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Abstract : Manta-tvpe Unmanned Undersea Test Vehicle(MUUTY) is based on the same design concept as Unmanned Undersea Vehicle
called Manta Test Vehicle( MTV), which was originally built and operated by the Naval Undersea Warfare Center(Lisiewicz et al., 2000,
Sirmalis et al., 2001). The authors carried out the sensitivity analysis of the response of manoeuvring motion of MUUTV to changes in
hydrodynamic derivatives. In order to calculate the sensitivity indices of hydrodynamic derivatives on M UUTV, the method by Sen(2000)
was adopted. Basically the dynamic mathematical model with six degrees of freedom by Feldmon(1979) is used but a little revised, refered
to Sohn et al.(2006) and some experiment in circulating water channel. Through the present research, some hydrodynamic derivatives of
significance are found out, and also the numerical simulation using simplified mathematical model based on result of sensitivity analysis
is ascertained to be enough for prediction of manoeuvring characteristics of MUUTYV.
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Table 1 Principal dimensions of MUUTV

Ttem Dimension
Fuselage

length L=120m

breadth B=44m

height D=12m

disp. vol. V=3188m’

centroid from nose 6.333m
Horizontal plate (2)

root chord 1.52m

tip chord 1.1552m

span 17271 m
Elevator (2)

root chord 045m

tip chord 045m

span 0.50 m
Upper vertical plate

root chord 2.00m

tip chord 0.45m

span 1.00 m
Rudder

root chord 045 m

tip chord 0.45m

span 075m
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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(c) Profile
Fig. 2 Drawings of MUUTV
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Table 2 Hydrodynamic derivatives and other coefficients for

numerical simulation

Der. Value Der. Value
m 0.036854 | Z,' -0.515486
I, 0.000341| z,, -2.299410
7, 0.001699 | 2 -0.012499
L, 0.002003 Zy, 0.004803
Tg -0.027659 Ki,' -0.001594
zg 0.025691 K/ 0.000000
zz -0.027659 | X ~-0.000338
zp  0.009025 | KS 0.000000
T 0.191667 Kw’ 0.000338
T -0.166667 | K, 0.003445
vy 0.100000 qu’ ~0.004999
us 0.100000 | &, 0.004999
X,  -0.001843 | &,/ -0.078608
qu’ -0.097472 Kp‘ -0.005973
X, 0.018864 | &, 0.000055
qu’ ~-0.007301 K/ -0.000004
X, -0.002301 K -0.000408
X,,T’ 0.000338 | &, 0.000981
X, -0.004530 | M  -0.004611
X,  ~0.019240 Mu-,’ ~(0.007301
X,  0.018557 | M,  -0.000338
X, —0.032369 M,,p‘ -0.002301
Xise  —0.002278 | a1, 0.000000
Xy ~0.002350 | M,/ 0.000000
Xps —0.002350 | M,  -0.001129
Yi,’ -0.018864 | M./ 0.004986
Yip’ ~0.000338 | M,/ 0.064231
v/ 0.002301 | M, ~0.057700
Y, 0.000000| M,  0.261903
Y 0.097472 | M, -0.0078865
Y,,q’ 0.007301 M 0.001319
Y, 0.000000 | M ~-0.001165
Y, 0.008262 %’ 0.000000
Yy,  -0.040476) N 0.002301
Y,, -—0.052831| N,/  -0.007301
¥y, ~0.0050186 N, 0.000000
z,  -0.097472 | N,/ -0.003016
Zc-]' -0.007301 1\;’ -0.000338
z, -0.018864 | N 0.000338
Zm' -0.000338 N/ 0.002873
z, 0.002301 | N, 0.016080
z' 0.026419 N/ -0.002777
z, ~-0.673837 | N;/ 0.002184
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Table 3 Manoeuvring parameters for sensitivity analysis
Manoeuvre Range of rudder/elevator (deg)

Horizontal turning 5~ 30

Horizontal zigzag 5~ 20

Vertical zigzag 5~ 10

Roll zigzag +5~ +10
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Table 4 Maximum  sensitivity indices in  horizontal
manoeuvres
Horizontal turning Horizontal zigzag
) Denvatlve Max. S Derlvatlve Max. S
N 153 N, 533
Ns,’ 0.55 Ns, 1.34
Y, 0.42 Y, 1.22
X 0.39 N’ 0.87
N, 0.22 Ys, 0.74
N,/ 0.18 N/ 0.54
N,/ 0.07 N, 0.30
Vs, 0.05 Yy, 0.27
Y, 0.05 Y/ 0.11
Y. 0.05 N,/ 0.03

Table 5 Maximum sensitivity indices in vertical and roll

zigzag manoeuvres

Vertical zigzag Roll zigzag
Derivative Max. S. Derivative Max. S.
M 149 M, 2.69
M 1.01 M,/ 1.01
z, 0.77 v 0.75
z/ 0.48 K/ 0.70
A 0.19 z, 0.68
z, 0.13 Y 0.61
N, 0.07 M,/ 0.60
N’ 0.07 Y, 0.50
M, 0.04 z, 0.43
z,, 0.02 M/ 0.35
. Full model
————— Simplified model
6+
ju 2

(a) Horizontal turning manoeuvre
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Fig. 3 Comparison of manoeuvring motion simulation results
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