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Precise localization of rotary symmetrical aspheric
workpiece in magnetorheological polishing

ZHOU Tao, ZHANG Yun-fei, FAN Wei", HUANG Wen, ZHANG Jian-fei
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China Academy of Engieering Physics, Mianyang 621900, China)

% Corresponding author , E-mail ; wei fanl127 @hust. edu. cn

Abstract: To enhance the precise localization of rotary symmetric aspheric workpiece in
magnetorheological polishing, an improved two-level positioning method (ITLICP) based on iterative
closest point (ICP) was proposed in this study. The magnetorheological polishing characteristics and
requirements revealed that the constant immersion depth control determines the principle of workpiece
non-leveling positioning. The classical ICP algorithm was applied to overcome the drawbacks of
rotationally symmetric aspheric workpiece positioning of non-uniqueness and low computational
efficiency. In this study. an initial iterative matrix was constructed to realize the unique specified
matching of the workpiece position and a vertical mapping method was proposed to reduce the
matching point cloud size, thus improving the computational efficiency. Then, an improved two-level
ICP precise positioning method was proposed. The positioning and verification experiments use a @100

mm concave parabolic fused silica workpiece. The results show that the precise positioning method
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ITLICP satisfied the requirements of magnetorheological polishing positioning. The positioning error

is less than 9 pm and the average positioning time is 7. 3 min. This demonstrates that both the

positioning accuracy and efficiency are improved.

Key words: magnetorheological polishing; rotary symmetrical aspheric workpiece; Iterative Closest

Point(ICP) ; specified match; vertical mapping
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HJ 1 pm, ME Y BE TR R AR
480 mm., ¥ PV 4 0. 224, 7 %0 5 4% & 2% hy
TR = A bR 4% il A% AN B SRR
+1 pm, AT LRI B HLEE R 64 {7
Win7 #/E &5 .8 GB IN£HI i7-6700CPU,

Ty q"\
Polishing wheel  Air cylinder # i

Renishaw

Aspheric optical_
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Fig. 7 Experimental workpiece and equipment for mag-
netorheological polishing of rotary symmetrical

aspherical surface
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HARSCE L BT

AR 1M A i RE O 2R X T HEAT A
i $ 1E LRI 6 -, R 77 JE 43 = Ak A AL 12 2 3
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Tab.1 Measurement result of workpiece pose
(mm)
) £ x v z
1 —499. 270 —474. 586 —284. 878
2 —539. 270 —474. 586 —283.073
3 —519. 270 —474.586 —284.393
4 —479.270 —474.586 —284.526
5] —459. 270 —474.586 —283. 341
6 —499. 270 —514. 586 —283.176
7 —499.270 —494. 586 —284. 444
8 —499. 270 —454. 586 —284.476
9 —499. 270 —434.586 —283.242

A0 3 LI 1 T8 5 Sk Ak s SR A5, K B AR A
R T R AT R AR R, B HL )RR A
1 mm, B A= PINE 8 Frn,

~10 10

Y/mm_lo
-50"_5¢ =30 X/mm

=30

Kl 8 CAD BRSNS =
Fig. 8 Point cloud of CAD model

AUE 4 HEATES — 2% ICP DU 344, 2 A0SR fif
B — G B, BT, L1 pm S [ BR
HEATAS RN SR, ot BARA S 05 = AT B S
Mo PN 9 TR, N5 — G 4 WA D 5
TRICECA) IR E AR A E ALK BE 0 =7 pm,
SRARAG BN 4 5 T,

1 0 0.0038 —499.273 1
| o 1 0.0008 —474.5868
"] —0.0033 0.0008 1 —284.875 8 |

0 0 0 1

=30 50

9 WL RN LS A
Fig. 9 Ideal point cloud after mapping

M S 5 AR AL 28 = 1 P ICP DR i
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W AFF)R 2 Fros R MRS 5 28
—cos Bsin y=T,(1,2)
sin B=T,(1,3)

—cos Bsin a=T,(2,3)

2D
d.z:Tu(4’1)
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0
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Y/mm -10 -30

1
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Fig. 10 Matching result of point clouds
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Tab. 2 Solution result of rigid body transformation

parameter

B8 C) YO v/ d./mm d,/mm d./mm

i 0.047 —0.1916 0  —499.273 1 —474.586 8 —284.875 8

SRR MR AR AR B Ry S 0, L)
WHT TAESRHLIR Z Be 5% A 5 1 {8 AH [H)
14 DG 5 850 3 ) e 75 3] 100 S it 55 00 2 oK fik 25
SR IR — B0 MW IS T A S B o7 28 AR X T B
RO A HA SR X K Y Sy e i 23 L 20 3
0. 047° ¢ —0.191 6°, & 11 FF % i B 9
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Tl b 8 A R DT FC A5 SR JEAT B0k M k=0, 8, D=
100 mm ., 7EFRAR AL 2 T B0 ik 5509 A0 45 B, 45
mk 3 . FIH Tu‘ﬂ%ﬁ)?i_ o o L S 1) T4 55 B
LA IEWIRBARR T L H] Je 4 = A bt
Yﬂjaxiﬂjjfﬁﬁﬁ(xci,yc,-)AL,IH%EE’\J Z [} 5
PR E zc. 4 s o 56 Uk s 00 3 5548 K S
1B, Z 1) 7€ AV 15 22 18 T 530 (8 55 S5 0 L 1) s 22 o R
M4 pm,

Workpiece centre

Measuring point

B i S A

Fig. 11 Distribution of measuring points
x3 WIERBEEMCE
Tab. 3 Ideal pose of verification points  (mm)
B IE 5, x y P
1 —28. 284 —28. 284 1. 667
2 —28. 284 28.284 1.667
3 —14. 142 —14. 142 0.417
4 —14. 142 14. 142 0.417
5 14. 142 —14. 142 0.417
6 14. 142 14. 142 0.417
7 28. 284 —28. 284 1. 667
8 28.284 28. 284 1.667
x4 WERIHRULENELER
Tab.4 Measurement result of actual pose of verification
points (mm)
Bk A x ¥ z ¢ Ac

1 —527.552 —502.870 —283.091 —283.090 —0.001
2 —527.552 —446.301 —283.135 —283.138 —0.003
3 —513.414 —488.729 —284.398 —284.400 —0.002
4 —513.414 —460. 444 —284.423 —284.423 —0.000
5 —485.130 —488.729 —284.494 —284.495 —0.001
6 —485.130 —460.444 —284.517 —284.518 —0.001
7 —470.983 —502.870 —283.277 —283.281 —0.004
8  —470.983 —446.301 —283.325 —283.327 —0.002

BB TR, B R RS g, B 12 BT
RN 20 AR 2T ik s Z ) 3 5E 5 D
E AR RN 22 Az 70T o Az 0055 7 I 1R 22
K ITLICP g i 25, 10l & s 09 SEBR1E A =7,
= (22) fir 7R

r=zc—e —é&. (22)

W TTLICP J5 ¥k B IR 22 e P RIN N «

e=zr—zc=(zc—=z2)— (& te). (23)

HIPE 12 AT, SEBG Ik A Z iR S
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SR MBS o B0iE s 1 SE PR g AL iR 22 & /NT Z Bl
FENIKEBE (3 pm) s H e, <<1 pom, WIZE B IE 256
ITLICP kM e 1R 2 e BT 9 pm, il 2 AL

-5t
é
N-3

1 3 5 7 9 11 13 15 17 19
Experiment number

B 12 ARFEALE T IAE A Z 1 T E 5 58 D {8 Y 55 K M 22

Fig. 12 Maximum deviation between calculated value and

measured value of verification point Z in different

poses
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Figure before processing Figure after processing
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Fig. 13 Experiment results of parabolic mirror modification

after self-positioning
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Tab.5 Comparison of matching efficiency between classical ICP and ITLICP

PR Ak TR/ mm WSO E/pm BEsSafdEe/r WESEE FIHUCEAE/min AR E/pm
2 M ICP @100 7 785 398. 15 9 El —
-2 0.78
ITLICP @100 7 9 1.3 <9
W% 5 654.87
WIETF 9 pm, P EMBIEI A 7.3 min, 5 AT
5 % i TSl T H 27 3 GRE S Y 1 9 7

AR SCAR 8 0 I 78 40 ' 9 TR A R L 4R
T —Fp 3T ICP Y 1] 5 % B A BR 1w T 1 K 0 22
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22 TTLICP i /2 0% it 2% 56 i g A7 225K, w] 52 3
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