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Experimental Estimation of Hydrodynamics Coefficients of Underwater Vehicle

Using Constant Towing Force
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Abstract

This article is part of the control design research for an underwater vehicle. The method to estimate the
hydrodynamic coefficients of the underwater vehicle was proposed in this study. This method was especially
important for controller design of the underwater vehicle. The process of this method was to apply a constant towing
force in the direction along with each symmetry-axes of the vehicle and to measure the vehicle movement at each
step in order to calculate its velocity and acceleration. The hydrodynamic coefficients was estimated from
experimental data by applying the least square method for 1) total response, 2) transient response, and 3) steady-state
response. With regard to the forward motion along the x axis, it was found that four values of constant towing force
were 4.9 N, 24.5 N, 44.1 N, and 83.3 N, respectively. Regarding the angular motion about the z-axis, it was found
that four values of constant spinning torque were 0.454 N-m, 0.907 N-m, 1.361 N-m, and 2.269 N-m, respectively. A
first-order dynamic model of vehicle using estimated hydrodynamic  coefficients was simulated within
MATLAB/Simulink, and then the simulated results were compared with actual tests. The estimated hydrodynamic
coefficients using these methods yielded accurate and reliable parameters that could be employed with the vehicle
controller design. These hydrodynamic coefficients: added mass, linear damping, and quadratic damp were suitable
for “BENBAM” underwater vehicle at 113.2591 kg, 20.1603 Ns/m, 241.1425 N.(s/m)2 for forward motion, and

7.9708 kg.mz, 0.1192 N.s/rad 4.1228 N.(s/rad)2 for angular motion.

Keywords : estimated hydrodynamic coefficient,underwater vehicle, least square estimation
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