the effec-
tive contact trajectory length of each abrasive on the workpiece surface was statistically analyzed to assess
pad wear distribution. The coefficient of variation was employed to characterize the wear uniformity of the
lapping pad. Fused quartz lapping experiments were carried out to compare the surface roughness and flat-
ness under different rotational speeds. Both simulation and experimental results indicate that the effects of
lapping plate speed on abrasive trajectory uniformity and pad wear uniformity are consistent, showing im-
provement with increasing speed; however, when the plate speed and fixture speed form a simple integer
ratio, uniformity deteriorates significantly. At 46 r/min, the abrasive trajectories become complex, lead-
ing to optimal trajectory and wear uniformity, with the best surface roughness and flatness obtained, S, =
112. 31 nm and PV = 4. 26 pum, respectively. This study provides theoretical guidance and practical refer-
ence for optimizing the lapping plate speed and improving wear uniformity in fixed-abrasive lapping.
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DA B 48 vhote o B A 3l A bR R O,-X, Y, i 4k
b R BE AT S AR W D e e iz ol 5 (2) B Tk B
HUD B AR AR R O,-X, Y5 (3) LT Hp s by v
B JR EB AR AR B O,-X, Yo e FHIF IS 3 5 ¢ Horpopy

T =x,cos(2nn,t — 2nn,t )+ y, sin (2nn,t — 2rn,t)—

Vo= —x, sin(2mn,t —
2.3 BEERLHL R AR B E R S M R AT
2.3.1 BEE#iEh i
R GETT I Y A B T T R O K
j%reﬂﬁmﬁﬁﬁ HOCECE N N, WE 4RTR K
55 kA BRI Bl LI B R B R )R A — R
BN ELS, ST F 5 R R 0 R A T R S
i B4 RS BRI B R e e B BRU(E Y TR
(LN e W BB B o [ 1, N, ] 3 3 ik Ty BT A7
B R, RIS BT R T A% X3 B K Y
5.
S 2% BRI, R PE N IR 2 A 1
K AR SR8 CVAE R Bl ¥ 2 M 0 ¥ M 8 4

Trajectory Trajectory point
TT I
e S TN
Discretization fchee. == i )
“ed o1 N _f\
—_— \ ..“ ~ ,‘1. ’
.f - = =
2
. LIl
Workpiece Grid elements

P4 R RS A R B IR
Fig.4 Schematic diagram of abrasive particle trajectory

discretization

2rn,t )+ y, cos (2mn,t —

B 0 B (O, O, Z M FEES ) L e, o T4 5 3 A
O RO EE (O, O, Z RN EE ) o

X T BB A b AT B — B R A, AR R A
Meh IL=1[x,,y,, 1] ¢0FZI0F, BF 55 & 5% /1 0, R
2nnyt, Se B AR 0,8 2rnte AR AR R 0,-X,Y, RIS
AR R O-X, Y, Z ) 5 A5 B T, -
cosf, —sind, —e
T,=|sing, cosd, O (6)
0 0 1
R R O-X, Y, N O,-X, Y, 22 8] 1 55 3 56 15

T.h:

cos@, —sinl, e,cosl,
Tw!sinﬁ,l cosf, e,sind, | (7)
0 0 1
JEB L AR XS T A B A bR AR B T LR IR
I,=T,'1,1,. (8)
$ 2 6), (O AEIK (8) Hr, 1] DL 3k 15 %
RARXT T T AR 0 iz sl 7 f2 ok
e, cos(2mn,t)— e,
(9)
2mn,t )+ e, sin(2mn,t)
FA T
cv=2, (10)

n
For, o il 43 390 Ay 90 % B 0 B 38 A8 T o 22 A
W, 7 BRI -

;]\1]2271 (11)
I N (12)
o= ﬁz En,- nl .

¢ei=1\(t=1

2.3.2 FRERIEIRA G EIE

Bk UG 22 A, IR S 4 B 451 2 ) Mk R ) T A
AT I8 I, PR AT o B FL R AT R AE o R 45
5 LA T T A A 2 LA DG 4 fi
SRR B, P P i i R . AR T AR R b
(R I T0 12 A R A B o, A 5 TR

7 2 SR AN AT 80030 A R 8K e, IE A

K, R 5 BB CV N BT S 8 3 T BT AT 1
L) PR A0 149 20 P 4 A A
O ear
CViewr=—", (13)
nWt'er
FEH 1 1 0,0, 53 91 9 45 JES R 57 T 02k 2 T 4 A4
R 1SR B 9 2 TS, 23 0 7R A



3868 e RS LR %33 %
*x1 HESH
R Tab.1 Simulation parameters
traject
geetory Performance parameters Value
Fixture rotation speed n,/(rmm™") 40
Lapping plate radius R,/mm 450
Fixture radius R,/mm 320
Ng%:gggm/ Workpiece radius R,,/mm 50

5 JERLA RUPLIE sR K
Fig. 5 Schematic of the effective trajectory points for an

abrasive particle

1

N,
e = 3 D e 5 (14)
a b=1

N, 5
Owear — /]\:;1 2 ( Myear b~ ﬁwcar)“ . ( 15)

3 EZEFHT R HML A

3.1 FESH®mE

AT B R B 1 SR R i 4
BROKE B R o HL 2 S E0TE B3 A B TR AR K
e, LY R A Rk B — e S TSRS
PR R B, DR T G S T A R R R
PRAIE {5 FURS B A2 SRR . Ry 43 A B s 400 i X
CV I CV,. 8 052w B A 15 o ey B 3% 1f 5
T AN [) %5 B ) B R P 1) 7 28 01X 1,2X2,3X 3,
AXAFNEXE, X I AT 5 8 3% TS R 5543 il
931 417,125 668,282 753,502 672 1785 425,

W 5E BIF B 4k 5 3 0, =48 r/min, I ] [7] {5
0.000 1s, KA ESHWNE 1w, i HE
i ARG B CV R C V.., A Bl R R R ) 72 16 KL
AN E 6 s

P HA5 R R B R BRI N, CV &
PP R AR B S AR B X R L
LIRS SN - G N SR T SN
B, 2 R AR A S B Ak 8 B S ok 4
O RS O FUORS BE B9V A PR B R X
CV oo T 52 W B/, FLU% B 8 32 35/ F 0. 003 % .
BT LR o AT, B A A B KL I B Ry A XA BB R
BN 502 672, %2 B T H AR 43 Hr vl SE Ak X
fE kB0 AN 0 L 1 T TR TS FE

SRy 1 — 25 43 A7 B T ) B XoF 75 L 235 S A R i)
W E A ] BE 2 B oA 0.1s,0.01 s, 0.001 s,

Eccentricity between lapping plate and holder ¢,/mm 250

Eccentricity between holder and workpiece e,/mm 100

Abrasive block edge length /,/mm 3
Gap between abrasive blocks /,/mm 1.5
Number of abrasive blocks 31417
Workpiece mesh size e¢/mm 2X2
Simulation time/s 30
0.025 0.79
=
0.020F
10.78
A
O 0015}, A A A 5
- 10.77
oo0f | Tw—— .
0.005 0.76

0 200 000 400 000 600 000 800 000
Number of abrasive particles N,

6 R CV 5 CV,, M5 152 06 B
Fig. 6 Influence of the number of abrasive particles on
CVand CV,,, values

0.0001 s F10. 000 01 s, fif E45 a1 7 fr 7 o
MNIEL 7 Rl LU Y - Bl 2 ] a) [ B B 90 47

AR D ERT TSR 2RSS Y

FRF 1] 8] B 9/ 25 0. 000 1 s B B SKr 0L 35 fY) O S

0.10 1.2
0.08 m
11.0
0.06 .
S s
0.04 +
A A a4 08
0.02 ]
\l n ]
0.00 L 1 L L Ll ()6
0.1 0.01 0.001 1x10+ 1x10°

Time step A#/s
7 BfEEFEX CV 5 CV,., 505

Fig. 7 Influence of the time step on CV and CV,,, values



% 24 ]

PG B, 45 < 2 1B A T 30 AT R PR 451 4 A M ) AF R R ARG AL 3869

Bragdbr CVAER CV,. 8 3 35 B £ 5 R A, Hok
SR EE /N T 0. 5%, PR I {5 B B [ [ B 34 o
0.000 1 s,

3.2 BRI S S

R R 5 T S 4% T T s A O 3 T LA 1
SIHER S AL I E T LSRR 1. S BTt
JBE 95 5 SHUAE 20~60 r/min 38 FBl P99 fil A 9 26 T L
WAV R CV, K SR .

W& 8 Fir 7w , 4E 20~60 r/min 3 [ 19 , b8 % 5%
BB I, B 5P R C VAR IS R 5 R a3,
B B oAl LLFE 2 A IR
(30 r/min, 40 r/min, 50 r/min, 60 r/min) , 7F ix &&
WU, CVEY M 5% F o 78 20 r/min B
Bl ¥ oM R CV RN B K (CH 0.031 3) .
£ 46 r/min B, P9 30048 A5 35 B 2 5K OKCF (R
0.007 8).

Sk A 0L 4 AT 2 S L5 389 5 1 1) R i)
FUAE B B 5% B R AT 09 —fk b B, 4 iy A

25 25
y/mnq 25 50-50 x/mm

(@) n,=30 r/min

(b) n,=40 r/min

1 1
0.75 0.75 1

M A F5 @ (30 r/min, 40 r/min, 46 r/min,
52 r/min) T U3 5 BE oA T, S5 2R AN 8 TR

i 19 T LE AR T HA L T 76 40 1/
min B, B8 53 A5 % BE e AN 15, T AE 46 r/min
IF 0508 2 5 P A B

0.035

0.025 |

crv

0.015F

04005 1 1 1 1 1
20 30 40 50 60

Lapping plate rotational spped #,/(r-min™')

P8 T 4% A T o AL 38 389 25 P Y 532 o R A
Fig. 8 Influence of the lapping plate rotational speed on

trajectory uniformity

1
i I

NWamrweasrt?
UL "‘"" M sollo.2s

=50 5 5 25 55
y/mm 25 50- 50 v/mm y/mm 25 50-50 x/mm

(¢) n,=46 r/min (d) n,=52 r/min

1O A [l UF s 25 2 T ) o 0L 328 23 A1

Fig.9 Trajectory distribution under different lapping plate rotational speeds

3.3 MIEREBEHRHSESN

SR A G HIF S A% B S K R S A Y 38 5 1 B
Wi, TR 1 s A B 28, o B AR 20~
60 r/min 3 [ P, AN ) B4 AR B 458 5 S AP i
B R B CV, B, I E 10 FiR .

N 10 BT 7, BIF 2 4 5 4 359 50 1 AL il Ay B
2 B A vk S OB A L Dk B LA, A
20 r/min B} BIF B 4 B8 153 ¥ 5] P R C VL 18 35 3]
B KA (O 1.894) o 7E 46 r/min I, P 35 35 5 24
R B EARK (O 0. 755) .

2 4] g A~ #i &Y 2 5 (30 r/min, 40 r/min,
46 r/min, 52 r/min) T B & E B 45 A0 K, 25 S
B 11 Fros o 16 BF B8 4 %% 3% 8 40 r/min
30 r/min B, {4 5 [ XS0 B R e 2 5

2.0

CVear
—
55

T

0.8F

e 20 30 40 50 60

Lapping plate rotational speed n,(r-min™')

PEL 1O T s 2k 3 X P S 30 349 50 P 1) 552 Tl
Fig. 10 Influence of the lapping plate rotational speed on

lapping pad wear uniformity



3870 b=

K TR

33 %

T 2 DX 3 o ) ) 42 005 K W 2 KT At
DI, 7E DURP G R AR SR T 2 5 R R
b Ay Bk 68.1%,31.9%,78. 7% 1 78.6%.,
76 40 r/min, BF B 58 B AL /D F 22 8 BE
30 r/min F% 3 H I, 2 5 00 B I T R A AE

500 500
250 250
g
£ 0 0
= \
-250 -250
-500 -500
500 -250 0 250 500 O 500 -250 0 250 500 ©
x/mm xX/mm

(a) n,=30 r/min (b) n,=40 r/min

DU A HRL X BR DX o 3 AN 35 2] o A EURT
B i B R S 7 AR, T LAt X R 0 )
RAR o TE 46 r/min F, BIF B HE 5 BEHY ) A
BIF I S A T 1) b A0 R B B SRR s/
2 DNILEIS LT RN

y o\ N .
' \
| 1
| J i
3\ /
~ QS % S
-500
-500 -250 0 250 500 O

X/mm xX/mm

(d) n,=52 r/min

-500
500 250 0 250 500 O

(¢) n,=46 r/min

P11 S [ B 4 2 ST O 38 PR 451 7 A
Fig. 11 Wear distribution of the lapping pad under different lapping plate rotational speeds

3.4 BERIHTHEES T

R 53 BT B ORE 2% 15 AT B 8 8 40 4% 2 1
55 B T Y O AR, 30 BRI A i TR Bl A B R s
ST . P12 JE IR T AN ) B R B R AH X
T AR AR bR R B2 S P FEAE .y AT AT
0 1T P L 14 32 B I S B ) SR R R AL
X5 HHE S A PL T R R R4 — Sk
MOB = R o M, i LI T A mT A3 A Sl A
1 34 328 2l 1) B i« e FL 5 BT 25 AR B (o)
P SE B P o B e B B B 3, D Y S A

600

300

y/mm
o

-300

600
=700 -400  -100 200 500
x/mm

(a) 7,730 r/min

oy . PR, BB R 9 32 3l R I T Tl N
RALEOT R -
T— ! . e
GCD(n,,, nh—np‘)

7 ELA5 R ] DL, BRI Bl 300 S 0 e Al
BB "R AE o AEARECRE 20 1l 3,1, 21,15,
6 25 ¥ 1 B0 N T F AT S 4 R 5 e EL G
o, B AN A8 Bl OC R, BT RS AR I
T H e % I8 S % B RL LR R R . 7
BB E W T BB 5 1 S R e B e e T A

£
£
=
600 -
50 0 50
x/mm
300
g
E 0
=
-300
-600

=700 -400 -100 200 500
x/mm

(b) n,=40 r/min



55 24 1) BFG R, S < 2 FE ORI T8 R RS B A 44 ) P £ O A A A Ak 3871
600 600
300 /] 300
£ e £
2300 \.\ N -300
-600 -600

-700 -400  -100 200 500
x/mm

(¢) n,=46 r/min

-700 -400  -100 200 500
x/mm

(d) n,=52 r/min

P12 NIRRT G A% R TR A A 2% PN B AL L i

Fig. 12  Abrasive particle trajectories in the workpiece coordinate system under different lapping plate rotational speed

IR T e H i e B A7 AR /N TR Y A AL
HET SR
N= o
GCD(n,], nh*n,)’)
H A =X (17) a] 0, B Rz 3l a0 1Y) 46 T 5
55 B U U AH 5 - e L5 IR S 25 AE ) S A T
A58 Tl R I TRT PR R L IR R R I S T B 5 B L
WOE IS a3 TR BT R A (3§
FR9 13 ) B35 5 e 5 RO B 58 B S AR ] I R
WEIERE .

(17)

4 B Ek B SE [ L5 B A AT K

4.1 KRBT E5RNTE
5 QNP 13 Fr 7 B9 BT T AL L AT

Workpiece  Fixture

Lapping - Fixed-abrasive
plate !§ lapping pad

Fig. 13 Fixed abrasive lapping process of fused quartz

U [ 45 R I S5, S A b B WA B Rk AR
9 pm, B ORL B RS HEAG B RS K R
3 mm, AH &P B kL B 22 (8] A9 TA] B4 B S 1.5 mm.
A R s Rl A 9, A28 100 mm, JEEE A 1 mm.
A Y W) 4 2 TEDRELRE B2 Ry 6. 028 pm, - TH EE N
22.361 pm, B = A 43 5 30 r/min,
40 r/min, 46 r/min, 52 r/min, #f B & J1 % 600 N,
VA% 32 B A Ul e B [ A e W 4 4 40 r/min,
I B (6] 8 15 min, A B8 W R 25 85 K, 3 i
JE WAL 1t D 150 ml/mins
KOG F WAL (ZYGO, NV9000) il & T
P T 13 4> o7 1Y) 3R TEMLRE B . P T BE I AR
FHAN P 14 it 7 19 B A1 T 0 AL, 3 3 o % o
% & UK h 3 £ 47 7% 1% 4% (Keyence, CL-PO15,
S re—

Sensor =
fixture

Workpiece
fixture

P14 T RE I AR

Fig. 14 Flatness measuring instrument



3872 e K TR

S HER R 0. 25 pm) Wy TG A A% I A2 6 TR 3%
THT AT H A, A AR 0 %) B AR B, AR e/ —
T 3 %ot 0 B AR AT A B A T
4.2 REHER

AN T B R M Rl Ay D TR R ThRLRE S
W25 5 & 15 fros o 2 57% 3 40 r/min B,
A THDORLAS B S, X {H 2 150. 49 nm, bR ifE 22 K
21.10 nm, M ZF, Y5 #4525 2 46 r/min
W, S, $ M T K% 112. 31 nm, b #fE 2% 10. 47
nm. IX J2& A 7E I B8 35 5% R 46 r/min B B
B BEORLAE X T AR R O R AR Y iE B
e, YEI 5 10 2R A R G T B SO AR
NTE 75 AT G i85 B e b s o v |
AU TEZEG T, T A e TH Pk o A B 5, R H
FERE B2 0 — BCPETE 4 . N RBRALKIRE , th T0F
8 SR T R R e B AR B A A 5 R I
RS 50 TR ASTR] =5 B A B R 25 T B 1 Y
FI I, AT A 2 A 1) ) R B 43 AT i 1) 34 5T, g
i 3 AR AN T 3R T AL

200
Esof T 1
s el |\
3 1 V 1
Tl L
< 1001
B
3
€ S0
&

"7 50 40 46 52

Rotational speeds of the lapping plate #,/(r-min™)

P15 S [ B 2 e T SR TR 2 S,
Fig. 15 Surface roughness S, under different rotational

speeds

X AN () 2 T 9 Rl A e T4 T RE R AT R
W, 25 FamE 16 fros .

& 16 7] 146 40 v/min, T4 F 1 & i 22 0
8. 69 yum, I s T A 3 T L 29I 2 1] BRLEE A L
O3 Y SRR 2% | TR B BE B A AR B W AE Yy
SYEE , T BORE S ok FE v T 3R TR B RS R
A, N AR AL, MEZ T L TE 46
r/min 73 T, T AR R R AL % 4. 26 pm, IL%

9 33 %
10
_|_
i - A
-
g
\3- e ol
z or L~
g
s 4r —
=
21
0 1 1 1
30 40 46 52

Rotational speeds of the lapping plate n,/(r-min™)

K116 S [F]BIF IS 45 9 R P Tl i PV
Fig. 16 Flatness PV under different rotational speeds

S S B B 1) A K7 B = SN Y 3
VS L 08 AT S 8 A0 A T 4 2 e A S B
F1% T I A 2

AR SCAE 75 S R S bR HE A (Y S Al L ST
TSRS S F R R T e T s R S T R
B A I Mk 0 3 K R T T B B it 38 A M A
TV, S M T BIF B A T S LB R AE B
I 181 59 M N A B R B A 1Y) R L M 5
SRR

(1) TR B8 5 5 3ok Xof 8 7 00 325 349 20 T %
AR B SR B W R, H T AR A —
o, Bl A S P R T ok (RS A S B
B Ry AT PR B EL R, B AT PR Ak

(2) VBB B 52 2% , BI0300 1 ) 1 R S
V5 28 ) MR G, AR R AT BEAIE TR
FETADRLRE B, 340 e oo 35 1 11 B .

(3) 4 BIF B 45 5 5 o 46 r/min B, T % i
MRS S, F1 1 & PV e fd, 40 %14 112. 31 nm
4. 26 pm.

AR SC g M Ak ] 45 R ) S 98 A R T T 0
TF B I bt 4R L T HE 4R SR S AR AR

fEE STk A A
R &3 A B AR B
RHER RBFTR TS HEEME;
AR BRI A 5 AT



% 24 ]

PG B, 45 < 2 1B A T 30 AT R PR 451 4 A M ) AF R R ARG AL

3873

R 4 YR A Fo AT
BA= At i X F B A 45 5 s

e ¢
(1] spix, &4, &4 R, & BURBFE B R BF 58 B0IR

[2]

[3]

(5]

[7]

Gk EBHT] Mk A2 SR, 2024, 60(7) :
266-288.

GUOJ, PAN B, LIANJ L, et al. Recent develop-
ment and prospective of double-sided lapping tech-
nology [J]. Jowrnal of Mechanical Engineering,
2024, 60(7): 266-288. (in Chinese)

I hA, RN, EPE, F RS S5 R
WS .25 2 Hom i A B R AR5 [J]. R @k,
2021, 50(7): 376-385.

WANG Z K, YANG Y K, PANG M H, et al. Re-
sponse surface model of processing parameters for
lapping quartz glass with a fixed abrasive pad [J].
Surface Technology, 2021, 50 (7) : 376-385. (in
Chinese)

B A, KAidh, 2l F. BEHEREERSNIA
R IR MERELT]. R F M 142, 2023, 31
(6): 839-848.

SHENG X, ZHU Y W, REN C, e a/. Lapping
performance of fixed silicon-based agglomerated dia-
mond abrasive pad[J]. Opt. Precision Eng. , 2023,
31(6): 839-848. (in Chinese)

BB KO3k 5569 B 25 5 b 3 AR B e TR AR
[D]. mat: Mtz LR R, 2023.

SHENG X. Study on High Efficiency Grinding
Technology of K9 Glass with Fived Abrasive[D].
Nanjing: Nanjing University of Aeronautics and As-
tronautics, 2023. (in Chinese)

HU Z W, FANG C F, DENG W W, ez al. Speed
ratio optimization for ceramic lapping with fixed dia-
mond pellets[J]. The International Journal of Ad-
vanced Manufacturing Technology, 2017, 90(9) :
3159-3169.

FANG C F, YAN Z, HU Z W, et al. Pattern de-
sign of fixed abrasive pads inspired by the bee colony
theory [J]. The International Journal of Advanced
Manufacturing Technology, 2018, 97 (5) : 2563-
2574.

WA, R, Rk A, . J0 BN 43 2007 1 A
FE I L ST PE R B B RLLT]. ALk =2 F 3R,
2021, 57(13): 232-241.

XIAO Y T, WU X F, CAT Y J, ez al. Numerical

[8]

[91]

[10]

[11]

[12]

[13]

[14]

[15]

& B LME IR 5
W R RXME BT,

simulation on uniformity of plane lapping with irratio-
nal swinging method[J]. Journal of Mechanical En-
gineering, 2021, 57(13): 232-241. (in Chinese)
LIUN, WU P F, NIU F L, et al. Trajectory uni-
formity in fixed abrasive plane lapping of BK7 glass
[J]. The International Journal of Advanced Manu-
facturing Technology, 2023, 129(1): 899-908.
WANG L J, HU Z W, FANG C F, et al. Study
on the double-sided grinding of sapphire substrates
with the trajectory method [J].
ing, 2018, 51: 308-318.
ZHANG P, YANG J F, LI L.

Precision Engineer-

Trajectory unifor-
mity of the double-sided mechanical polishing of
SiC single crystal substrate [J]. Materials Science
in Semiconductor Processing, 2020, 107: 104814.
YANG L, GUO X G, KANG R K, ez al. Effect
of kinematic parameters considering workpiece rota-
tion on surface quality in YAG double-sided plane-
tary lapping with the trajectory method[J]. The In-
ternational Journal of Advanced Manufacturing
Technology, 2022, 123(7) : 2679-2690.

AR, Wweh, RHE, F.OILTEN 0L
Y BH TR S OBLTAT BT S 2 ST PR [T ] e M A
2024, 32(13): 2081-2090.

XUESS, GUOXG, JIAYF, etal. Double-sid-
ed lapping uniformity of LiTaO, based on three-di-
mensional trajectory of particles [J]. Opt. Preci-
sion Eng., 2024, 32(13) : 2081-2090. (in Chi-
nese)

CHENG Z P, GAOH, LIUZY, et al. Investiga-
tion of the trajectory uniformity in water dissolution
ultraprecision continuous polishing of large-sized
KDP crystal[J]. International Journal of Exireme
Manufacturing, 2020, 2(4): 045101.

CHENG Z P, WANG X P, GAO H, et al. Study
on the groove geometry of pad in water dissolution
polishing of soft brittle materials based on trajectory
analysis [J]. Precision Engineering, 2024, 91:
290-299.

WA, FULE, § P B, . TSR E T
R A R G IR AT [T]. REXFFHR(A
AAtFE L TARFAM), 2019, 52(9): 917-931.



3874

33 %

LINB, LIKL, CAOZ C, et al. Surface genera-
tion modeling and experimental analysis of the fixed
abrasive deterministic lapping process [J]. Journal
of Tianjin University (Science and Technology) ,
2019, 52(9): 917-931. (in Chinese)

3%, AL, I, S S R AR R B L

BIEE .

BIHFE(1999— ), &, Wb a R EN,
B9 A4, 2016 4 T K% T K2
A2 20, 2023 4F T R B TR
ZERRAT A 2, BBy 1 A
T PR RS B OF S R BB R . E-

mail: jyffan@outlook. com

Bk S RmMCRETRLIT]. K@k, 2022,
51(12): 255-268.

GUO L, MING Z H, JIN Q C, et al. Polishing
trajectory and surface machining quality of elastic
matrix abrasive tool [J]. Surface Technology,
2022, 51(12): 255-268. (in Chinese)

BIfEE .

REER981—), H LT REN, I
&, B, 2004 4F T MROR ARG
ST, 2011 4R TR 3 B TR 2 AR A
T, WS 8] S A O 1 B
V5 T Al 5 S A 2 J ) e o T — 1 A
¥R 5 R & . E-mail: zhuxian-
glong@dlut. edu. cn



