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Layout Design and Analysis of Vibration Damping System for Airborne
Optoelectronic Platform
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Abstract: Airborne optoelectronic detection equipment is a critical component in military applications.
To ensure the imaging quality and stabilization accuracy of the optoelectronic platform under airborne vibra-
tion environments. an appropriate vibration isolation design is essential. A dynamic model of the vibration
isolation system is developed to analyze the effects of isolation stiffness, layout configuration, and the
center-of-mass position of the optoelectronic platform on system performance. Results indicate that the op-
timal layout scheme is to maximize the span of the isolator arrangement while ensuring coincidence between
the platform’s center of mass and the stiffness center of the isolation system. Finite element simulation is
further conducted on the system layout model under airborne random vibration conditions. The simulation
results show that increasing the isolation span significantly suppresses angular vibration near the natural fre-
quency points, achieving a reduction in angular vibration amplitude of up to 70%. A smaller distance be-
tween the platform’s center of mass and the stiffness center leads to reduced angular vibration amplitude in-
duced by linear vibration coupling. Strictly controlling this distance to within 5 mm can reduce the root-
mean-square (RMS) value of angular vibration by more than 84%. Additionally, increasing the damping
ratio of the isolation system effectively attenuates the angular vibration amplitude.

Key words: optoelectronic platform; vibration reduction; angular vibration; stiffness center
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Fig.1 Curve of the relationship between

transmissibility and frequency ratio
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Fig.2 Schematic diagram of vibration of the

photoelectric platform
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Fig.3 Layout diagram of the vibration damping system
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the platform around the y-axis

£ 15 Hz &b 5t K 78 26 Hz Ab i BH J5) 36 06 46 5 /{8
R S AR 2l (B 5 B L A IR Bl R BE A
R P e MR

AR D4R B o BELJE G T8 A 43R A O 4 R 3
A BFMWRAEN . Pt — BT e X f AR 3h
AIRZ I 5 ORI L AN ) A 26 TR
5% i 60 P 0 A B2 2 05 ARAE IR fEL R e T REEPIL AR 3l
R B B AR BN KF . TSR A 14
frs . FEARE BELJE He 2600 T - 3R 30 B 2 07 AR
B8 A AL P 8 DR TT 398 Ks TR AR ) 2 B 264 L R B A
JIE ¥ 77 AR {EL B FELJE LU A 38 DR I/ s A= O )L 4R
Bl JE 4 7 A2 S O3 FHX T 500 1 35 i 725 MY 38
Hs (h = 30 mm) » A% 52 i 5O 55 B2 o L
h<<5 mm, fAIRS BT AR(E AT AR 8406 LI L

400

—a— ¢=0.10
—o— ¢=0.15
€=0.20
3 300 F —v— ¢=0.30
3
=
é 200 F
2
=
2 100

0 = 10 15 20 25 30 35
S5Ol O B A/mm
14 FESZEyHMARIABEHFIRE
Fig.14 The root mean square value of the vibration

angle of the platform around the y-axis

i LB AT BRIC e B 45 R AT 2 B 0 S
T AR 9 B2 v 0 B I AR BN 5 AR IR B 8 4 R 5
- 5 5 U R P RE O B RS O 2 kBl
A 4R B0 B8RS 5 B 5 38 IR R A B B T A A
il £ 4R Bl s 35 R LS B RT AR A IR SR AEL . PR
TE G L 15 IR BT I 3 AR A L AR
22 ) JO O 07 B O 418 v B AR 4 BELJE o AT A S5 o £
Y 3% A I S A IR o

ARSCHSL TOLH G R RS sh )y,
IBE S LAY f) 3 b A JR 1 2R B 5 07 R R AT I
S AR WG B 5 G R WRE G
AT S B AR B0 45 A ik 3 g 4 5 2 — A0 IR B R Y
B AR A5 B BT DA R AR G Sl W il AR
3 500 B B DR M JBE s IR E AT B 5 O £ AR R
PR R ] B 3t 410 ) £ 4R 3 X A IR SR 5 B4 B2 T
/N T RS O TR S SR A T B

AR SCEE RS A [ 1) A Jey B Xk A7 A R T 0 A
Bt 3 IR A S RS A R RO S A
190 JBAIR gt BEL 9 B T 58 R B A AR T
iR sh B9 AR HL Y B B BRI A S PR

SE Lk

[1] QI Yuan, WANG Huilin, XU Qingqing, et al. A New
Flexible Gimbal for Electro-optical Sighting System
(EOSS)[J]. Optik, 2021, 242: 167016.

(2] kA, SOF . B8 02 G it 3R 3 sl 75 i B R

[T]. SR . 2003, 29(3) : 281-283.
ZHANG Bao. JIA Ping, HUANG Meng. Passive Vibra-
tion Control of Image Blur Resulting from Mechanical Vi~
brations on Moving Vehicles [J]. Optical Technique,
2003, 29(3): 281-283.

(3] Xgite, Bk, £ . HLEUGH MBI IR & it
SRALT]. s EAUACCR, 2014, 25(10) : 1308-1311.
LIU Jiayan, CHENG Zhifeng, WANG Ping. Design and
Applications of Rubber Shock Absorber in Airborne Photo-
electric Pod[[J]. China Mechanical Engineering, 2014, 25
(10): 1308-1311.

(4] HEZ. Ot MRk R ERITLT] O K% T
&, 2010, 18(9): 2036-2043.

GAN Zhihong. Design of Inner Frame Vibration Absorbing
System for Optoelectronic Pod [J]. Optics and Precision
Engineering, 2010, 18(9): 2036-2043.

(5] GBS, B, dRaE . ot 2s BLAROL 2 B 4 1Y Ik 3l 43 Bt K i 8
WAL e R TR, 1997, 5(3): 58-63.
ZHAO Peng, YANG Mu, ZHANG Bao. The Viberation
Analysis and Damper Design of Optic Instrument in Flying
Platform [J]. Optics and Precision Engineering, 1997, 5
(3): 58-63.

[6] JOHNSON C, WILKE P. The Whole-spacecraft Vibra-
tion Isolation System - Its Time Has Come[ C] //Space
Technology Conference and Exposition.
1999: ATAA1999-4467.

(7] ZXEJe. 80, AWM. 5. el me It M A # 9 sh ik

WARGHFET]. k35 bl . 2012, 31(16) . 88-91.
LI Yulong, HE Zhongbo, BAI Hongbo, et al. Non-angu-
lar Displacement Passive Vibration Isolation System for Op-
tical Pod [J]. Journal of Vibration and Shock, 2012, 31
(16): 88-91.

(8] BB mRAR . MEfgoth-Fakitl] b7
2#4.2009.38( 8) :2108-2111.

QIAN Yixian, LIANG Wei, GAO Xiaodong. Design of
optoelectronic platform for stable image on airborne recon-
naissance[ J]. Acta Photonica Sinica 2009 38( 8) : 2108-

1963 -

Albuquerque



hE LM T AR 28 37 B 2 S 2026 4F 8 H

2111.

(9] BeMs &yt BTl . HIE AN & W4k 3 &l
Ko ArlI ] MK [ SR8, 2012, 33(5) : 39-46.
DUAN Pengfei, FAN Bin, XIANG Weiguo. Vibration
Isolation Design and Test Analysis of Opti-electronic Plat-
form for a UAV[J]. Spacecraft Recovery &. Remote Sens-
ing. 2012, 33(5): 39-46.

[10] VIJAYAN V, KARTHIKEYAN T. Passive Vibration
Isolation by Compliant Mechanism Using Topology Optimi-
zation with Building Blocks[J]. Research Journal of Ap-
plied Sciences. Engineering and Technology, 2014. 8
(13): 1522-1530.

[11] LIU Yanqing, MATSUHISA H, UTSUNO H. Semi-
active Vibration Isolation System with Variable Stiffness
and Damping Control[[J]. Journal of Sound and Vibration.,
2008, 313(1/2): 16-28.

[12] ‘K5 . &w.OAESENRIRASERMEmRIT] il
HAR, 2007, 47(6) : 178-180.

ZHU lJianyong. Effects of the Position Errors of Gravity
Center on Performances of Shock Absorption System [J].
Telecommunication Engineering, 2007, 47(6): 178-180.

[13] sk PN . Ot s B & Ol o 2l el Ak B R AR 5 0 BB 5

(D mep v e Bk 2 e 2 (b [ ) 2% g Ol v B AR WF 52
Jir) . 2022.
ZHANG Zeqing. Modeling and Simulation of Passive Vi~
bration Isolation Technology for Optoelectronic Equipment
Visual Axis[D]. Chengdu: Institute of Optics and Elec-
tronics. Chinese Academy of Sciences, 2022.

[14] FFhe, EHEM, EAR, 5. HLEOE R & R R

WEELT]. WiOE2:, 2022, 43(4): 611-617.
QI Yuan, WANG Huilin, HUANG Weidong. et al. Vi
bration Reduction Technology of Airborne Photoelectric
Stabilized Sighting Platform[ J]. Journal of Applied Optics.,
2022, 43(4): 611-617.

(E3E$E195517)

[18] CHU Jinkui» ZOU Yanhuo. An Algorithm for Structural
Synthesis of Planar Simple and Multiple Joint Kinematic
Chains[ J]. Proceedings of the Institution of Mechanical En-
gineers, Part C: Journal of Mechanical Engineering Sci-
ence, 2014, 228(12): 2178-2192.

[19] DING Huafeng, ZHAO Jing, HUANG Zhen. Unified
Structural Synthesis of Planar Simple and Multiple Joint Ki-
nematic Chains [J]. Mechanism and Machine Theory.,
2010, 45(4) . 555-568.

[20] THEge, wa, B . @ahiEm A A 22k i K

ML, HLAR TR %4, 2006, 42(4): 32-36.
DING Huafeng, HUANG Zhen, CAO Yi. The Topologi-
cal Graphs Creation Automatically of Kinematic Chains and
Atlas Database Establishment [J]. Journal of Mechanical
Engineering, 2006, 42(4) : 32-36.

[21] YANG Wenjian, DING Huafeng. HE Yong. et al. Study-
ing the Optimal Layout of Topological Graphs to Facilitate
the Automatic Sketching of Kinematic Chains[J]. Journal
of Mechanical Design, 2017, 139(8): 082301.

[22] YANG Wenjian. DING Huafeng. KECSKEMETHY A.
A New Method for the Automatic Sketching of Planar Kine-
matic Chains[J]. Mechanism and Machine Theory, 2018,
121. 755-768.

[23] SUN Wei, KONG Jianyi» SUN Liangbo. A Joint ~ Joint
Matrix Representation of Planar Kinematic Chains with
Multiple Joints and Isomorphism Identification [J]. Ad-
vances in Mechanical Engineering, 2018, 10 (6)
1687814018778404.

- 1964 -

C15] Uik . HLESEH MR R ot /et ar sl ] T
BB . 2024, 55(6) : 80-84.
SHI Yongning. Research on Layout Design of Vibration
Damping System for Airborne Optoelectronic Pods [[J].
Construction Machinery and Equipment, 2024, 55 (6) :
80-84.

(161 2, Vg, 406, % . shd KL P & Mk ol Ik ot
[7]. 546 . 2006, 27(5): 614-617.
AN Yuan, XU Hui, JIN Guang, et al. Design of Angular
Vibration Isolation for Optoelectronic Platform on Moving
Vehicle [J]. Semiconductor Optoelectronics, 2006, 27
(5): 614-617.

L17] EFIR, ERE R . TAHLEOEHE T & B4R e Ik
SA3HTLT]. £0AM S RO TR . 2024, 53(1) :20230432.
Wang Zichen, Wang Donghe, Zhu Wei. Test and Analysis
of Vibration Characters of Damper in EO Platform of UAV
[J]. Infrared and Laser Engineering.2024.53(1):20230432.

(18] #Jiot. HLAEH MR IR R R LRIRLT ] R& IR
T, 2021, 18(2): 20-26.
DONG Wanyuan. Research Review on Vibration Isolation
System of Airborne Optoelectronic Pods [J]. Equipment
Environmental Engineering, 2021, 18(2): 20-26.

(FEE B B)

& 2o s GEIEIER ), W 199148 A4 B BF 9 A . 9T
J5 1] A LG LR A 45 K 1T . E-mail : 1361076194@qq. com.,

A SCH RS A

FEEBL & W MLBOLHF SR R G R 5000, T
LA T # . 2026,37(8) : 1956-1964.

WANG Weiqi, LU Ming. Layout Design and Analysis of Vibra-
tion Damping System for Airborne Optoelectronic Platform [J].

China Mechanical Engineering,2026,37(8) : 1956-1964.

[24] SUN Wei, KONG Jianyi» SUN Liangbo. A Novel Graphi-
cal Joint-joint Adjacent Matrix Method for the Automatic
Sketching of Kinematic Chains with Multiple Joints [J].
Mechanism and Machine Theory, 2020, 150: 103847.

[25] YU Luchuan, CHAI Wenhao. Automatic Sketching of Pla-
nar Kinematic Chains Based on the Optimal Layout Algo-
rithm[ CJ//Proceedings of the 2024 3rd International Sym-
posium on Control Engineering and Robotics. ACM,
2024. 216-222.

[26] LOHUMIM K. MOHAMMAD A. AHMAD KHAN I.
Hierarchical Clustering Approach for Determination of Iso-
morphism among Planar Kinematic Chains and Their De-
rived Mechanisms[J]. Journal of Mechanical Science and
Technology, 2012, 26(12): 4041-4046.

(RE K B)

TEERN: 8 4.2, 19994 W LAFsE A . WF5E 7 n) R LA
Hepd, A E & GEEEE) B 1979454 847 1. )y
T AL 2 AL R 3] . E-mail:sunlb1979@163. com.

AR SCH IS

FEEE  FhsE O, TR R 45 TR AL BRI s Sl R AR A
FhzzllI]. b E P TR 2026, 37(8) : 1947-1955.

XUE Yu,SUN Liangbo.ZHANG Bohou. et al. Automatic Sketch-
ing of Kinematic Chain Topology Graphs Based on Optimized
Branch-chain Matrices[J]. China Mechanical Engineering, 2026,
37(8):1947-1955.



