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Abstract

Estimating Nagasaki Maru’s whirling motion at single anchor is very important for the Captain and
deck officers. In order to prevent accidents such as direct contact with other ships and obstacles on the
sea floor, we continuously observed the whirling motion at a single anchor by using the DGPS. The
results are as follow.

1) At a Beaufort’s wind scale (wind force henceforth) of 2 and under, the wind directed against the
anchor chain side and a slow whirling of the bow was observed.
2) At a wind force between 3 and 4, a regular elliptic motion was observed.
3) At a wind force 5, a distorted figure 8 movement forming unequal lobes was observed.
4) At a wind force 6, an amplified movement during wind force 5 was observed.
5 At a wind force 7, the relative heading angle formed in both the right and left sides with respect
to the wind direction became equal, and a maximum whirling-breadth of 82 meters was measured.
6) When Nagasaki Maru is anchored on a single chain, the following equation for the average dis-
tance of transverse movement “d” and degree of whirling “a” with respect to wind speed “v” was
determined. Moreover, the maximum distance of transverse movement was determined as approx-
imately 1.5 times the value of “d”.
d=kyv
a=kyv+5
d . the average distance of transverse movement (m)
ky © 2.0 [1/knot]
v . wind speed {(knot)
a : degree of whirling (°)
ky - 1.0 [1/knot]
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Table 1. Particulars and Machinery

Length (O.A) 62.87m D-GPS sensor IRC JLR—4321]
Length (REG.) 58.03m Color plotter JRC NWU - 800
Length (LPP) 56.00m Color current meter FURUNO CI—-30
Breadth (MLD) 11.40m AD converter FURUNO AD-100
Draft (MLD) 450m Gyro compass YOKOGAWAHOKUSHIN CMZ300X
Depth (MLD) 7.10m PC NEC MA66H
Gross Tonnage 842 t Wind direction and KOUSHIN DENKI KA-101
Chain 32mm¢ 2475m speed meter
AD board Interface GPC-3100
Table 2. Data list of ship's movement
N Depth  Anchor Length of Means of rranscili?gg%gg wind Longétil;ggti%fnwmd
* side  chan catenary "G SPSed Meansof - Memne of | Meanson itance
(m) (m) i oates
mimutes) (m) (minutes) (m
7-1 64.0 port 1975 166.7 30.3 45 574 20 95
6—1 64.0 port 1975 1505 26.4 48 59.3 2.0 74
6—2 64.0 port 1975 136.8 23.2 3.9 370 2.0 95
5—1 64.0 port 1975 1329 214 4.6 339 24 104
4-1 56.0 port 115.0 36.5 12.7 53 26.0 44 9.7
4-2 440 starb'd 115.0 74.2 12.7 45 176 45 116
4-3 64.0 port 1975 101.3 126 6.1 257 26 4.6
4—4 22.0 starb'd 115.0 488 124 58 24.1 3.3 104
4-5 440 starb’d 1150 736 11.8 5.7 11.8 55 9.3
3—1 45.0 port 115.0 75.0 10.7 7.1 245 43 94
3-2 55.0 starb'd 1425 70.8 10.1 3.3 130 53 7.9
3—-3 67.0 port 163.0 839 9.6 53 124 47 6.2
3—-4 22.0 starb’d 115.0 399 7.3 7.3 6.7 4.3 5.1
2—1 22.0 starb’'d 1150 347 59 5.9 89 6.3 8.8
2-2 22.0 starb’d 115.0 32.6 42 7.0 6.8 6.6 8.3
1-1 14.0 port 80.5 216 31 84 104 6.5 87
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Fig. 1 The side and front view of Nagasaki Maru.
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Pa : All wind pressure power

6 : The angle between prow tail line and wind
@ . The angle between prow tail line

and all wind pressure power
Ty : Pacos(a—0)

Fig. 2 The relationship between the wind direction
with respect to ship position and the direc-
tion of wind pressure on the ship.
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Fig. 3 Slope of the chain resulting from a single
anchor.

Xi3fe (&) HmOBAED St FHOBKEE TO

WRfE R OBEREZ PR L, ARAIRNE D 25PN ET 5

MR DOROBEIHEEZRD 5,

Rl O H & OMATE X (XSRS EB 1 5 BHELK,
ME4.0m, MES0m, MY A10m) ZFig.liZRd, &
HAIZ BT 5 KHE O EE#RFEREF107m2, R E
HAEE367.5m2Th b, T2, EFALOTEH LI EHK
#5 % Table 11Z7R 7

"B, GPST ¥ 7 HIELICEY, #MES5295m
DEMEICHRBE IR TV S,

8 - Half period
« Ady
o 6 ‘A
ER Aba
b= y
=
2 Ay 4
0 . . . ,
0 10 20 30 40

Wind speed (knots)

Distance(m)
)

0 10 20 30 40
Wind speed (knots)

Longitudinal movement of ship

Fig. 4 The longitude and transverse movement (in distance and half period) of the ship.
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Insert figure A shows the distance of the anchoring
position from the base point

Fig. 5 The schematic diagram of the ship’s move-
ment under a wind average speed of 10.7
knots (No.3-1).
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Fig. 6 The distance and the relative heading angle
of the ship at different time intervals with
respect to the wind direction under the wind
average speed of 10.7 knots (No.3-1).
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Insert figure B shows the distance of the anchoring
position from the base point

Fig. 7 The schematic diagram of the ship’s move-
ment under a wind average speed of 12.6
knots (No.4-3).
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Fig. 8 The distance and the relative heading angle

of the ship at different time intervals with

respect to the wind direction under the wind

average speed of 12.6 knots (No.4-3).
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Fig. 9 Ship’s movement during one period under a Fig. 10 Ship’s movement during one period under a
wind force 3. wind force 4.
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Insert figure C shows the distance of the anchoring
position from the base point

Fig. 11 The schematic diagram of the ship’s move-
ment under a wind average speed of 21.4
knots (No.5-1).
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Fig. 12 The distance and the relative heading angle
of the ship at different time intervals with
respect to the wind direction under the
wind average speed of 21.4 knots (No.5-1).
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Fig. 13 Ship’s movement during one period under a

wind force 5.

Fig. 14 The schematic diagram of ship’s movement
under a wind force 5 when anchor is posi-
tion on the ship’s center.
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Fig. 15 The distance and the relative heading angle
of the ship at different time intervals with
respect to the wind direction under the
wind force of 5 when anchor is position on
the ship’s center.
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