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Nomenclature

The body fixed coordinate system

The earth fixed coordinate system
Inclined angle (vertical angle of attack)
drift angle (horizontal angle of attack)
Density of water

Thrust

Thrust coefficient

Advance ratio

Revolution of propeller per second
Diameter of propeller

Mass

Surge force

Sway force

Heave force

Roll moment

Pitch moment

Yaw moment

Longitudinal velocity

Lateral velocity

Transverse velocity

Angular velocity about the x direction
Angular velocity about the y direction
Angular velocity about the z direction

Moment of inertia about the x axis
Moment of inertia about the y axis
Moment of inertia about the z axis

x coordinate of center of gravity
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A, A, A,

z coordinate of center of gravity
Velocity of current

Angle of coming current from X -axis
Steady component of U,

Variable component of U,

Angle of Roll, Pitch, Yaw
Angle of rudder
Angle of elevator

Initial angle of elevator

Ordered rudder angle

Non-dimensional ordered of Y-position
Ordered yaw angle

Control constants

Rotational velocity of rudder
Maximum rotational velocity of rudder
Time constant

Ordered elevator angle
Non-dimensional ordered depth
Ordered pitch angle

Control constants

Rotational velocity of elevator

Maximum rotational velocity of elevator
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A Study on Motion Control of Manta-type Unmanned Undersea

Vehicle with influence of current

In-Chul Kim

Department of Naval architecture and Ocean Systems Engineering

Graduate School of Korea Maritime University

Abstract

This i1s a basic study on motion control of Manta-type Unmanned Undersea
Vehicle(UUV). At first irregular current will be supposed as operating
environment condition of Manta-type UUV. Here irregular current 1is
composed of two parts. One 1s static component and the other variable
one. And then the six-degree-of-freedom motion mathematical models of
manta-type UUV are suggested. For this the static model test at large
angles of attack and four quadrant propeller open water test are carried
out respectively. Proportional and Derivative(PD) controls are designed
as control devices. The paper deals with thrust control and motion
controls in horizontal plane and vertical plane respectively. Numerical
simulations of motion control of manta-type UUV are carried out and the

effects of motion control are discussed.
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Fig 2.2 Drawing of Manta-type UUV



Table 2.1 Principal dimension of Manta-type UUV

ltem Dimension
Fuselage
length L=12.0m
breadth B=4.4m
height H=1.2m
disp. vol. v =31.88m°
Elevator(2)
root chord 1.52m
tip chord 1.155m
span 1.727m
Upper vertical plate
root chord 2.00m
tip chord 0.45m
span 1.00m
Rudder
root chord 0.50m
tip chord 0.50m
span 0.60m
Propulsion thruster(2)
propeller diameter 0.60m
pitch ratio 1.055
blade area ratio 0.73
number of blades 5

turning direction outboard
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Table 3.1 Principal dimensions of experimental models of Manta-type UUV
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K, = —0.5266.J% — 0.2875J+ 0.5209 (4)
K= —12917J* — 0.1675.J+ 0.5209
K,y = 0.7669.J> 4+ 0.0254.J— 0.3879

Ky = 0.6449J° 4 0.1857— 0.3923

Table 3.2 Condition of four quadrants propeller operation

Quadrant Speed RPS
1st quadrant ahead ahead
2nd quadrant astern ahead
3rd quadrant ahead astern
4th quadrant astern astern

éKT O  exp. (30rps)
(m} 25 rps
@Fﬁ(ﬁ) (% A 220 r::S;
Aﬁ 04 —| A < (15 rps)
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Fig 3.7 Four quadrants propeller open water test
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Table 3.3 Hydrodynamic derivative acting on Manta-type UUV

Der. Value Der. Value Der. Value Der. Value
m’ 0.03685 Yol 0.00000 &,/ 0.00000 M,/ -0.04080
L/ 0.00034 Y, 0.09747 K, 0.00032 M.’ 0.22741
L,/ 0.00170 v, 0.00730 K’ 0.00325 Mq’ -0.00287
L/ 0.00200 v, 0.00000 &,/ -0.00460 Mg/ 0.02189
T -0.02766 Y/ 0.01233 K’ 0.00460 N/ -0.00136
Zg 0.02569 Y,/ -0.04586 K,/ -0.07778 N 0.00000
xy -0.02766 Y, -0.00493 K/ -0.00597 N/ 0.00270
2y 0.00903 Y;, -0.00342 K/ 0.000385 N, -0.00730
X' -0.00184 Z.' -0.09747 K,/ -0.00002 N,/ 0.00000
X, -0.09747 z -0.00730 K’ -0.00010 N,/ -0.00053
X, 0.01970 Z, -0.01886 K’ 0.00006 N,/ —-0.00302
X, -0.00730 Z, -0.00034 K,/ 0.00346 N/ -0.00032
X' -0.00270 z, 0.00230 M/ -0.00461 N,/ 0.00032
X, 0.00032 Z! 0.02642 M/ -0.00730 0.00979
X, —0.00453 z/ -0.69427 = M’ -0.00032 N,/ -0.00632
X, 0.05610 2z’ -0.53911 My -0.00270 N,/ -0.00196
X;sr -0.00166 Z,,,. -1.82877 M) 0.00000 N, -0.00144
KXioss -0.03635 z/ -0.02005 MM,’ 0.00000 N’ -0.00467
X s -0.03635 Z ! 0.09228 M,/ =0.00740 N/ 0.00164
Y/ -0.01970 K/ -0.00160 A,/ -0.00113
Yy —-0.00032 K 0.00000 M 0.00499
v/ 0.00270 K/ -0.00032 M,/ 0.06413
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Fig 4.1 Propulsion control simulation result in case of

non-existence of current (0 knot — 5 knot)
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Fig 4.4 Propulsion control simulation result in case of
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