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Abstract: In the early design stage of underwater vehicles, it is important to estimate the vehicle’s
underwater motion performance. The key design elements for the motion are propellers, battery power,
and underwater resistance of the vehicle. Small thrusters with motor and propeller are usually used for
the UUV(unmanned underwater vehicles). In this study, a multiphysics thruster model combining
electro-mechanical and hydrodynamics characteristics was proposed to estimate the thruster performance.
To show the applicability of the mathematical model, an sample thruster was used for the derive the
unknown parameters of thruster. Hydrodynamic parameters were calculated for a 3D geometry model of
the propeller by ANSYS/CFX program. Finally, Matlab/simulink program was used for the numerical
simulation to predict the thruster performance from the given voltage/current input to the motor. Also,
proved validity of simulation model by experiment test. Test were done by 2 mode(middle/high speed,
reverse). The thruster performance curves obtained from this simulation were confirmed to be similar

with experiment results.
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- J|5Mdd - A ; area of propeller[m”2]
K3/K4 ; constant

Ra ; electric resistance [ohms] R ; propeller radius[m]
La ; electric inductance[H] p ; propeller pitch[m]
Jm ; motot rotor mass moment of inertia [kg * m"2] N ; reduction gear ratio
Jp ; propeller mass moment of inertia [kg * m"2] h ; constant
Kb; Back electromotive force constant[volt/rad ¢ sec] Q ; hydrodynamic torque [N ¢ m]
Kt ; motor torque constant[N * m/ Amp] T ; Thrust force [N]
rho ; water density[kg/m"3] w,, ; Angular velocity of motor [rad/s]
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w, ; Angular velocity of propeller [rad/s]

. » Linear friction coefficient of motor [/V.m.sec]
B ; Linear friction coefficient of propeller [/V.m.sec]
C; ; Lift coefficient

C),, ; Drag coefficient

ia ; motor armature current [A]
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Table 1 Simulation parameter
Ra | 0.045 La 30.4e-3
Jm | le-5 Jp 15e-5
Bm| 0.003 Bp 0.0123
Kb | 0.032 Kt 0.032
rho | 998 A 0.00335
L |0.05 K3 rho*A*L*gamma
K4 | tho*A*del beta | R 0.03
0.0615 N 428
0.5%(0.7*R)"3*
rho*A*NA-2
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Table 2 Experiment results(@ 1,000 RPM)

water
voltage | ampere speed RPM | thrust
Ist 12.1 0.924 0.69 | 1,048 | 1.706
2nd 12.1 0.921 0.69 | 1,030 | 1.722
3rd 12.1 0.925 0.69 | 1,045 | 1.742
average 1,041 | 1.723
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Fig. 17 Thrust vs. Time(@1,000 RPM 1st))
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Fig. 19 Thrust vs. Time(@ 1,000 RPM 3rd)
2) Fig. 18~Fig. 20 2,000 RPMol| A &] A]zkell
3 =28 3718 FAY. 38 Ay 2

= Table 37 2t}

Table 3 Experiment results(@ 2,000 RPM)

Fig. 22 Thrust vs. Time(@ 2,000 RPM 3rd)
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Table 4 Experiment results(@ 3,000 RPM)

voltage | ampere :;aetgé RPM | thrust voltage | ampere :;;aefé RPM | thrust
Ist 12.1 3.62 1.38 | 2,013 | 6.153 Ist 12.1 10.40 1.72 | 3,061 | 11.929
2nd 12.1 3.57 1.30 | 2,040 | 5.870 2nd 12.1 10.42 1.69 | 3,150 | 12.115
3rd 12.1 3.57 1.33 | 2,068 | 5.832 3rd 12.1 10.43 1.69 | 3,092 | 12.149
average 5.952 average 3,101 | 12.064
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Table 5 Experiment results(Reverse)(@ 3,100RPM)

voltage | ampere :;aetee(rl RPM | thrust

Ist 12.1 10.42 0.30 | 3,159 5.81

2nd 12.1 10.42 0.30 | 3,126 5.83

3rd 120 | 1043 0.30 | 3,158 5.57

average 3,147 5.74
2.4

Fig. 26 Thrust vs. Time(@Reverse 3,100 RPM 1st)

Fig. 27 Thrust vs. Time(@Reverse 3,100 RPM 2nd)
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Table 6 Thruster(Experiment vs. Simulation)

1,000 RPM | 2,000 RPM | 3,000 RPM

experiment[N] 1.723 5.951 12.064
simulation[N] 1.512 5.998 12.570
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