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A Note on the Dynamics of a Towed Vehicle and a.Towing Cable

Ken SASAK1*’ Masao NOMOTO*; Toshiaki HARA *°

When a towed vehicle is used in the measurement of oceanographic data; it is
usually desirable that the vehicle can rapidly change its depth and/or itthowing
depth can be shifted as much as possible with.a fixed length of towing cable. For
achieving such a goal the design of the towing system should be supported by_-
‘ample information on the dynamics of the vehicle and the cable. The present note
describes (a) a method for determining the motion in a vertical plane of the
vehicle-cable system by means of numerical calculation, (b) a vehicle model
experiment in which pertinent data are collected for improving the accuracy of
calculation, and {c) some of the interesting features of the motion thus revealed.
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e m 107 kg
H 130 | kg
Iy 24.40 kg.m
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b =
Calculated values of virtual| 1.71kg-m?| 1.70kg-m? | 1.27ka-m®
moments of inertia
A £
Measured values of virtual 1.81kg-m* | 1.64kg-m? | 1.52kg-m?
moments of inertia
s 3 g &
Model itself .26kg-m? 1.90kg-m? | 0.32kg-m*
RN E— X > MRS
Added moment of inertia 1.44 0.86 4,75
cofficient
£ B B %
Estimated values for the 57.92kg-m? |[52.48kg-m? | 48.74kg-m?
full scale vehicle
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Output data of a simulation on an undulating
motion of the towed vehicle.
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Lt i |2 |2 l0 |w|T 3
g | 10 0 |19.8 | 2.0 -0.1 3 -1.0| -4 wg]
z | -10 4 {19.4 | 1.9 -0.3 2 -1 -8 .26
4 -10 8 18.9 1.9 -0.3 ] EL Y Rl 8 -2
6 | -10 11 |18.2 | 1.9 -0.4 1 1.3 | -12 -
8 | -10 15 |17.4 | 1.9 -0.4 ] Tk | 213 -6 |

| =10 19 |16.5 | 2.0 -0.5 1 1.6 =15 | 2
127 310 23 | 15.6 | 2.1 -5 ] B S T
14 | -10 27 |14.5 | 2.2 -0.6 , 1.8 -18 22
16 | 010 32 [13.3 | 2.3 -0.6 3 2.0 -17 34
18 | -10 37 | En | 23 O] 3 -2.2 | -1 47
20 | -10 41 10.6 | 2.3 -0.7 3 -z.2 | -19 58
Sl e 46 g2 1 ¥ 0.7 3 -2.2 | -20 63
24 | -10 50 iy g -0.7 3 -2.2 | -20 75

26 | -10 54 6.4 | 2.1 -0.7 4 -2.2 | -20 79

28 | -10 59 7 I ) -0.6 5 -2.2 0 =19 81

30 | -10 63 3.9 | 2.0 -0.6 6 2. | <i8 81

32 8 67 3.0 | 1.9 -0.1] 5 Tl | =4 80

34 8 70 33 | 3 B:3 4 1.3 12 72

36 8 72 38 | a0 0.3 7 2.C| 16 48

38 8 75 4.6 | 1.5 0.6 10 0.6 22 29

40 8 78 6.1 | 1.7 0.9 14 0.6 29 12

42 4 81 8.4 | 2.0 1.5| 25 03| 37 -4

44 4 8 |[12.4 | 2.7 2.7] 93 1.2 a5 =33
46 4 92 |18.6 | 3.2 3.1| 227 4.3 49 -37
48 4 98 | 24.0 | 3.1 2.2 170 4.6 M -45
50 4 | 105 |27.8 | 3.0 1.7] 128 4.5| 234 -52
52 | <10 | 111 [30.5 | 3.0 0.8 42 0.2 15 -6
B4 | -10 | 116 [31.1 | 2.4 0.0{ 13 0.7 | -2 Bk
A = U 30.6 | 2.2 -0.4 7 -0.9] -10 -87
58 | -10 | 125 |29.7 | 2. -0.5 4 e | “18 -95
60 | -10 | 129 |28.6 | 2.0 -0.6 2 =2 Bl = 6 -105
62 | =10 | 133 |27.3 | 2.0 -0.7 ] -1.6 | -19 -113
64 -6 | 138 |[26.0 | 2.1 -0.6 0 -1.5 | -16 ~JeH
66 -6 | 1M |25.1 | 2.0 -0.4 0 SH ] e¥E =127
68 -6 | 145 |24.5 | 1.8 0.2 0 -0.8 | -8 -127
70 -6 | 149 1 24.1 | 1.8 i 0 -0.2 | -6 =122
72 -6 | 152 |23.9 | 1.4 -0, 1 0 0.6 | -5 -113
74 -6 | 154 |23.6 | 1.3 -0.1 | 1.5] -4 -100
76 -6 | 157 |23.4 | 1.2 -0.1 2 i 1 R -84
78 1 -6 | 159 |23.1 | 1.4 | -0.2] 5 20| -4 | -66
80 -6 | 163 |22.8 | 1.9 ] 7 0.0 -4 -55
82 -6 | 167 |22.5 | 2.0 -0.1 5 -0.6 | -4 -56
84 | -10 | 171 |22.2 | 2.0 0o 3 ~0.9 | -7 -58
86 | -10 | 174 |21.7 | 1.9 -0.3 2 A | 40 -61
88 | -10 | 178 [21.0 | 1.9 -0.4 1 1.2 £33 -7
90 | -10 | 182 [20.1 | 1.9 -0.4 1 1% | =514 -63




IR CHBET ABAD Y I 2L — v g Y ERH %
R BIZHBITAELEFDERIZITEEDEED ThH 5,
t . HEOZLARR (sec)

Or . HEEmA ()

x - KFEREIESE (m)

z . RE (m)

u  RFEE (m / sec)

w o EEEE (m/ sec)

T : Z&EH (kg )

a . * )

6 . BfitADLEEAE (° )

y . BT 3EROEMA (¢ )
22Tz, w, @ 0, yII TFTHM&#IEET 5,

AEICHWARHMAEITETIEL, 2, 3IZFRL
THb, —FH., BMEBEOERL Sun, ZhERIT
0.20kg /m ¢Cp=1.0, Cr=0.02& L 72, T E!T60m
ThD, ZNE2EX5m OEXRI2EIZHEIL, 1.2
EiCEBAL BRI K VEH R RE L -,

Y32alb—%g D1 ATy L I2xET BB

WZL, RILET 2 EIFEE¢R X 50.015~0.05

MO TREERAIZEE L 2

F SR TEEEEBRIZOVWTIEWL 22DFEH
TRTCEEIEETAIENTE S, &1 IZHAED
TR IIEE20m {15 TR (BMR) 7215k
h. TEREE, BBALZ EHIEL L KREL L HEHY
BhHBZEThHd, F2I2RMAEN ERICEEL TF
FE2530m &0 I15m 2% 5 F TOR, BOEHIE
LAWDPTAZETH3, ZORAIZHBEARADE
BABELTHHE, BOLAEE XY QAED L7

60

REFARESZD, BMERIELZF >3 5B2h
H 5. 83T, HhASRAMEICHDZE ., B
AR D BT BAURD FAH - TH80° 125+ 3,

INSDRMIZY I a2l -3 3 IENIIEDTE

=R s, BMEOFKE S L UHIE A%z
SERLBRARML &,

z B X ®

1) Burroughs, J. D., Benz, R. C., “Computer
support in the Design and Testing of Und-
dersea Towed Systems”, Mar. Technol. Soc.
J.10(4 ), P. 159-172, 1974,

Eames, M. C. “Steady-State Theory of
Towing Cables” Quarterly Transaction RINA,
110(2 ), P.185-206, 1968,

Lamb, H. “Hydrodynamics” 6th ed.
Cambridge University Press, 1932, 738p.
Perkins, C. D. , Hage, R. E. “Airplane perfor-
mance, Stability and Control” John Wiley &
Sons, 1959, 493P.

Pope, A., Harper, J. J., “Lowspeed Wind
Tunner Testing”

John Wiley & Sons, 1966, 457P.

Schram, J. W. , Reyle, S. P. “A Three-Dimen-
sional Dynamic Analysis of a Towed System”
J. Hydronautics. 2 (4), p. 214-220, 1968,
Streeter, V. L. ed. “Handbook of Fluid
Dynamics”1st ed. McGraw-Hill, 1961, sec
1-27 (1241P. )



	曳航体と曳航索の力学について
	1.まえがき
	2.曳航索の力学
	2.曳航体の力学
	3.曳航体の模型試験
	4.曳航体運動のシミュレーション
	参照文献


