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Elimination of shafting errors in photoelectrical
theodolites with standard-bearings

FENG Dong-yan'? ,GAO Yun-guo',ZHANG Wen-bao'

(1. Changchun Institute of Optics, Fine Mechanics and Physics ,
Chinese Academy of Sciences, Changchun 130033, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: In order to meet the requirements of a tracking gimbal for the lower cost, shorter manufac-
ture periods and higher interchangeable property,a new way of shaft transformation by using stand-
ard-bearings to replace thrust bearings was proposed. The axis error sources of using standard-bear-
ings were explained, then according to the principles and characters of the tracking gimbal, an error e-
liminating method to make the axis sloshing become parallel moving was given. Finally,an experiment
model of horizontal axis was designed, and the error of axis adopting zero level deep groove ball bear-
ings was tested and analyzed by the Fourier harmonic analysis method. The experimental results indi-
cate that the maximum error of shafting sloshing has been reduced from 6. 126" to 2. 430", which
proves the the feasibility of the proposed error eliminating method. It concludes that the higher level
bearings and right fixing plans can meet the precision requirements of small-scale tracking gimbals.
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Fig. 1  Schematic diagram of shafting error when

bearings fixed as method 1
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Fig. 2 Schematic diagram of shafting error when

bearings fixed as method 2
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Fig. 3 Design scheme of experiment equipment
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Tab.1 Test data in different states @)

. Al R IE LS

a/ (")
X, Y; X, Y,

0 —2.8 —0.3 4.0 3.4
18 —2.9 0.1 2.9 6.0
36 —3.0 0.7 1.2 3.2
54 —3.2 —0.1 —1.1 2.0
72 —4.4 —1.8 —3.9 —0.4
90 —5.7 —1.0 —5.6 —2.5
108 —6.0 —0.4 —3.0 —5.6
126 —5.6 0.2 —1.4 —3.0
144 —5.1 1.0 0.6 —0.4
162 —4.8 2.3 2.7 1.0
180 —3.7 1.4 4.6 1.8
198 —2.3 0.5 3.0 2.7
216 —1.2 —0.8 1.1 1.0
234 —3.6 —1.4 —0.5 0.4
252 —4.9 —3.2 —2.3 —1.0
270 —5.8 —2.0 —3.8 —2.8
288 —5.5 —0.5 —5.5 —5.6
306 —5.2 0 —2.9 —3.4
324 —4.6 —0.5 —0.5 —1.5
342 —4.1 —0.8 1.7 0.8
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Tab. 2 Harmonic modulus a;

R IE A R R
“ X, Y, X, Y,
a,/2 —4.220 —0.330 —0.435 —0.195
a, 0.072 —0.398 —0.496 0.633
a, 1.156 1.109 4.079 3.113
a; —0.021 —0. 586 0.438 0. 146
a, —0.330 —0. 235 0.067 0.063
*3 BERH L UTEE
Tab.3 Harmonic modulus b,
b R IE % 7R e
X, Y, X, Y,
by —0.165 0.624 0.077 0.551
b, 1.250 —0.513 0. 689 2.399
b3 —0.334 0. 362 0. 342 0.594
b, 0.231 0. 369 —0. 105 —0.435
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Fig. 4  Harmonic curves of wobbling components
with bearings fixed as method 1 in horizon-

tal directions
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tal directions
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Fig. 6 Harmonic curves of wobbling components

with bearings fixed as method 1 in high and

low directions
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Fig. 7 Harmonic curves of wobbling components
with bearings fixed as method 2 in high and

low directions

ME Al DU e AR 1 2 42 76 Al R O SR
UL & BR T 58 U I R 0O A 3 D it R
OB B AR AL . B8 R D R RO (B e R
{6 i SAE S 1 2. 828"/ Sy 1. 199", Wl ULl 7K IE
el T DL b e IR 18 i U I R RO AR
AR 2

2 W hh 28 1R 22 UL AK 23 AT R L 00 o 4K
T ao /2 WP T 5 BTSN R B, —
YOI LA 2 g Joi 01 o R 3 1080 -5 PN 2 [ 77 1 i
o UGB O . 30 Wl R R IR R R
2 MK P 1) 50 A2 T8 L LA e 55 il 7RI 5 1 Al Y
IR B R 22 . A — B2 T R STt AN 4
S BURBEER M AR BEE o ZUOE K
S5 Al £ T J5E s 7 A B T P 2 e i o 1Y
SAIBIRIRZE . PR BRI A il AR e Bl D S
SR 22, WK B IR ELAR 22 IS W 25

AR LA L 53 4t Al R Al D 2 mT LUAE AS 3
A5 22 B DL T ORI D — O AR B R
2% RV /0 i 7 oA LA i 1) Bk Bl iR 22
4.3 HWARHESN

il 28 S S AE R A K F- T 1) 9 23 Pl AR
IR :

SXD=y, ty., Ty, Ty (8)
SYD=y, *y, ty, Ty, - (9

MARRE v A
yi=/ XD+ Y . (10)

P 8 1 9 At b R I 2K M B 1R Al AR SR Bl
i 2% .

25

2.430
2.0

T/( ” )

050 100 150 200 250 300 350 400
o/(*)

B 8 HhzkIER A R R ahih £k

Fig. 8 Shafting error curves with bearings fixed as

method 1
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