a6 % W1 2/ M Fx % W Vol. 46 No. 1
202541 H Chinese Journal of Scientific Instrument Jan. 2025

DOLI: 10. 19650/]j. cnki. cjsi. J2413427

EEBEIENNEEREESREEES SN

& R IE F AR Satay
(1 RO A MRS PRI RT M 2100165 2. RSB AS R KM 2 i R 245 1
T RPER AR ALRE  #A 210016)

 EOGIRERNNT & R — s (B 5 B A ARl 2SR, il 2R A T2 e e A AL IR v A 2 (3 el O T R R O
PRS- 938 18] E SRS B T — &P LR SISO IR B - &, 7R S5 A5 22 BRI AT A 6B 3 18 T — Rl iEAG 3%
FEIREE SRR R Tk, e, BT 2R R GG L AR BRAE I 1 SR, BT TP B NS MR A SRE R T
A AR T E R WA RRAEALE R 25 OB B iR 25 S RS IR 2E WL 1 B 5 | AR 251638 J I, IR AR 5 5%
B, Kl R ol iR G BIRE MG A S T A 18 IR ZE M SRR JL T T ey AR =T T 8
D B, 8 AT HT T 45 1R 25 X 48 0K B S M R B DL R iR 25 W 0A 7 B X 48 RS B s AR, IR BE PO B R T T
— SR LIRS RO GERER - & | 3T T 4 AR B A o I, IR A5 R R T AT & i R SR 3 <2. 27 i R
MAIRLE <. 17,6. 8 m FMEOCAN ¥ 7 EE EMARETE 0.20 mm LU, Z 7B EMIRZE R 0.42 mm LT, i1 45 5L 96450F
TS AT AR ERR T TR IR R A

KB WOLHRER T s 5 H0IR 20T 38 10 1R 2 ; AL ; B 75 FL AL

RESES ., THI1S XERERIREE: A BERREZERSEKRE . 460. 4025

Error modeling and analysis of a laser tracking platform
driven by ultrasonic motor
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Mechanics and Control for Aerospace Structures, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract : The laser tracking testing platform is a spatial large-scale coordinate measuring instrument. The machining and assembly of the
shaft system is the base for achieving high-precision measurement of the entire machine. To improve the pointing and positioning
accuracy of the laser tracking platform, a laser tracking platform driven by an ultrasonic motor is developed, and a method for evaluating
the pointing accuracy of the platform is proposed based on structural error modeling and analysis. Firstly, the platform’s topological
structure is established based on the principles of multi-body system theory and coordinate transformation. Secondly, the shafting
perpendicularity, coaxiality, feature position deviation, laser module assembly error, and the initial position of each static error are
incorporated into the error transfer matrix. Meanwhile, considering the platform’s rotation, dynamic errors such as bearing vibrations and
control errors are also incorporated. A well-comprehensive pointing error model of the platform is formulated. Based on the established
model,, numerical simulation experiments are carried out to quantitatively analyze the influence of each error, as well as the influence of
the initial position of the error on the precision of pointing. Building upon the established model, numerical simulation experiments are
performed to quantitatively assess the impact of each error on pointing accuracy and the effect of error initial positions. Finally, based on
the simulation results, a laser tracking platform driven by ultrasonic motors is manufactured. Axis accuracy and pointing accuracy testing

experiments are conducted. The experiments show that the platform has a wobbling of under 2.2" for both axes, with an angular
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measurement error of less than 1. 1”. At a distance of 6.8 meters, the laser endpoint exhibits a repeat positioning error of less than

0.20 mm in the Y direction and below 0. 42 mm in the Z direction. The experimental results validate the theoretical analysis process and

demonstrate the effectiveness of the proposed method.

Keywords : laser tracking platform; structural error analysis; pointing error; part assembly; ultrasonic motor
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Fig. 1 Structure of the laser tracking platform
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Fig.2 Topology of the laser tracking platform
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Fig.3 Coordinate system of the laser tracking platform
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Table 6 Repetitive positioning errors (mm)
WL Y Jr Tl Z )51 AL Y J51a] Z )51
1 0.20 0.28 10 0.15 0.29
2 0.14 0.28 11 0.05 0.29
3 0.03 0.42 12 0. 05 0.18
4 0.03 0.34 13 0.11 0.27
5 0.13 0.12 14 0.02 0.07
6 0.14 0. 05 15 0.07 0.15
7 0.04 0.03 16 0.03 0.25
8 0.04 0. 05 17 0.02 0.21
9 0.05 0.17 18 0.08 0.20
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Fig. 15 Repetitive positioning errors
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