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Design and Experimental Study of Double-Pattern Nonuniform
Coupling Fixed-Abrasive Pads
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Abstract Traditional fixed abrasive pads (FAPs) present difficulty in guaranteeing the workpiece machining quality
in the lapping of hard and brittle materials owing to the single form of grooves fabricated on the pad surface. To
address this problem, in this study, a new type of FAP design called DPP, which has a non-uniform coupling and
spiral concentric structured pattern, was proposed and tested. To reduce debris blockage on the DPP surface, spiral
grooves were used as chip disposal grooves to ensure that the machined workpiece surface had a lower roughness and
thus prolonged DPP life. Moreover, concentric circular grooves were used to adjust the distribution of abrasives on
the DPP surface, which can improve the material removal uniformity and surface flatness of the machined
workpiece. Based on the proposed design principle, the DPP for sapphire lapping was fabricated and compared with
a traditional grid grooved pad (GGP). Experimental results show that the number of pits and scratches on the
machined workpiece surface is much fewer when using DPP, which is ~35% of that of GGP, and the degree of
blockage of the DPP after lapping is lower, which is ~30% of that of GGP. In lapping with DPP, the material
removal rate is ~14% lower than that of GGP, but the nonuniformity of material removal thickness is ~0.0494,
which is 32% lower than that of GGP. The surface roughness is ~129.4 pm, which is ~16.2% lower than that of
GGP. Therefore, when DPP is used for sapphire lapping, the distribution of material removal is more uniform and
the surface quality of the workpiece is much better. The test results prove that DPP can not only facilitate better
workpiece surface quality but also prolong the pad service life, which meets the efficient and precision machining
requirements for high-quality surfaces and large-scale production of brittle and hard materials such as sapphire.
Key words surface optics; spiral-concentric double pattern; material removal distribution; surface roughness;
surface morphology; lapping
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Fig. 3 Preparation process. (a) Basic plate; (b) basic
plate with non-abrasive layer; (c) adding abrasive
layer and putting it into the mold; (d) demoulding

forming
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Table 1 Experimental parameters

Pad speed /(r * min™ ') Rotational speed ratio

Pressure /kg Eccentricity /mm  Lapping time /min

60 0.7,0.8,0.9,1.0,1.1,1.2,1.3

2¢.3g.4g.5g.6g.7g 85 20

Note: g is gravitational acceleration.
EB S, T PEO R 8 A TR SE 56 43
SIAEAS [ ATF 5 Ry A0 1 L R I R, I DA 3% T R
JEE MR R SRS R 50— T EAT IR .
3.1 WRKRERE

FH 3D D't 27 %8 B AU I o] JFE 1 R TR B . WF R
B 1.1 WO 85 mm, BFEEITE] 4 1 h, BF
BEIE J1°N 4g kg, 1T DPP i i [\ .0 IR 4 % 5 r
B HEAT IR AT TR 3R E Y e ) A A TR 45y,
WA 3 TR ORE 25 R A A PR A A S R T AR AN
K5 R . AN 3D 24 B A48 i T 4 2% 1 T2 43
K& . DPP By 0 T T A% 2R 18 1M1 5 A0 Rl 9 Ll ) A% Al BT
A BT REREXT L DPP R GGP W £ T 1 52 B
T 28 L 5 X A 3 T )R RA M e A s R AT
ERGIT . ST TR TR AR M 5 B A B
4 2 MR AIE | >R JH 8805 PRIR Ak B R v i) 43 7K 08 53
) T R SR A I S AT U AR A, Ak BT S Y 1A

Centre P1

Bk 6 Fros . il AR ST FE TR A
5 b A5 1R DPP in T 9 T 3% 18 R 11370
23R GGP i T4 35% 1 T 5k [ BA G 0k /b
P 0L, ¥E £ DPP 47 85 52 4 0 B n 1., BE W6 3K 15
U 1) AT S T o

TR AR LA TR B B TP RE L X
I T 2R AT AN . B 7 g AN [ B
T3 RV LR B B R 5 A R IS 0 2% M RS R L
B AT DPP WF B J5 Ao JiS 14 % 1 R RS B B K T
GGP, [F B AT DL % 3 L /N B 07 Sy 25 B0 i) R
o AV T AH 2018 25 00 % Lk X 5 B E /N B
7 g 25 B BRI AR T b i TR SRR AR
I6% S 343 5 AT 9 TEDRELRE J32 8 5 /DN L 17 L 75 AN [m] 4 3
IR DPP V- 34 3% A KE B2 O 129.4 pm, [ GGP 1Y
S EPRURE BEAIR 16.2 %0 . F B4 (PVO{EN 6.6 pm,
e GGPAR12.2% . 53 4 . 4 % (9 R RS B2 BE & 07 19

ilter w

Radius

0 0

Size x /mm 0.140

Centre

Size x /mm

0.140

Radius

S PRRRE SN T AR

workpiece

() GGP N T.TAFFR MBI 5
(b) DPP Jin T T4 & i T 41
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