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ABSTRACT: The work aims to fully take advantages of fixed abrasive (FA) lapping /polishing. Fixed abrasive pads were
employed to lap quartz glass, and material removal rate (MRR) and surface roughness (Ra) were chosen as the evaluation
indicators. The influence of processing parameters on the machining performance of fixed abrasive lapping was investigated by
using 3-factor and 3-level response surface method. The MRR model and the Ra model were developed. Combining the
response surface method and its contour plot, the combined law of processing parameter and the optimal processing parameters
under each target were obtained. Finally, the optimal processing parameters were verified. The results show that the best
processing parameters for MRR are: rotation speed 90 r/min, load 20.685 kPa, slurry 60 mL/min, while those for surface
roughness are: rotation speed 100 r/min, load 20.685 kPa, and slurry 80 mL/min. The predicted values of the models are
34.5 nm/min and 38.5 nm, in well accordance with those of verification experiment which are: 37.6 nm/min and 39.4 nm. The
comparison shows that the obtained model of processing parameter by response surface method has a very good predictive

ability, the surface of machined work-piece at the optimized parameters is very smooth, and no obvious pits or coarse scratches
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are found.
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Fig.1 The appliance (a) and schematic diagram (b) of lapping quartz glass with FA pad.
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Tab.1 Physical and mechanical properties of work-piece
used in the experiment
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Tab.2 Correspondence table of factor level and coding
value

Properties Value
Density/(g-cm ™) 2.20~2.21
Moh’s hardness 6.0~7.0
Elasticity modulus/GPa 77.8
Poisson ratio 0.14~0.17

1
Breaking tenacity/( MPa -m?) 0.75~0.80
0,
30% 11.40%
M Diamond
B Hydrophilic polyester

= Magnesium sulfate

10% m Copper powder
0

(

48.60%
P2 [ AT P AR A I 3 L

Fig.2 The composition of fixed abrasive pad
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Coded value

Factors
x/(rmin™")  xp/kPa  x3/(mL-min ")
Upper level (+1) 100 20.685 80
Lower level (-1) 60 6.895 40
Zero level (0) 80 13.790 60
Radius of change Ai 20 6.895 20
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MRR = 32.46+3.699x, +2.834x, —1.449x, —
4.286x] —2.545x; —3.578x; +
1.901x,x, —2.604x,x, +2.60x,x, 3)
MRR = 53.75-5.60x, —8.63x, —0.82x, +
3.15x7 +1.24x] +3.45x7 +
4.32x,x, —6.68x,x; —5.67x,x, (€3]
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Tab.3 Test results

Test Rotation Pressure Slurry flow  MRR Ra
number speed (x;) (x7) rate (x;) /(nm'min') /nm

1 -1 -1 0 20.8 75.8
2 1 0 342 49.1
3 0 1 -1 27.8 58.8
4 1 -1 0 23.2 57.6
5 -1 1 0 24.3 50.1
6 0 -1 32.4 58.9
7 0 0 0 31.3 55.7
8 -1 0 -1 18.5 58.7
9 -1 -1 28.9 64.9
10 -1 1 19.7 69.4
11 1 1 28.9 40.7
12 0 0 32.6 52.1
13 -1 0 1 22.0 75.2
14 1 0 1 25.5 49.1
15 0 0 0 33.6 53.5
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Tab.4 Variance analysis results of material removal rate
regression model

Degree Sum of

Variance Mean F P Signifi-
. of mean !

region  goedom squares SIUAres value Value cance

Model 9 380.83 42.315 15.28 0.004  **

109.49 109.490 0.001  **
64.230 64.230 39.54 0.005  **
16.803 16.803 23.19 0.057

121.69 40.566 6.07 0.007  **
67.820 67.820 14.65 0.004  **
23.921 23.921 24.49 0.032 *
47264 47.264 8.64 0.009  **

1

1

1

3

1

1

1
Two-factor 3 68.615 22.872 17.07 0.022 *

1

1

1

5

3

2

interaction 14.451 14.451 8.26 0.071
XX, 27.128 27.128 5.22 0.026 *
XXy 27.035 27.035 9.80 0.026 *
XX, 13.847 2.769 9.76
Error 11.152 3.717 2.76 0.277
Lack of fit 2.695 1.348
P
R*=0.9649 Ridj =0.9018

Note: P<0.01 means that the influence is means extre-
mely significant, which denoted by **; P<0.05 means that the
influence is means significant, which denoted by *.
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Fig.3 Response surface and contour plot of MRR with various factors: a) response surface and contour plot of MRR with rotation

speed and pressure; b) response surface and contour plot of MRR with rotation speed and slurry flow rate; c) response surface and
contour plot of MRR with pressure and slurry flow rate
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Tab.S Variance analysis results of surface roughness
regression model

Degree Sum of

Variance Mean F Signifi-
. of mean P value

region squares value cance

freedom squares

Model 9 1309.75 145.528 11.07 0.008  **
X, 1 250.52 250.522 19.06 0.007  **
X, 1 595.30 595.298 45.28 0.001 ok
X3 1 5.34 5343 0.41 0.552

Square 3 77.22 25.740 1.96 0.239
x; 1 36.75 36.746 2.80 0.155
X3 1 5.70  5.697 0.43 0.539
x; 1 44.00 44.003 3.35 0.127

Two-factor 3 381.37 127.124 9.67 0.016 *

interaction 1 74.49 74.494 5.67 0.063
XX, 1 178.46 178.463 13.58 0.014 *
XX, 1 128.41 128.414 9.77 0.026 *
X, X, 5 65.73 13.146
Error 3 59.24 19.745 6.08 0.145
Lack of fit 2 6.50 3.248
Pure error 14
Total
R* =0.9522 R,z\dj=0.8662

Note: P<0.01 means that the influence is means extre-
mely significant, which denoted by **; P<0.05 means that the
influence is means .significant, which denoted by *.
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Fig.4 Response surface and contour plot of surface roughness with various factors: a) response surface and contour plot of surface
roughness with rotation speed and pressure; b) response surface and contour plot of surface roughness with rotation speed and
slurry flow rate; c) response surface and contour plot of surface roughness with pressure and slurry flow rate
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Fig.5 The 2D and 3D topography of some sample surfaces after lapping: a) sample No.1; b) sample No.3; c¢) sample No.10; d)

sample No.11
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