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A Study on the Multibody Dynamics Simulation-based
Dynamic Safety Analysis of Machinery for Installation and
Operation of USBL in Unmanned Vessel
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(Abstract)

This paper considers the simulation-based installation and operation safety analysis
of installation and operation machinery of USBL as underwater equipment in operation
environments. The simulation model of this mechanical system was developed using
flexible multibody dynamics simulation technology. Operation and environmental
conditions were applied using dynamic forces model considering ocean environments.
The developed simulation model was used to evaluate operation safety through
eigenvalue analysis, dynamic forces analysis, and structural analysis. As the analysis
results, the operation safety was very low in extreme operation condition due to
increase of dynamic loads by VIV effect. It was not a problem because safety factor
had more than 2.0 in this case. However, the operation safety should be further
strengthened because the USBL and LARS was installed and utilized in unmanned
vessel with automatic controls. In order to improve safety by avoiding VIV frequency,
we redesigned the USBL pole.
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Fig. 1 Design concept of installation and operation
system for USBL on USV
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Fig. 2 Structure of simulation model

Fig. 3 Kinematic results by hydraulic cylinder motion

of simulation model:(Left) Expansion of hydraulic
oflinder, (Right) Contraction of hydraulic oylinder
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Table 1. Results of eigenvalue analysis on the pole

and system
Eigenvalue Frequency [Hz]
Pole System
1st 14.104 9.0966
2nd 175.29 14.994
3rd 545.48 20.084
4th 1150.3 25.241
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(a) (b)
Fig. 7 Stress analysis results in USBL operation
system: (a) Stress distribution result, (b)
Maximum stress position and result
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Table 3. Results of structural safety
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(b)
Fig. 8 External forces model for simulation: (a) Drag
forces model, (b) VIV forces model
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Table 4. Results of structural safety in applied VIV
forces

Relative velocity between
USV and current [knot]

Relative velocity between
USV and current [knot]

3.0 7.0 3.0 7.0
Maximum Stress Maximum Stress
[MPal 73.28 56.93 (MPal 74.13 118.13
Safety[ jactor 3.28 40 Safety[ jactor 3.24 2.03
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