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Figure Error Compensation of Freeform Surface Turning Based on
Zernike Polynomial Fitting

GUAN Chae-liang, WANG Jiar min, DAI Y+ fan, YIN Z+ gqiang
( College of Medhatronics Engineering and Automation, National Univ. of Defense Techmolbgy, Changsha 410073, China)

Abstract: Slow Tool Servo diamond turning is capable of effectively generating freeform optical swfaces or rotationally nom-
symmetric surfaces. However, many error sources, such as geomeiric and themal erors of machine tool, and the forced vibration,
dominate machining accuracy. In order to enhance fabricate accuracy, machining error compensatory approach was sudied. Zemike
polynomials are powerful in analyzing the relationship between the surface figure and the optical performance. So machining error was
analyzed by Zemike polynomial fitting procedure, and the error compensation algorthm based on tool path comection was constructed.
Experiments show that the slow todl servo diamond turning method can generate freeform optical suface, while the compensation method
can obviously improve the machining accuracy.
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Fig. 1 Conventional tuming and slow tool sewvo turning
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0 1 Piton 5 J60 cos20 X-
1 2Psin0 Y 6 J80*sin30 Y-
2 20 cos0 X 7 J@(%ﬁ— 2] Psin0
3 JgpzsinZQ X- 8 J§(3pz— 2) P eosd X
4 ﬁ(zpz_ D 9 J80P% cas30 X-
Zemike , ) (2
IPITA (X 2
, a,  Zemike Je (P, ej ,
Zemike a, 2 (1) )
(2) ) Z (4
VA Gram Schimidt (5)
a,
1 s Zemike ( ) ,
(X0z ) s
3
2 )
2 P
( )
, P
: P
PP P P.
Pz 2
, Fig. 2 Tool path compensation
, rr ( Um ) PP P.
PP. Um R
P P P.



138 2010 2

, . (3) (4,
L =L+ PP (3)
L =L+ PP. (4)
JL . L .Pp PP
PP = | PPl wsa i X i 4
|Pr.| |PPI 3
a ¢ 30 , 1
1.15 , , |PpP.|= | PP
zernike
(1) . ,
(2) s ; Zernike
(3) . ,
(4
(2) (4
4
, Zemike
4.1
Zermike
4 12. 7mm, Zernike
8 0. 68Hm PMMA ,
. C
2.5
2
" 1.5
g
0.5
0
-0.5

Fig.4 The design of wave front compensation glass
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Fig.5 The 1st machining result
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Fig. 7 The 3rd machining result
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