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Abstract: In order to achieve high-precision calibration of circular division artifacts with sub-arcsecond
level, an angular measuring system based on a high-precision angle comparator and an autocollimator
was established. A nonphysical circular indexing error detection method was studied, and the scheme
to control measurement error was investigated. Firstly, the structure of self-developed angle compara-
tor based on vacuum preloaded air bearings and ultrasonic motors, and the construction of the whole
measurement system were introduced. Secondly, the measurement algorithm for circular indexing er-

ror detection was analyzed by the circular closed principle and the least squares principle. Thirdly, the
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sources of error in the measurement process were discussed and the methods for eliminating error

sources are analyzed. Finally, based on the measurement system, the circular indexing error of the

multitooth indexing table was measured, and the measurement uncertainty was analyzed. The experi-

mental results show that the maximum circular indexing error of the self-developed angle comparator

and the indexing table is 0. 12" and 0. 15", respectively; the measurement uncertainty is 0. 05" (k=2).

Thus, it shows that the measurement system satisfies the high-accuracy calibration of circular inde-

xing error with sub-arcsecond level.

Key words: angle comparator; angle calibration; dividing error; error analysis; uncertainty evaluation
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Fig. 1 Schematic diagram of angle comparator
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Fig. 3 Block diagram of controller system of angle

comparator

9K Bl 4 ] 22 55 P S A S Bk OBl A RN
BRHCRA N, 4 DTS Dk fE M B A0,
FIFHEE SR UK S e (5 SC R oK Raz 8y, B 3 R
T GG RGHER B JE H SPiiPlus J7 A8 3K
4% 0 (UDIhp4422N0IN, ACS™) 2234 T 52 i
1 3 4% 1 4K 1 (SPiiPlusSC HP0800004BAYS5A ,
ACS™) fy H figi . B3 #L 3K 3 #F (AB2, Nanomo-
tion™) .4 B A P & 3K (HR2, Nanomotion™)
FIREH Sk 4 11 #8 (ERPS80 , i 9 ™) 4H i, 4
AN SR IR — ], T A Bk R s g,
TR R 000 1T ) O K X A 3 Sk A6 B
Pt FEAT V-2 ARAS A B T R 5 0 07 B AR AR R
[l 6 0 SR B 3 R T B 2 14 8 20 kHz, % G H
A ERP88O [B St 7E 360° AL 4E 180 000
ZI 2%, IR B P 2" BT Ay, T AR AR Y
0. 001 8"fH& il 73 HE %
2.2 MERZHNER

RGN A T AR S B . A I e R
B A 5 A AR R AT LA, HE AR I M 2 R Y
0B i 25 B L SR 5 X Bt AT AL PR P
A ARk 25 BRI R 2

a1 R e AR A £ A AR 3 & bR T B
B AR BETT R 5 Ah R LR 2 164 B L F TE LAY
MZmb RS, M e B EEE RS E 1
Jis s BN 4 iR O 20550 B G R
o B2 2 AR B R IR 2 B b Bk R
2] IR W i DO R i EL R A1 0 D 7 AN IR TN
BRI 5 4 B ] 2 v RSP AT R R
e FL R0 R AR A% puty) 5 2 16 43 B 15 1Rl 5% o
O A P AR 220 L R O A
AT IR A L 5 b R T AR T L A
EHTRETFTIFSHOES MGN +F50
R B8 28 17 5 43 JE 5 1) 0 vp o B 46 P47



CAE O PRER I FiE) S i

e 15 16 15 23 B2 % R A o o £ 113

AR SO B0 I S A I R T LA S B A
RS  ZHREMZ W0 G =& Z M E
A R AR JEE T e 5 e R L R A LA
R P ik AT LA S B o A B R o

x1 AENEEENTERASH

Tab.1 Technical parameters of angle measurement de-
vices
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Fig. 4 Assembly of angle measurement devices
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Fig.5 Schematic diagram of circular dividing error

detection
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Fig. 6 Drifts of autocollimator in environment 1
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Fig. 7 Drifts of autocollimator in environment 2
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