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Temperature Difference Analysis and Control Methods in Precision
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Abstract Aiming at the problem that the large-aperture optical component exists difference in temperature between
the top and the bottom surfaces in precision finishing, the temperature property of the polishing pad and the
workpiece, taking the annular lapping system for example, have been investigated. Significant temperature
difference between the top and the bottom surfaces of the optical component is measured even at low rotating speed
polishing applying the 1.6 m annular polishing machine. Two effective methods are proposed, one is adjusting the
technological parameters, the other is adiabatic polishing. The feasibility of the methods is confirmed by the
temperature measurement experiments using control variable and adiabatic polishing. The proposed methods lay the
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foundation of precision finishing.
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Fig. 3 Sensors location and experimental result in experiment one. (a) Sensors location at the bottom surface of workpiece;

(b) experimental result
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Fig. 4 Sensors location and experimental result in experiment two. (a) Sensors location at the bottom surface of workpiece;

(b) experimental result
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Relationship of temperature of the top and bottom surfaces of the workpiece with the environment temperature

25 ISR A4 f A BHLL B KO A ik R B
8.3X10 °C ', FMAKCH 1. 114 W/ (m+C), T |
TIN5 A HX R R 5 W/ ('« C) 4R
o PR BB T 5 A 2 b BRI 1 48 1 R R B
i 2 . 8 3R, Rrh workpiece 48 T4 | 3R it
2% v pad 5 BLH 55 Z (AR 25 A ER N C

PR 1 5 T R DR VY A LN i R Y A
XoF Tk 22 SRR, T A B R R T A T 1 R R SR
o R ARG TO IR B R AL 255 I R 2R

F 1 AFERSS KO LA PG G b T 22 Tl 28 B 3 T -3 58 3l 2

Table 1 Deformation temperature for varisized K9 workpieces and the temperature difference

between the polishing pad surface and environment

Diameter /m 0.10 0.15 0. 20 0. 25 0. 30 0. 35 0. 40

0.02 Workpiece /C 0.122 0. 054 0.030 0.02 0.014 0.010 0.008

Pad / C 1.481 0.658 0. 370 0. 237 0.165 0.121 0.093

0,03 Workpiece /C 0. 183 0. 081 0. 046 0.029 0.020 0.015 0.011

Pad /C 1. 542 0. 685 0. 385 0.247 0.171 0.126 0.096

0. 04 Workpiece / C 0. 244 0.108 0.061 0.039 0.027 0.020 0.015

Pak /C 1.603 0.712 0.401 0. 256 0.178 0.131 0. 100

Workpiece /C 0. 305 0.136 0.076 0. 049 0.034 0.025 0.019
Thickness /m 0.05 )

Pad /C 1. 664 0. 740 0.416 0. 266 0. 185 0.136 0.104

Workpiece /C 0. 366 0.163 0.091 0.059 0.041 0.030 0.023

0-06 Pad /C 1.725 0.767 0. 431 0.276 0.192 0. 141 0.108

0. 07 Workpiece /C 0.427 0. 190 0. 107 0.068 0.047 0.035 0.027

Pad / C 1. 786 0.794 0. 446 0. 286 0.198 0. 146 0.112

0.08 Workpiece /C 0. 488 0.217 0.122 0.078 0. 054 0. 040 0.030

Pad /C 1. 847 0. 821 0.462 0.295 0.205 0.151 0.115
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Table 2 Parameters for experiments

Outside

Inside

Thickness Density Heat conductivity Specific heat
diameter diameter Meterial . B
mm /(kg/m*) /LW/(m=C)] /[J/(kg+CH]
/mm /mm
Polishing pad 1600 460 10 Pitch 1800 0. 699 1670
Rotary table 1600 — 200 Moorstone 3070 3.49 920
Truing tool 850 — 65 Moorstone 3070 3.49 920
Workpiece 650 — 40 Glass 2500 0.76 837

h,(t-t)
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Fig. 6 Finite-element model and boundary conditions
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Table 3 Temperature rise while changing conditions

Conditions

Temperature rise of Temperature rise of

FEM /C experiment /°C
£,=21.0 C,RH~60% .n rise from 0. 75 r/min to 1. 25 r/min 0.55 0.5~0.6
t,=23.5 C,n=0.75 r/min,RH rise from 29% to 39% 0.52 0.33
n=1.00 r/min,RH~35% .z, rise from 21.0 C to 23.5 C —0.43 —0.30
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