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Abstract

In order to study basic information on the developed electro-magnetic compass, experiments
were carried out on board M. S. KAYA at the pier of Dong Kuk Steel Mill in Pusan and the
Korean southern sea using a three-axis magnetic sensor from Jan. 21, 1995 to Feb. 14, 1996.

The obtained results were as follows :

1. The amount of old metal on the pier was about 27,290tons~57, 440tons with an average of
40,560tons, the artificial local disturbance at the pier was min. 27.1uT, max. 66.5uT, ave. 43.3uT
for the horizontal component and min. -27.0uT, max. 45.1uT, ave. 3.7uT for the vertical
component. Its direction of horizontal component was 305° with the ship’ s head up bearing at
225° .

2. The ship’ s magnetic distribution on the starboard side on berthing at the pier was 17.4uT
for the horizontal component and -6.2uT for the vertical component. On the ship’ s port side, it
was 19.8uT for the horizontal component and 4.1uT for the vertical component. On the ship' s
starboard side at sea, the ship’ s magnetic distribution was 19.2uT for the horizontal component
and 3.2uT for the vertical component. On the ship' s port side, the readings were 22.0uT for the
horizontal component and -1.8uT for the vertical component. The directions of these readings
were nearly starboard side.

3. On the pier, the secular change of the artificial local disturbance decreased 8.3uT' from
61.0uT to 52.7uT for the horizontal component and decreased 7.1uT from 8.9uT to 1.8uT for the
vertical component. On the starboard side from its berth, the ship’ s magnetic distribution
increased 2.6uT from 14.8uT to 17.4uT for the horizontal component and increased -0.1uT from
-6.1uT to -6.2uT for the vertical component. On the ship' s port side from its berth, it increased
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7.1uT from 12.7uT to 19.8uT for the horizontal component and increased 10.2uT from -6.1uT to
4.1uT for the vertical component.

4, While at sea, on the ship’ s starboard side, the secular change of the ship’ s magnetic
distribution increased 3.9uT from 15.3uT to 19.2uT for the horizontal component and increased
2.0uT from -5.2uT to -3.2uT for the vertical component. On the port side, the changes increased
11.4uT from 10.6uT to 22.0uT for the horizontal component and increased 4.9uT from -6.7uT to
-1.8uT for the vertical component. Upon berthing at the pier, the deviation of the secular change
increased westerly 1°"W~ 2.5°W from 3.5°W~ 5°W to 6°W with the ship’ s head up bearing at
225°. While at sea, these increased westerly 2° ~ 3° from the Northeast to the South and
increased easterly 1° ~ 8° from the Southwest to the North.

5. While at port, within 1 mile between the ship and berth of the pier, as we approached the
pier, the westerly deviation increased and when we departed the pier easterly deviation
increased. When approaching the pier, the deviation was smaller than the deviation when the
ship was departing from the pier. When approaching the bearing at 225° with the ship’ s head
up bearing, the varies of deviation was smaller than the varies when the ship’ s head up bearing

was departing from it.
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Table 1. Specification of the three axis magnetic
field sensor

Item Specification

Sensor type 3 orthogonal sensing elements

Measuring range +100 uT

Linearity 0.02%

Dynamic range 94dB

Bandwidth dec to -3dB at 1kHz, maximally
flat, -12dB/octave roll off bey-
ond 1kHz

Calibration accuracy +1%

Operation Temperature

range -20¢C to +85%¢

Output scaling 10 uT/V

Table 2. Principal particulars of the M.S. KAYA

Item Specification
Length(L.O.A)) 81.70m
Breadth(M.L.D.) 13.20m
Depth(M.L.D.) 8.00m

Gross tonnage 1737.00ton
Main engine 2976ps X 250r.p.m.
Speed(MAX.) 14.85knots
Steel cut 1991.6. 1
Keel laid 1991. 7.1
Launched 1992. 11. 14
Delivered 1993.9.7

2. MAX7|9] AtEO|E

3% A7NHz2AR FsHe IWAEL 3%
Wakd A" AAAT G AFAYY FPez
o] Fojx Aol7] Yo £ dRAZezT
B AH 35T A ARV 7 JEE AA
g gho] AA A7t &9, 2 BEBA = Fig. 19
Uebd A3 o] deml WIS xH, A4 3
&2 yE, Bt AAWFE 5ol A& ), AA

Fig. 1. Geometrical relations between geo-
magnetism and ship’ s magnetism.

M. N : Magnetic north. T. N : True north.

C. N : Compass north. 0t : True course.

f#m : Magnetic course. Var. : Variation. & : Deviation.
H : Horizontal component of geomagnetic field.

X, Y, : x, y axis component of ship’ s magnetic field.
X’,Y :x,y axis component of total magnetic field.

Fh : Horizontal component of ship’ s magnetic field.
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Fig. 2. Location of Dong Kuk Steel Mill pier and
the trial experiment on the sea.

Table 3. Position and the elements of geomagnetism by
the measured place of ship’ s magnetic fields

On berthing On the sea
Lat. 35°07.7 N 34°45. 7T N
Long. 129°07.1'E 128°54.6' E
T. bearing 215° 215°
Var. 7.0°W 7.0°W
Dip 49.5°N 49.0°N
Horizontal force(H)  30.3 uT 30.8 uT
Vertical force(V) 35.5 uT 354 uT

Total amount(ton) 4 "»'
40,050 =

= -
Y 100 m

Fig. 3. Schematic distribution of old metal amounts
and ship’ s location at the pier of Dong Kuk
Steel Mill.
- - : epuidistance from the position of the ship’s
magnetic compass
: old metals
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Fig. 4. Schematic distribution of the local
magnetism on the pier of Dong Kuk Steel
Mill and the ship’' s magnetism on the upper
deck(a), the forecastle deck(b), and the
compass deck(c) respectively.
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Fig. 5. Deviation and amount of old metal on the
pier of Dong Kuk Steel Mill from Jan. 21,
1995 to Feb. 14, 1996.
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Fig. 6. Schematic distribution of the local
magnetism and ship’'s magnetism at the

pier of Dong Kuk Steel Mill.
— : horizontal component, -+ : vertical component.
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Fig. 7. Local magnetism on the pier and ship’s
magnetism on the berthing at the pier of
Dong Kuk Steel Mill on Feb. 14, 1996.
(a) Horizontal component
(b) Vertical component
(¢) Direction of horizontal component
‘‘‘‘‘ + - : pier, - - : ship' s starboard side,
— o — : ship’ s port side
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Fig. 9. Local magnetism on the pier and ship’s
magnetism on the berthing at the pier and
the sailing on the sea.

(a) Horizontal component.

(b) Vertical component

(¢) Direction of horizontal component.
-.-4 - : local magnetism on the pier
—a— : starboard side on the berthing
—e— : port side on the berthing
—a— : starboard side on the sailing
—o— : port side on the sailing
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Fig. 10. Local magnetism on the pier of Dong Kuk
Steel Mill on Feb. 27, 1995 and Feb. 14, 1996.
(a) Horizontal component
(b) Vertical component
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Fig. 11. Ship' s magnetism on the berthing at the
pier of Dong Kuk Steel Mill on Jan. 21, 1995
and Jan. 22, 1996.
(a) Horizontal component.
(b) Vertical component
(¢) Direction of horizontal component.
- a— : starboard side, —*—- : port side ( Jan. 21,
1995)
—a-— | starboard side, --o— : port side ( Jan. 22,
1996)

N2 Ay $@AWFe 2 Fatn 9SS RYrh

3) & Aol M o) M A =} A3}

Fig. 12(a)~(c)= 19953 19 2143 19963 1
9 22 0f] Aol A FF T AA A9 Y
o Ao Av]eh wae vl Ao E, (a)
v FHEYH 7], be #HEH Y 27, (o
FREE HaS GERITE Fig. 12(a)ol A
Yetd A3 o] d dojA 1995 14 21l =
A AA FAFAM FHEY HaX e
5.8uT, i A& 30.1uT, HFA = 15.3uTH L
o, e 2] HAXE 1.3uT, H2) = 49.0uT,
PAA & 10.6pTR L, 199643 19 229 0] =33
AH $EEZAA FHEY HAx e 4.3,uT, 3
W= 57.2uT, BTR 19.2uTH 3, FE 29 HA
A& 5.1uT, ANA & 53.6uT, I & 22.0uT

-152 -



Z¥%R - A¥EY - 3P - ANE

2 vehd, 192 A sy g e P73
22 LHZoAE 3.9uT, FP SN E 11.4uT
F7He Ao 2 e

Fig. 12(b)oll A Yeld A3t o] &) 4o A
19950 19 210 ST A $@ 229 5
AEYo HaR e -35.0uT, HUX &= 35.2u7,
PHEAE -5.2uTHod, P29 HAxE
=371 T, HRA & 42.8uT, FFX = -6.7uT
31, 1996 19 22 S 3 M A $@ 2oA 9
FAEH HAaAE -34.2uT, HU A&
42.9uT, BT+ -3.2uTRey, HE 29 H4
A& -31.9uT, AWA & 47.6uT, HFA &
- 1.8uT2 Ve, 187 228 gFzog
$AZNME 2.0uT, BEZ N & 4.9uT 2715
Roz ey

Magoctic intensity( 79

Magnetic intensity{ #T)
~
o

Fig. 12. Ship’ s magnetism on the sailing at the sea
on Jan. 21, 1995 and Jan. 22, 1996.
(a) Horizontal component.
(b) Vertical component
(c) Direction of horizontal component.
—4—  starboard side, —# - : port side ( Jan. 21,
1995 )
—a— ! starboard side, - o— : port side ( Jan. 22,
1996 )
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Fig. 14, Deviation and ship’ s magnetism at the sea on Jan. 24, 1995 and Jan. 24, 1996.
(a) Deviation (—e— : Jan. 24, 1995 —o— : Jan. 24, 1996)

(b) Ship’ s magnetism

X axis component(—a— . Jan. 24, 1995, —a—: Jan. 24, 1996)
y axis component(—*— : Jan. 24, 1995, —o— : Jan. 24, 1996)
vertical component(—e— : Jan. 24, 1995, —o— : Jan. 24, 1996)
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