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A Study on Mathematical Model of Manoeuvring Motion of Manta—type
Unmanned Undersea Vehicle at Large Attack Angles

Jun-Young Bae’, Kyoung-Ho Sohn™ and June Kim™
Korea Maritime University”, Korea Maritime University Graduate School™
Abstract

The authors adopt the Unmanned Undersea Vehicle(UUV), which has taken the shape of
manta(Sohn et al. 2006). They call here it Manta—type Unmanned Undersea Test
Vehicle(MUUTV). MUUTV is designed with the similar concept of UUV called Manta Test
Vehicle(MTV), which was originally built by the Naval Undersea Warfare Center,
USA(Lisiewicz and French 2000, Sirmalis et al. 2001, U.S. Navy 2004). The present study
deals with evaluation of extreme motion of MUUTV at large attack angles. Extreme motion
contains, for example, rising and depth change due to operation of hovering thrusters
attached to MUUTV, lateral motion due to ocean current applied to MUUTV at low advance
velocity, and so on. Numerical simulation technique has been utilized. The previous
mathematical model on manoeuvring motion of MUUTV(Bae et al. 2009a) is basically
adopted. Based on the results of present model experiment on extreme motion, the
mathematical model is revised and supplemented in order to describe extreme motion. The
hydrodynamic derivatives related to extreme motion are obtained from present model
experiment and the other derivatives are referred to previous work(Bae et al. 2009a).
Mathematical model of manoeuvring
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Fig. 1 Drawings of MUUTV

Table 1 Principal dimensions of MUUTV

Item Dimension

Fuselage

length L=12.0m

breadth B=44m

height H=12m

disp. vol. v =31.88m

centroid from nose 6.333 m
Horizontal plate (2)

root chord 1.52 m

tip chord 1.1552 m

span 1.7271 m
Elevator (2)

root chord 0.50 m

tip chord 0.50 m

span 1.00 m
Upper vertical plate

root chord 2.00 m

tip chord 0.45 m

span 1.00 m
Rudder

root chord 0.45 m

tip chord 0.45 m

span 0.75 m
Propulsion thruster (2)

propeller diameter 0.60 m

pitch ratio 1.20

blade area ratio 0.75

number of blades

5

turning direction(looking from stern) outboard

Hovering thruster (4)
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Fig. 7 Experimental apparatus for measure—
ment of force and moment acting on MUUTV
due to operation of hovering thruster
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Table 2 Principal dimensions of model pro—
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Propeller Dimension
diameter 0.061 m
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Table 3 Hydrodynamic derivatives and other
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coefficients for numerical simulation

Derivative Value

m’ 0.03685
L. 0.00034
Ly 0.00170
L., 0.00200
zg 0.02766
Y 0.02569
Ty 0.02766
EN 0.00903
T 0.192
Zas 0.167
’ 0.10
0.10
-0.00184
-0.09747
0.01886
0.00730
-0.00230
0.00034
-0.00453
-0.00762
o 0.00028
a>0) 0.03730
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. 0.00730
. 0.00000
0.01069
0.04400
0.00511
-0.00502
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-0.00730
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-0.71865
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-

NN NNNN =S

Derivative  Value

0.01795
-0.02005

0.01697

0.24

0.00159

K 0.00000
K 0.00034
Kool 0.00000
K, 0.00034
K, 0.00345
K,/ 0.00500
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K,, ~ -0.07861
i/ -0.00597
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;' 0.00041
i 0.00346
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N 0.00034
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