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A dynamic model of a towed sampling gear system including a vessel

TAKASHI YONEZAWA,2 YAsuzuMI FUJIMORI,?* Susumu SHIMIZU,?
NoBUO KIMURA? AND TEISUKE MIURA?2

LGraduate school of fisheries science, Hokkaido University, Hakodate, Hokkaido 041-8611, 2Faculty of fisheries
science, Hokkaido University, Hakodate, Hokkaido 041-8611, Japan

This paper describes a process of modeling a towed sampling gear system that consists of a towed net and a

vessel. Two inputs into this model are blade angle of a controllable pitch propeller (CPP) and warp length. To

represent the flexibility of warp, a lumped mass model was derived by using the Lagrange equation of motion. The
system model of the FMT (Framed Midwater Trawl) and R/V Ushio Maru of Hokkaido University accurately

simulated the motion of the system in operation.
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Fig. 1 Schematic diagram of the FMT operational
model.
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Table 1 Keg specifications of R/V Ushio Man

Item Symbol Value Unit

overall length 33.15 m
length between perpendiculars L 2750 m
breadth moulded B 6.50 m
depth moulded d 3.00 m
gross tonnage 128 t
full load displacement v 313.3 m?3
power of main engine 736 kW
propeller diameter D, 1.9 m
number of propeller blades 4
normal revolution speed of propeller n 5 rpm

upper & lower side panels bridle configuration

1.7m 1.7m

02m/ 92\ /92 _\02m (to warp)

PE 3/30 - 43mm @ shackie

100

Fig. 2 Schematic design of the FMT netting and bridle
configuration.
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Table 2 System parameters of net subsystem

Component Item Value Unit
warp mass 5.200x10-1 kg
(per unit length) weight in water 4.169 N

drag coeflicient 0

(tangent direction)

drag coeflicient 7.416

(normal direction)

added mass 0 kg
(tangent direction)

added mass

9.500x10-% kg
(normal direction)

bridles length 5.000 m
mass 3.950 kg
weight in water 3.227 %10 N
drag coeflicient 0

(tangent direction)

drag coeflicient 6.180 %10
(normal direction)

added mass 0 kg
(tangent direction)

added mass

6.570x10-1 kg
(normal direction)

@ swivel
@ coupling
PET 7 - 8.7mm
(Raschel net)
wire rope
5.0m
(dia.10mm)
PET 7 - 8.7mm
(Raschel net)
] B
77777777 (to frame)

metal fittings for mass 3.150 kg
bridles weight in water 2.679%x10 N
frame mass 5.900 x 10 kg

weight in water 5.018 x 102 N

drag coeflicient 2.472 %102

added mass 1.618 x10 kg
metal fittings for mass 5.700 kg
frame weight in water ~ 4.848x10 N
metal weights mass 4.000x10%2 kg

(10kg ironx4pes) o oioht in water  3.402x102 N

drag coeflicient 3.296 x 10

added mass 1.035x 10 kg
net length 4.200 m
mass 4.000 kg
weight in water 1.014 N

1.491 %103
2.898x10% kg

drag coeflicient
virtual mass
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Table 3 System parameters of R/V Ushio Man

Item Symbol Value Unit Remarks
normal speed in FMT operation s 1.500 m/s
Reynolds number Re 3.562 x10
Froude number Fr 9.134 x10-2
virtual mass of ship my 3.550 x 10° kg 1.1xpv
block coefficient Cy 5.842x10°1
area of wetted surface S 2.502 %102 m? Froude’s formula
frictional resistance coeflicient Au 1.448 %1073 Froude’s formula
residual resistance coefficient 7R 8.000x10-3 Yamagata’s formula
adjustment coeflicient for propeller kp 1.000 Yamagata’s chart
resistance coefficient of normal ship 7R0 2.000x10-3 1
adjustment coeflicient for B/L (61%) B/L 6.000x10-3 1
adjustment coefficient for B/d (6rR) B/a 0 t
thrust deduction fruction I 2.000x10°! presumed value
wake fraction wy 2.500%x10-1! 1
coeflicients of propeller thrust ap1 -1.271x10-1 the chart of propeller open test
t Qpy —2.196 x10-1 t
t Qp3 2.000 x10-4 t
t Qpy 9.653x 10! )
t Qps —2.634x10"1! t
t Qps 6.169x 10! t
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Fig. 3 Simulated Transition of the state of the FMT sys-
tem in operation. The broken lines indicate the ob-
served values.
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Table 4 Comparison of measured and calculated values
Measured Calculated Relative error
. Warp Blade
Date Operation length angle Vessel Depth Warp Vessel  Depth Warp Vessel Depth Warp
speed of frame tension speed of frame tension speed of frame tension
y/m/d no. m deg m/s m N m/s m N
1 100 4.0 1.527 32.8 4227 1.474 29.6 4009 -0.035 —0.098 —0.051
2001/04/18 2 80 4.2 1.485 24.5 4597 1.529 21.8 4260 0.030 —0.111 —0.073
3 70 4.3 1.611 22.0 4641 1.553 18.5 4368 -0.036 —0.161 —0.059
4 40 3.9 1.466 14.4 4068 1.447 12.0 3803 -0.013 —0.165 —0.065
1 70 4.3 1.515 21.2 4017 1.546 18.6 4337 0.021 -0.123 0.080
2001/05/14 2 60 4.2 1.567 17.3 4268 1.530 16.1 4241 -0.024 —0.066 —0.006
3 60 4.0 1.546 19.4 3767 1.475 17.2 3968 —-0.046 —0.110 0.053
1 80 4.2 1.634 25.6 3892 1.529 21.8 4261 -0.064 —0.150 0.095
2 100 4.0 1.563 32.5 3773 1.474 29.5 4009 -0.057 —0.093 0.063
2001/06/27
3 60 4.0 1.557 19.1 3772 1.475 17.3 3966 —0.053 —0.096 0.052
4 120 4.1 1.470 31.4 4834 1.500 34.9 4165 0.020 0.109 —0.138
Vessel speed Net depth Warp tensi
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Fig. 4 Correlation of state values between the observed and the calculated. A: Vessel speed, B: Net depth, C: Warp tension.
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