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Measurement method and error analysis for angular positioning

error of rotary axis
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(1. Key Laboratory of Luminescence and Optical Information of Ministry of Education,
Beijing Jiaotong University, Beijing 100044, China;
2. Xi'an Institute of Applied Optics, Xi’an 710065, China)

Abstract: A measurement method for angular positioning error of a rotary axis based on fiber laser
autocollimation was proposed. An error model was established including the motion errors of the rotary
axis and the installation errors. By simulating and analyzing the impact of these 23 errors on measuring
angular positioning error, the results showed that only four installation errors between the reference and
the target rotary axes have influences depending on the rotation angle of the rotary axis. And only the
two angular errors need to be made fine adjustments to insure that the influences were less than 0.2".
The angular positioning error of an indexing table was measured by the measuring device built. The
repeatability value for measuring three times was about 0.9”, and the maximum comparison deviation
from the optoelectronic autocollimator was about 0.6”. The results show that the angular positioning error
of rotary axis can be measured high accurately with a full-circle measuring range by using the method
and device, and the proposed model is verified.
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Fig.1 Principle of measuring angular positioning error based on fiber laser auto-collimation
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Fig.2 Motion errors and coordinate systems of a rotary axis

1

T, =tans(6,)tans(,)tans(8 )rot( g rot(g,)rot(e+60)=

A H  tans($,) L tans(§,) . tans(8.) K F-FEHi % ; rot(&,) .ot
(&) .rot( s+ 0) N HEF I

KT A BT REIN A il iz 215 2 RS 2 2 3R 2 X
S AR LR 2E M B2 R 27 i il Y 8 LA
JE I 2 T TR A R B, R Z W S5 el A
BRI S 45 AR I S S S An A 3 B R )
BN S HRIRR . B SH A Nisshk
bR 2, IS T4 6 F T B0 Ab 5 g7 1 11 R A

cos(b+¢)
sin(6+¢,)
—gcos(b+e)+esin(b+¢g) esin(b+e)+ecos(b+e) 1 0.

SEE IR R A BR R 0 R R IZ S A bR R 1, TR
A1 I A il ) s i L A Y T RO A e Tl e
oo Mg shd B, T IEEAAR R 0 By X,
Y. Z R s s AR N A BR &R O, R m AE R S,
8.8 AL X Y Z Wiz s B AR R 1,
JER mTTICH &6 e+0,

WARRIAZ B2 58, DL T, F7s MARFR 2 m 5
AEFR R n LS B SRR AL bR AR B, H IR A
iz B4y L FE T LA SRR FE Sl B 32 8h 0 55 AR A
gE S

il

—sin(6+¢,) &
cos(b+¢&,)

>

—&,

L

0 0 0 1

B C I AP F 3, JELE AL T 1 R S B A 32
TR 32 0 T 5 Ak 7 ek BT AR B 2R 4, JELAS
37 T BT AT TR R P A

SRR RE T, K, TS % A
T HE DI B AFAEAS [ i B 22102, Wk
S O O B Ear TN £, BB HH L W 555 0
1 AR .

cos(&,—0) —sin(&,,—0) Eaw O

T2 sin( &,,—60) cos(&,,—06) —&w  Ow @
U —8uc0s(Ew— 0)+ EuSiN(Ew—0) EuSIN(Ew—0)+Ewcos(em—0) 1 S,
0 0 0 1

LA B .C /NG PRI G0 TR, M =
BN RR I, PN 8, o8 A FI B Z I8} Z4h
Tl e R 22

Measurement unit Plane mirror €

Reference rotary

Pl 3 4% 2H P IR AL B % A A B T IA]
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