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Optical surface generation in ultra-precision polishing
of freeform

CHEUNG Chi-fai, HO Lai-ting, KONG Ling-bao, LEE Wing-bun
(Advanced Optics Manufacturing Centre, Department of Industrial and Systems Engineering,

The Hong Kong Polytechnic University, Kowloon 00852, China )

Abstract: Ultra-precision polishing is an emerging technology for the fabrication of high precision and
high quality optical surface of freeform. It is capable of overcoming the shortcomings of other ultra -precision
freeform machining technologies, such as the low machining efficiency and non -ferrous materials limitations
for ultra precision raster milling and fast tool servo machining. However, our understanding of the surface
generation mechanisms in ultra-precision polishing is far from complete. As a result, an experimental study of
the effect of machining strategy on the surface generation in ultra -precision polishing was presented in this
paper. A series of polishing experiments had been done. It is interesting to find that the quality of the polished
surface heavily relies on a proper selection of process conditions and polishing strategies. The polishing
process was not only found to be useful for removing the undesirable machine marks produced by other
machining processes but also be able to generate preferred structure texture for functional applications. The
results of the study provide an important means for better understanding of the surface generation as well as
the strategy for the optimization of the surface quality in ultra-precision polishing of freeform.

Key words: Surface generation; Ultra-precision polishing; Freeform optics; Machining strategy;

Process planning and optimization

:2009-08-10; :2009-09-05
(G-YF55); (GHP/052/06)
(1970-), N N
. Email: mfbenny @inet.polyu.edu.hk



3 : 497

19] [10]
’ Y
0 (i
’
o
’
2]
9 N N
b 9 Y
[13] [14] _ [15]
m LED A A
[16]
21 ,
o Y N
’
’
o
9 N
3] 4] ) °
’ b
5 ( . )o ’
’
o
’
¢ 1
’
2 . (CCP),
CCP ,
9’ o
17-18
n=s - CCP
[19]
) o
N 9 ’ °
120]
o
) o ) © 4 ©
s Zeeko
, . (Zeeko IRP 200) , 1 o
) 7 b 4 b
’ N 3 b 2 o
N A B N (Virtual
, , Pivot) ,
_ , CNC
o ’ N
N 5 b o
’
0]
JXIE® o
o
b /
9 o} ’

. M Taguchi

[8] 1

[6] Fig.1 Ultra-precision freeform polishing

?1994-2015 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



498 39

o . N Y
. . o 5 )
C-axis workpiece ,
[
chuck &
H-axis tool
N o

clockwise and

i anticlockwise Polishing modes

rotation
Spots of
bonnet :
. Raster Stationary
« Spiral workpiece
+ Random
Y
2 7 Rast
Spots of aster
Fig.2 7-axis motion of machine bonnet
[21] Stationary
4 workpiece
3 Motion of
© the bonnet
. 4
Spiral | Spots of Random
. bonnet
b o .
N N N N N 5
N N N Fig.5 Different strategies for ultra-precision polishing
b
o b
o :
b o
3
, - o ) Taguchi
Fig.3 Ultra-precision freeform polishing of a freeform mould insert ° &
Precess (MFP) =
WANG™ -
o b
o]
Tool
Workpiece offset 5
—*] Spot size ’
=i Precess position R
@
. o ’
Bonnet Workpicce
o ?
Motion of workpiece: '
up and down ? s
° 7 )
o O O : ’
Workipiece
8]
N o b
Motion of workpiece:
With precess angle up and down
4 ’
Fig.4 Cutting geometry of the ultra-precision mechanical polishing o y

?1994-2015 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



499

3.1

’

300 mm/min,

k]

Wyko NT8000

1A

o 2.71

2.00

1.50

' il 1.00

° , g 0.50

-1.4 ¢ 0.00
0 -0.50
0.951.3 139

mm
(a)
(a) Before polishing
o A

: B B 652

500

300

100

-100

-300

Precitech %00
(Freeform 705 G) -705

4. 000 r/min,
10 wm, 0.2 mm,

I,

Tab.1 Polishing conditions used in Part A of

the experiment

Parameter Value
Polishing cloth Hard
Head speed/r - min™ 1 500
Head pressure/Pa 2
Offset/mm 0.6
Feed rate/mm - min™' 1 000
Polishing fluid class Middle
Precess angle/(°) 0

56.62 nm, s

Ra 693.04 nm

(b)
(b) After polishing
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Fig.6 3D surface topographies under Wyko (5X)
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Fig.7 Surface roughness profile of the machined

surfaces cross-section
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Fig.8 Micrograph of surfaces
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Tab.2 Polishing conditions used in Part B of

the experiment
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Tab.3 Trajectories of the tool path for different

polishing strategies

Values
Parameters
Raster Spiral
Precess angle/(°) 15 15
Head speed/r - min™' 1 200 1 200
Offset/mm 0.3 0.3
Head pressure/Pa 10° 10°
Step/mm 1 N/A
Feed rate/mm - min™" 50 50
C-axis speed/r-min™' N/A 100
Polishing number N/A 1
Bonnet radius/mm 20 20
Polishing cloth Cerium oxide D16 Cerium oxide D'16
Polishing fluid AlLO; (1.5 pm) ALO;(1.5 pwm)
(
o
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Fig.9 Surface topographies for the workpiece after different

stages of the polishing process
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