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A study of Tuned Mass Damper (TMD) Application for Mass Imbalance
and Vibration Reduction in Gimbal Systems for High-speed Maneuverable
Vehicles

1,# 1 1 = 1 2
Uz, oIS F, 01FF, ZHE!, HXIQ
Jun-Soo Kim'#, Dong-Kyun Lee', Jong-Kuk Lee', Hyeon-Jun Cho', and Ji-in Jung?
1 LIG YA 7|AHFA (Mechanical Engineering R&D Lab, LIG Nex1 Co., Ltd.)
2 28t (Agency for Defense Development)

# Corresponding Author / E-mail: Junsoo.kim@lignex1.com, TEL: +82-31-8026-4465
ORCID: 0009-0005-7707-6139

KEYWORDS: Disturbance torque (2|2t E3), Transmissibility (=), Finite element analysis (7-5t245H4d), Dual axis gimbal (2= &IH), Anti-vibration design (LHZI4A47|)

This study proposed a method for simultaneously reducing mass imbalance and vibration in gimbal systems utilizing a
tuned mass damper (TMD) as a balancing weight. Finite element analysis (FEA) and experiments were used for testing the
method. Mass imbalance in gimbal systems generally causes external disturbance torque. To reduce this, a balancing
weight can be used. However, weight increase due to balancing weight causes resonance in the gimbal system, which
generates bias error in the gyroscope sensor. This study demonstrated that both mass imbalance reduction and vibration
reduction effects could be achieved by utilizing a TMD as a balancing weight. FEA results showed that the mass
imbalance reduction effect of the gimbal was not affected by TMD. The magnitude of vibration response at the resonance
point was reduced by about 98% with TMD. When a TMD was applied, the magnitude of the vibration response at the
resonance point was reduced by 98% to the same level as that of the gimbal. Bias error of the gyroscope sensor was
reduced by about 95% or more. These results show that a TMD is useful for effectively reducing mass imbalance and
vibration in gimbal systems while improving gyroscope sensor performance.

Manuscript received: June 25, 2024 / Revised: September 24, 2024 | Accepted: October 2, 2024
This paper was presented at KSPE Spring Conference in 2024

1. ME 7o) 5 A BE E8E $EY 5 vk AR 7]
of WigiAR QIRt TA, S AR 5 HUE dsol

AL 9 GAE AMAE 284 owshs Yo R 4 o] Zth= TS 71A) 1 9k

Fohz 7IARAE visid, AFF A, Fe71, #A7] 5 Back 52 7]o] 7ol 23he 25 o] Wigiale] V&

chget EBEOlA ARgET 9 7|8 FueSEEEeR FAske Wil itk A&
AL EUE el weh A 71E 28l = RSk

S5 e, Jdstal A - Aol At gt MefA] 24E Sl -5 FUE Pl 7RSIt 7)o
7% W2 Aol T1ES 88 S5 A3 V1ol e & WAl mE ARl EAs] wiiel o1& JiAlsh] gt

Ao e ARgE) gt A7t Basi.

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



858 / November 2024

BEHUBSSA| M1 M 115

Elevation Azimuth
(pitch, B¢) (yaw, 8,)
¥
X
YA
Y

Fig. 1 Schematic diagram of dual axis direct drive gimbal system
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Fig. 2 Simple model of gimbal with two point mass
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Fig. 3 Simplified model of gimbal for dynamic response analysis
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Fig. 9 Comparison results of angular velocity response analysis at
counterweight position
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