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Analysis on hydrodynamic response of a tethered
underwater robot under two control manipulations
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Abstract: This paper proposes a hydrodynamic mathematical model of a tethered underwater robot system by
introducing boundary conditions and coupling relations into the existed governing equations for umbilical ca-
ble systems. A feed—forward and feedback control method was used for adjusting the length of the umbilical
cable while the incremental PID algorithm was applied on regulating rotating speeds of propellers for estab-
lishing the integral hydrodynamic and control model of a tethered underwater robot. The experimental valida-
tion and hydrodynamic responses under the two control manipulations were simulated numerically. The simu-

lation results showed that the proposed model was valid and reliable. In the depth control, the maximum er-
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rors of pitch, roll and submerged depth of the underwater robot between simulation and experiment are 2°, 1°

28 5 TH)
and =50 mm respectively. The errors of trajectory tracking simulations in X direction and Z direction are 10%
and 15% respectively. The motion in Z direction of the underwater robot is determined mainly by the feed—
forward and feedback control strategy for the cable, and the motion in X direction of the underwater robot is

T

primarily controlled by the PID algorithm for regulating the rotational speeds of the duct propellers. The hy-

drodynamic loadings on the robot are influenced by the flow fields around the robot, and the changes of the
flow fields are determined by the changes of the robot velocity and the propellers rotating speed.

Key words: motion equation; hydrodynamic and control model; tethered underwater robot system;
feed—forward and feedback control; PID algorithm
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Fig.6 Simulation results in Z direction
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Fig.7 Experimental results in Z direction!"”!
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Tab.2 Time response results in Z direction

fEbr PID(iI)  PID(SER)  FLOEH) | 4845 PID(JiE)  PID(SEE)  FLOEE)
05(%) 2.62 2.96 5.92 Tds 13.80 17.80 7.93
T/s 2.55 2.74 2.27 e/m  0.0049 0.0063 0.0020
T/s 278 1.70 2.52
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Fig.8 Geometry model of the underwater robot Fig.9 Geometry model of duct propeller
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Tab.3 Primary parameters of the underwater robot system

HA&/m 0.01
JB a4 K /m 8
Hp RSP E R/ (kgem™) 0.1
IR 0.01
K& /m 8
B R B A S kg 0.1
H & /m 0.3
IR YNEEN K JE/m 0.8
2 kg 12.5
AR /m (0,0,0.06)
IO AR /m (0,0,0.0)
i 27 A AR /m (0.0,0.0,-0.13)
RS Ka 4-70/19A
W21 e PID 1
e EHA%/mm 1,27‘3:0.18;3%:0.15
1%(0,-0.29,0)
JiE s vt /m 2%5(0,0.29,0)
3%5(0,0,0)
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Fig.11 Absolute errors of trajectory tracking Fig.12 Rotational speeds of propellers
60 F —xtiri dll
' 0.8 [ --X#hJr ]
40 - — ZHFr1 i 06 - —ZHiri ;
£ f
>O
=
iﬁél
.60 | | I I | | Ly ‘
0 2 4 6 g8 10 12 14 14
A 1] 7(s) Fsf ] 7(s)
Kl 13 IR g2t ) Pl 14 KT Bl N6 Ao
Fig.13 Thrusts of propellers Fig.14 Translational velocities of the underwater robot
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