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Recently, various navigational instruments are being composed into a total navigational sys-

tem. This system requires accurate ship's heading in digital form. The authors have been

studying about an electromagnetic compass with a three — axis magnetic sensor in order to pro-

vide an accurate ship’s magnetic heading which the compass deviations can automatically com-

pensated in the compass itself.

In this paper describe on the theory how to derive the poisson’s coefficients from ship's mag-

netism measured with three axis magnetic sensor and the results obtained by the simulation

using deviascope, and that results practically coincident with the value observed by bearing on

a distant object with magnetic compass.
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X=H cosbm
Y=~ H sinfm (1)
zZ=V
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X=X+X
Y=Y+Y¥1
Z2'=Z+7Z\ (2)
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Xi=aX+bY+cZ+P
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Xo=H cosbm=X
Yo= - H sinbm cosa.+Zsina=Y cosa +Z sina(5)
Za=Z coso.+H sinfm sina =2 cost. — Y sina

&m : magnetic course
d : deviation
H : horizontal component

of geomagnetic field
X.Y: x or y axis

component of H

Fig. 1. Geometrical relations among geo - magne
tic field and ship's magnetic field.
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Fig. 2. Analysis of the ship’s total magnetic field in
heeling.
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X'o=Xoa+aXo+bYo+cZo+P
Yo=Yo+dXo+eYo+fZa+Q (6)
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Y'= - H sinfm+dH c0sbm — eH sinbm+fZ+Q (9)
Z'=7+gH~c088m — aH sinm+kZ+R

(9)4 9] X'of|, MEREHLr o7t 72 07, 90°,
180°,270° 2t A& o, 2 o) WEKBETFE 53
5 E MABRRT 2718 X', X', X'180, X'210
2 ]

X'o=H+aH+cZ+P
X'9o=- bH+cZ+P
X180=~- H —aH+cZ+P
X'210=bH+cZ+P
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e=(Y'210 - X'90 - 2H)/2H
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X'r=X+aX+(b sina+c cosa)Z+P
Y'r=dX+(e sina+f cosa)Z+@Q
Z"=Z+gX+(h sina+k cosa)Z+R
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Fig. 3. Blockdiagram for the experimented device.
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Table 1. Principal particulars for experimental
model ship of deviascope

Item Specification
Ship’s material iron
Lpp 15m
B.Md 3m
D.Md 1.5m
Gross tonnage 5ton
Motor horse power 7.5ps
Setting type platform

Table 2. Specification of the three axis magnetic
field sensor

Item Specification
Sensor type 3 orthogonal sensing elements
Measuring range +100uT
Linearity 0.02%
Dynamic range 94dB
Bandwidth dc to - 3dB at 1kHz

Calibration accuracy  +1%
Operation Temper-
ature range
Output scaling

-20TC to+85TC
10uT/V

Table 3. Specification of experimental magnetic
compass(Saura, S165G)

Typ Clearance Diameter of  Magnetic = Manufactural
€ (mm) cprd(imm) Moment(c, g, s) Year
Stand 235 165 1640 1970

L axis ===

=1

=F ===

Fig. 4. Example of record for ominidirectionoal
magnetic field's component of deviascope.
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Fig. 5. Deviation curve measured by the magnetic
compass.
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Fig. 6. Deviation curve measured by the 3-axis
magnetic sensor.
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Table 49) AR MEHES(11)3H(14)2 o)
Hdste] 78 e HERE S kK ARERS S
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a=- 0.15,b=— 0.033,c=- 0.757, P=23.0

d=0.017, e=- 0.233, f=- 5.34, Q=190

g=-0.027,h=0.013, k=— 0.298, R=13.4
o #3, BEFEE 424 A=1.77, B=- 17.33,
C=2.00,D=292, E= ~ 0.570] ]t}
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Table 4. Measured value of ship's magnetic field

6m=0° 6m=90" 6m=180" Om=270" Or
X' 22,5 -2.0 ~28.5 -4.0 225
Y 0.0 -21.0 1.0 25.0 0.0
Z 36.8 37.2 38.4 38.0 37.2
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Fig. 7. Comparison between the both of deviation
curve measured by the magnetic compass
and the 3-axis magnetic sensor.
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