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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
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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.
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Fig. 1 Schematic diagram of dual axis direct drive gimbal system
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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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