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Abstract: Aiming at the defocusing problem of aerial photoelectric remote sensors in different working
environments, a moving lens group is used to adjust the focus to ensure its imaging quality. The focusing
mechanism adopts the anti-backlash screw nut pair as the transmission mechanism, adopts 6 precision bearings
and elastic preload components as guide mechanism and adopts a pair of eddy current sensors and a diamond-
shaped detected part as the displacement sensor to ensure the focusing accuracy to the greatest extent under the
limited envelope size. The precision analysis of the focusing mechanism was carried out. And a test platform was
built to carry out the transmission positioning accuracy experiment and the shaking accuracy experiment. The

experimental results show that the transmission positioning accuracy of the focusing mechanism is within 6 pm,
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and the shaking accuracy is within 4", which meets the design requirements of focusing accuracy proposed by

the optical system.
Key words: aerial photoelectric remote sensor;

eddy current sensor
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Fig.1 Structure diagram of the focusing mechanism
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Fig.2 Structure diagram of drive-transmission component
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Fig.3 Structure diagram of sensor component
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Fig.4 Schematic diagram of displacement measurement
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Fig.5 Diagram of experimental scene
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Fig.6 (a) Relative displacement curves and (b) residual error curves of focusing mechanism

TESE IR JE S B A v i 4 ) 20 ok H L IE 4%
(7 3l N HE AR AT [ 8% 30, [, 72 R AR AT RE A A
YE LAY BR8] B 0.02 mm R 4R 1 5k — RS B N HE L
T A9 B PN T7 1) L1 S iR 22 st AL
P, A LRSI R . AR SR R,
HEHALIERE | R R AR 301 A S0 58, KR A 31
(1 S g K HEA T 04T, AR B AP 7 s

(2)

5

4 !

3 —— Horizontal direction
) {ILL H Il L1
1

0

—— Vertical direction

—

e “)“,‘ T e

Swaying error/(")
\

= (T T
~, I IJL. i L, l,.‘..“ h?

-5 . . . . . . . . .
—4.5-39-33-27-21-15-09-03 03 09 15
Displacement of inner frame/mm

—

> (b) —— Vertical direction
N TH | "T | Llll| —+ Horizontal direction
: *“ A‘T LLTET ot I
B LA ‘ Lm AN
e ! (4 J il
[ | ]
2 ° [ I Il
g—l i | ‘ o T T ‘
w2 i : w ‘ ‘ i
|| | | [
-3 et : . 10
g I§ui wi
4 -
-5

-45-39-33-27-21-15-09-03 03 09 1.5
Displacement of inner frame/mm
7 AL (a) TEFEAN (b) S e e LI S8 Sl BE it 2 151
Fig.7 Sway precision curves of focusing mechanism while stepping

motor rotates (a) clockwise and (b) anticlockwise

HiPE 7 AT, AR UMLTE IR 4% | B Wi i T A4
AN, B s WHEZRTEACE | B PS5 1] b S shi
ZEVIAE4" LA, T OG54 R LR A KT8 fH

4 & i

D i AR A ' R SRR /N g BRI R A B
SR, Ve SR AR L I 9 18] B 22 AT MR A 8l % 3 07 5K, Se i
TR R H AR B S, T T AR
AR 5L () £ P T AR A IR o X 9 FE LA
74 By 7 /5% B BE S 58 nT 0, 3% 8 AR AR 7 1 45
905 Bl PN A% Bl s RS BEAE 6 um LN, SE 3l RS B2 AE+4"
LA o Zid RATIR e, 2 't il i iR I FR LA TAR
R AT EE, JFARECT R A PR SEER A RIE T,
RN B S5 B | AT AR | R AR R
DU, LS 1B SRR W /N | R B A5 5 170 B8
TE A

S % 3k

[1] Zhang Hongwei, Xu Yulei, Li Quanchao, et al. Design of
focusing mechanism for lightweight dual-band aerial camera [J].
Laser & Optoelectronics Progress, 2016, 53(8): 082301. (in
Chinese)

[2] Fan Junjie, Li Fugiang, Cai Weijun, et al. Design of focusing
mechanism for long array focal plane with heavy load [J].
Infrared and Laser Engineering, 2021, 50(11): 20210270. (in
Chinese)

[3] Du Yimin, Jia Xuezhi, An Yuan, et al. Design and analysis of
focusing mechanism for a high resolution space camera [J].

Infrared Technology, 2019, 41(4): 305-310. (in Chinese)

20211122-5



ISk A2

% 10 1 www.irla.cn % 51 %
[4] Wang Kai, Yan Yong, Xu Minglin, et al. Design and experiment Chinese)

of precision focusing mechanism of space remote sensing
camera with lightweight and miniaturization [J]. Infrared and
Laser Engineering, 2018, 47(12): 1218004. (in Chinese)

Li Chuncai, Gong Yan, Li Jing, et al. Optical design of an
inducible human eye accommodation fundus camera [J]. Acta
Optica Sinica, 2014, 34(4): 0422001. (in Chinese)

Du Yimin. Design and analysis of focusing mechanism in high
resolution space camera[D]. Changchun: Changchun Institute of
Optics, Fine Mechanics and Physics, Chinese Academy of
Sciences, 2018. (in Chinese)

Fan Hongjie, Dong Jihong, Li Wei, et al. Design and analysis of
focusing mechanism for space camera [J]. Journal of
Changchun University of Science and Technology (Natural
Science Edition), 2016, 39(3): 1-4. (in Chinese)

Wang Kai, Xu Minglin, Xie Peng, et al. Precision analysis and
experiment of focusing mechanism of space hyperspectral
camera [J]. Journal of Mechanical Engineering, 2019, 55(12):
29-36. (in Chinese)

Lu Shiliang, Liu Jinguo, Jia Ping. Accuracy analysis of the
focusing precision for multispectral CCD space camera [J].

Infrared and Laser Engineering, 2013, 42(2): 392-397. (in

[10]

[11]

[12]

[13]

[14]

[15]

202111226

Xu Zhitao, Liu Jinguo, Long Kehui, et al. Accuracy analysis of
focusing mechanism of high resolution space camera [J]. Acta
Optica Sinica, 2013, 33(7): 0728001. (in Chinese)

Zago L, Schwab P, Gallieni D. Development and testing of a
high-precision high-stiffness linear actuator for the focus-center
mechanism of the SOFIA secondary mirror [C]//Proceedings of
SPIE -The International Society for Optical Engineering, 2000,
4014: 392-398.

Jia Xuezhi, Wang Dong, Zhang Lei, et al. Optimizing design and
precision experiment of focusing mechanism in lightweight
space camera [J]. Optics and Precision Engineering, 2011,
19(8): 1824-1831. (in Chinese)

Liu Bingqiang, Zhang Fan, Li Jinglin, et al. Analysis of
synchronous motion error for focusing mechanism of space
camera [J]. Chinese Optics, 2013, 6(6): 946-951. (in Chinese)
Liu Lei. Focusing range of space off-axial TMA optical camera
[J]. Optics and Precision Engineering, 2013, 21(3): 631-636.
(in Chinese)

Li Yan, Ge Wenjie, Zhang Xu, et al. Optimization and
experiment of a novel compliant focusing mechanism for space

remote sensor [J]. Sensors (Basel), 2020, 20(23): 6826.


https://doi.org/10.3788/IRLA201847.1218004
https://doi.org/10.3788/IRLA201847.1218004
https://doi.org/10.3788/AOS201434.0422001
https://doi.org/10.3788/AOS201434.0422001
https://doi.org/10.3901/JME.2019.12.029
https://doi.org/10.3969/j.issn.1007-2276.2013.02.022
https://doi.org/10.3788/AOS201333.0728001
https://doi.org/10.3788/AOS201333.0728001
https://doi.org/10.3788/OPE.20111908.1824
https://doi.org/10.3788/OPE.20132103.0631
https://doi.org/10.3390/s20236826
https://doi.org/10.3390/s20236826
https://doi.org/10.3390/s20236826
https://doi.org/10.3788/IRLA201847.1218004
https://doi.org/10.3788/IRLA201847.1218004
https://doi.org/10.3788/AOS201434.0422001
https://doi.org/10.3788/AOS201434.0422001
https://doi.org/10.3901/JME.2019.12.029
https://doi.org/10.3969/j.issn.1007-2276.2013.02.022
https://doi.org/10.3788/AOS201333.0728001
https://doi.org/10.3788/AOS201333.0728001
https://doi.org/10.3788/OPE.20111908.1824
https://doi.org/10.3788/OPE.20132103.0631
https://doi.org/10.3390/s20236826
https://doi.org/10.3390/s20236826
https://doi.org/10.3390/s20236826
https://doi.org/10.3788/IRLA201847.1218004
https://doi.org/10.3788/IRLA201847.1218004
https://doi.org/10.3788/AOS201434.0422001
https://doi.org/10.3788/AOS201434.0422001
https://doi.org/10.3901/JME.2019.12.029
https://doi.org/10.3969/j.issn.1007-2276.2013.02.022
https://doi.org/10.3788/AOS201333.0728001
https://doi.org/10.3788/AOS201333.0728001
https://doi.org/10.3788/OPE.20111908.1824
https://doi.org/10.3788/OPE.20132103.0631
https://doi.org/10.3390/s20236826
https://doi.org/10.3390/s20236826
https://doi.org/10.3390/s20236826

	0 引　言
	1 调焦机构的设计
	1.1 调焦机构参数要求
	1.2 调焦机构结构设计
	1.2.1 驱动-传动组件
	1.2.2 相对移动组件
	1.2.3 传感器组件


	2 调焦机构的精度分析
	2.1 调焦机构的传动误差
	2.2 调焦机构的传感器组件误差
	2.3 调焦机构的合成误差

	3 调焦机构实验
	4 结　论

