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Analysis of Polishing Errors by Tool Paths and
Optimization of Tool Paths
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Abstract To solve the problem that the inerratic tool paths will bring the iterative errors between path and path to
polished optical components. a new polishing tool path which is named random tool path is proposed. The way of
random tool path polishing is carried out as follows. Firstly, the orders of polishing positions and polishing paths are
created by random tool path algorithm after the polishing positions of optical components are discretized. Secondly,
the dwell times can be figured out from error distributions and material removal function. However, the actual dwell
times are not the calculated values because the random polishing paths will affect the dwell times when each path
scans through some polishing positions. So the next step is that the actual dwell times are computed by the offset
method, and numerical control codes are produced with actual dwell times. Finally, the polishing process is
performed in numerical control polishing machine. The experimental results show that the way of random tool path is
disordered, and the disorder can make the iterative errors between path and path distribute equally, which can reduce
the error on optical mirrors and improve the roughness.
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Fig. 1 Modes of tool paths. (a) Spiral tool path;

(b) raster tool path

& /mm

§$=299nm S =-11.7nm S =22.3 nm

&1 2 FOIEL 3 433 2 >R FH S it % e 0 328 4 56 # O
U203 4 51 7y 5 22 43 A G AE RE R 230 mm 1P
THT A7 5% B B () 4 TR 29 ) by =45 0. 141 AN
0. 2210 , BRI FE o 1 mm, BEE 042 d=1. 5 mm,
R DL H 5 T 50030 18] 1 18] B 22 A BRBE L3 4l
D237 KRR Y A 5% 22 DA I 8 il Ol 23 ok 2%
S 22, AT AT T2 K 2 F0 7 B . 3k b 2 8 15
22 AT L 3 9 /)N I 326 ) B A A AR fHL 2 77 Of 4 48 o
e A AL 58 2 T AT A BN T B

Pl 2 SR A MO 30 ' R 25 4 A
Fig. 2 Polishing error distribution by spiral tool paths
of fluid jet

P 3 S a4l ' R 2% 43 A
Fig. 3 Polishing error distribution by raster tool paths
of fluid jet
TEAIOUL J7 T8I 5 A8 /Iy T H G 7 S 0 ' 4
FR L TR R R A U 5 S 3 R ke BT 5 A D A
) T B T 25 7y B RO ) S B i AT R AR
2 FHUBE L AP 4 BRSO R Bt R

2.61

P4 RN BT Ot 1R 22 43 A

Fig. 4 Polishing error distribution by inerratic tool paths

0822003-2



12 By U500 3 i ' R 22 B R R 23 A A0 L3 8 AR TF

TP R 5K D 2 TR A R S T R R 2 T Y
LI 57 i SR e 4 L3 O O 0L 38 B R I
2 H B SIS 10 R IR Sl B L 0 sh B I 2 R A S
32 Bl B0 L AH 2 A R R e AR 2

B X R 22 B4 L 4 SR O Bl BIL A D't L i
iz 3 7 R i X A s B 7 2 A8 RO T T B R
912 B B3 al S Bl S BB AL e L A o B T A 2 5%
H DU £ 291038 30 98 5 A 75 LT T o UL ) ) A0 328 T ) 25 B
PR RCR AU TR 22 A 2 Y B i 2 4 2 3 o3 A A R A
T . SEgR A R R B 1 O BE HL 12 3l i e $
1 T JE A B AP B 8 . (X R D BEAIL 338 32 3 75 5K
XL P BE 2SR AR o o A SE PR TP AN 5 S B

¢

K5 fhblidLazs S8k o A

Fig. 5 Distribution of pseudo-random tool path
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Fig. 10 Error distribution of @30 mm planar quartz glass after fluid jet random tool path polishing
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