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Study on Dynamics Model of Underwater Vehicle
Controlled by Water-jet System

JunSeong Pak! and Yasuo YosHIMURAZ*

Abstract

This paper addresses the dynamics model of an underwater vehicle with a water-jet propulsion sys-
tem. Our aim is to develop the vehicle for the use of oceanographic survey, fisheries and ocean explo-
ration. Hydrodynamic forces acting on the vehicle with 4 fins are determined for —90.0~90.0 degrees of
attack angle and —2.0~2.0 of non-dimensional rate of turn including conventional towing tank test such
as Oblique towing test and Circular motion test. In addition, in order to characterize the effects of vehicle
motion on water-jet forces, experiments to measure the side force and yaw moment produced by water-
jet units have been made. A water-jet model is also incorporated into the simulation. The model is used
to simulate the vehicle. The authors use the simulation as a predictive design tool to evaluate and com-
pare the performance of the vehicle before it has been fully developed.

1. #&

VAR, BERRRAEWERBRORAELITH ET, Kkdbe
— 7 IVOBRREVEAIED SN T WD, kD AKpE—
7 VOWFFETIE, W% HEE TR A R T RAE
REnh, BRI EDOSNTE, HHGTETIE, KEp
LY =T NI L - TEBEBIES N HROVER 2D 5 25,
F—7NVORIIILo THEHMIHBH IN S Z &%,
WM PREOPTIIy — 7B ENEH L, =
L, s hi-7arsaizkhstifioar o
— LR L TCTHEHATEZHBER AT E -7 VAUVY D S,
AUVOHEH#E Y A7 4121F, ko7 axs5 o,
BORELEB L 2ERBRA Ry P ERBHY, H
AEMERE R MIEATEAE & Vo - B RE O A T b Tn
5o

L2L, R0 7axITHRITBWTIE, FrET7—
Ta vl ABERHEBOREICK ) B s cARE
MAEEATO B, BPAEYoORETEEB I ENEH L &

1]

EZoND, 7o, BMEBRHEAICREKRT 2 YRR HE
B WTIE, K& GI®EE %) 2R EKE)R 2 hEm
EE o A OEM L EEE RAT 50121344
HiRLEEERER A LA & Vo M R E AL
W% B R ERFROBENRZ RENTV A,
COEIIIKFPE =T VOHEHE S AT AITBWTIE,
HEMEBEIE — 7 VAREKP SR EH LTS )
X, WEg - REETNHAE WA, WPEREELSRET LR,
HRTE VS -FEWICHE L ERED AL S T HEMAR
WCE2EBEE L THMAEEZ &%  olEEfaz Tw
5o
FITEEDIE, 74— —Txy MIXBHEMHT R
FLADOHMBKPE -2 VEERL, MRt siEo
AP -2 Vo E LTHIEZIT- T& 7229,
AR TR RERI L DV E SN — 7 L DFK
TR + — % — ¥ = v M X BERE %
EFMLL, FRICESVYIalL—Y g YEFEICK
STZOHOKPE -7 VOB RLEERFTT 5, T/,

20094£10H 290 %A%, 20104 1 H28H =¥

F—J—=F I KFPE—=I NV, Tx—F—T v MM, HEHETE, HERER
Key words . underwater vehicle, water-jet propulsion, maneuverability, free running test
! Graduate School of Fisheries Sciences, Hokkaido University, Minato-cho 3-1-1, Hakodate 041-8611, Japan Citi#

WRFERF B ER B

T041-8611 i fE i #5 M) 3-1-1)

2 Graduate School of Fisheries Sciences, Hokkaido University, Minato-cho 3-1-1, Hakodate 041-8611, Japan (JIti#

R R P B KR EE e R
* Tel/Fax . 0138-40-8520, y-yoshi@fish.hokudai.ac.jp

T041-8611 BT EE]3-1-1)

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Engineering

130 S R

Vol. 47 No. 2

YIial—YarylHAERBROBRLEKITLILICE
S>TyIab—aryrOofFLHERT 5,

2. REGUROBE

1) 9a4—5—IJxv hMHEERDKRE— I )L DOBEZXIE

18 &SRR
AKABE—7Voart7 M, REAIZ 1 HBOxT
R 7285, IVMEoBEEL-EHE OISy —5—¥
v MEFHETHI LT, Kb E 3IXITMICHEIKFITT
LHAUVHRZHEL TS, L2L, EEBIIBWTIE
BARM 2R THEEN T ZERTE LD, EH
DWNRIE Y FEBH LTI ORO Y — 27 L O] jEtk % K
HTsro kel

BHEOBE IS @EFoEE, FR, TR, HEA
&, ZOWNE, MBE L EOBMNTE, BIEN
WP RERCARBBM AT LA HIBITOIOTH D,
B, E—=2NVoRRIIMEED 6 HHEEH 2 AT
B8, B dH2FoHEREMAAE L, RBIIIHEERE
W AMDEET 4 v &iklT 720 BHEFINIHERNIC
B EOMEEL, a— L ¥y FRETOEEN 2
72eb L) - NVOFELE FIT/, Figlicary s
FE LAY — 2 VOB % TRT

Fig.l Outline of a vehicle control system consisting
of 10 outlets and one water-jet pump.
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Fig.2 Test facility for the Circular Motion Test.
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Fig.4 Comparison of hull force components between
measured and approximated (with normal
size fin).

Table 1 Principal dimensions of the model.

Length L (m) 1.200

Breadth B (m) 0.300
Depth D (m) 0.300
Mass m (kg) 57.86
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Table 2 Evaluation of stability on 3 conditions.

Normal size 1/2 size without

FIN FIN FIN
Y 0.607 0510 0.367
Yr-m', 0.101 0.160 0.050
Y'r 0.150 0.209 0.099
N'g 0.046 0.074 0.126
N'r —0.045 —0.038 —0.016
0r 0.260 0.326 0.072
0 0.075 0.146 0.344
0r— 10y 0.185 0.180 —0.272
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Fig.6 Non-dimensional lateral force and yaw
moment for various ship’s velocity
ratio by Jet 3.
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