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Multi-body Dynamics and Position Control Simulation for
2-Axes Gimbals in Naval Shipboard

Yun Chan-Shik*, Ku Ki-Young*, Kim Sang-Ik*, Jeon Hee-Ho* , Lee Seung-Joon*, Byun Gi-Sig***+
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ABSTRACT

A naval shipboard inevitably movies in a pitch and roll direction under the influence of wave and wind in the sea. As a result, the shipboard
gets in a continuous turning motion back/front and right/left. And the shipboard is also constantly exposed to many different kinds of
disturbance signals including the vibrations of various frequencies from the internal equipments and their vibrations, strong waves, and impact
from explosion. This paper formulates multi-body dynamic models similar to an actual system and simulates the pitch/roll positions of a
2-axes gimbals with PI controller for consecutive behavior of a naval shipboard including disturbance.
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Fig. 1 System Block Diagram of Gimbals
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6,,= Pitch Angle of Gimbals

©,=Roll Angle of Gimbals

¥, = Pitch Angle of Naval Shipboard

¥ = Roll Angle of Naval Shipboard

d, d,= Distance between Rotation Axis of

gimbals and Forced Point
F, F, =Thrust Force of Linear Actuator
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V' =Input Voltage

T.,, = Motor Torque

©,,, = Angle of Rotor

L, = Inductance of Armature Winding
R, = Resistance of Armature Winding
J,,, = Rotor Mass Moment of Inertia

b = Viscous Friction coefficient
K, = Back EMF Constant

K, = Torque Constant
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F* = Thrust Force of Linear Actuator
T,,, = Motor Torque

N = Drive Ratio
L =Ball Screw Lead
n = Efficiency
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Table. 2 Model components of the gimbals

MBD Mode] Components EA
Body 39
Revolute Joint
Screw Joint 2
Translational Joint 1
Universal Joint 4
Fixed Joint 28
Rotational Axial Force 2
Rotational Spring Force 2
Coupler 2
Plant Input 3
Plant Output 4
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Position of Gimbals in Y-Axis Vibration Condition
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