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Summary

Magnetic compass as a basic navigational instruments have
been used to measure target’s bearing and to determinate ship’s
course for a long time, and it is the rule by IMO that all vessels
should equip magnetic compass as a standard compass even now
though gyro compass is developed.

This paper describes that the characteristic of movement and
the performance of the directional system of the liquid magnetic
compass analyze and investigate in the kinds of compass and the
coefficient of viscosity of the liquid of the compass, which the
horizontal magnetic field of the geo-magnetic is varied from
the equator to the polar region (0 ,39gauss- 0.03gauss ) by use
of the apparatus generating generating artificial magnetic fields.

The results are as follows;

1. It is confirmed that the measured values and the calculated
values on the characteristic of damping curve and the conco-
mitant angle by the type of compass and coefficient of visco-
sity has almost agree with one another,

2. As the horizontal magnetic force geo-magnetic field approa-
ches around the equator ( 0,39gauss), the compass card prove

to be more quickly stabilized. On the contrary, the horizontal



magnetic field get near the polar region (0,03 gauss),its period
is to be longer and the compass card prove not to be more sta-
bilized.

The time (ti) reaching the principal points of the damping curves in
the kinds of compass and the coefficient of viscosity of the li-
quid in the compass is to be in oroportion to the-0,71 multip-
lication and the -0,80 multiplication, but the damping degree
(pi) is to be in proportion to the 0,22 multiplication and the
0.13-1,08 multiplication,

Above the 7 (rad, min), the overdevelopment of the concomitant
angle according to the turning angular velocity of the compass
bowl regularly keep on the concomitant angle at optional degree,
but below the 273 (rad/min) the period become the maximum
or the minimum per 180 degree,.

The concomitant angle is to be in proportion to the coeffici-
ent of viscosity of the liquid of the compass, and the turning
angular velocity of the compass bowl, but ones is to be in con-
trary proportion to the magnetic moment of the magnetic needle
and the horizontal magnetic field of geo-magnetic,

The coefficient of viscosity of the liquid in the A, B, C,D and
E compasses used in the experiment is estimated that A is 0,03
poise, B:0,02 poise, C; 0,02 poise, D:0.015 poise and E is 0,048

poise by computer simulation,
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Table 1, Specification of the experimented magnetic compass

Type of Clearance | Diameter Magnetic Manufactured
compass or card moment vear
(mm ) (mm) (c.g.s.)

A 11 190 2,385 1,979

B 17 178 1,961 1,966

C 23.5 165 1,640 1,970

D 3.5 187 1,271 1,950

E 4 97 994 1,980
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Fig. 1. Block diagram of the apparatus generating artificial
magnetic force and testing performance of magnetic
compass,
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Table 2. Specification of the helmholtz coil
Diameter | Distance of Width | Diameter Winding
helmholtz coil of coil number
(mm) (mm) (mm) (mm) (turns)
1,000 750 50 1 117
Table 3, Specification of the rotating apparatus
Diameter of Number Diameter of | Interval Rotating
rotating stand | of pully pully of pully speed
(mm) (mm) (mm) (R.PM.))
385 3 304 .8 1,200 150 ~ 1,500
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Table 4., The comparison of the measured values and the calculated
values of damping curve by the types of compass in the
horizontal magnetic field,

Type of | Horizontal | Damping | Swing Damping [Period |[Sensitivity
compass | nagnetic factor number | degree
field (D) (m) P D (t)
* **

(gus) | M | c™ M|c| M| c|M|c| M| C

0.39 0.63 063 3 4 168 168 16,2 16,2 4,1 4.3

A 030 0.64 064 3 4 16,2 163 19.4 18,5 4.6 6.0
0.18 0.66 0,66 3 3 151 153 271.4 300 6,6 8.0

0.03 0.77 077 2 2 10,2 10,2 72.0 70.7 223 223

0.39 0.60 060 3 4 18,0 179 13.0 13.0 3.0 3.2

B 0.30 0.62 062 3 4 171 172 15,1 152 3.7 3.8
0.18 0.66 0.65 3 4 158 159 2.1 21,1 54 5.6

0.03 0.83 084 2 2 7.5 7.3 - 5.0 182 180

0.39 0.64 0,64 3 3 160 16,0 150 130 3.0 4.5

C 0.30 0.66 0.65 3 4 15,5 158 16,5 .0 3,5 4.0
0.18 0.70 0,71 3 3 135 13.0 260 25 5.5 8.5

0.03 0,77 0.718 2 2 10,5 100 - 5.5 185 18.5

0.39 0.63 0.60 3 4 16,5 18,0 180 170 4.0 5.5

D 0.30 0.67 0.66 2 4 150 152 220 2.5 5.0 6.5
0.18 0.68 0.67 2 3 14.5 15.0 30.0 28.0 6.5 9.0

0.03 0.80 0.80 1 2 9.0 9.0 - .0 23.0 225

0.39 0,59 057 3 4 185 195 100 100 20 3.0

E 0.30 0.62 0.58 2 4 17,0 19,0 12,0 12,5 25 3.5
0.18 0.64 0,62 2 3 16,0 17.0 21,0 20,0 4,0 6.2

0.03 0.88 0,89 1 2 5.5 5.0 - 450 15.0 15.0

* M ! measured value
w* C : calculated value
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Fig. 614 #EE7 2z /min, z/mindl 23 MM —EahA =&
EE et 2N BEHAS KFERB A7ld ozt +3lH Table 59
2ot

Table 5, Concomitant angle and the rotated degree of

compass bowl in accordance with horizontal
magnetic force

H( gauss) 0.03 0.18 0.30 0.39

W(rad,/min) At P*| A P A P A P
2 r 10 405 7 270 4 225 4 225
™ 6 925 4 135 2 225 2 225

* A : Concomitant angle

» P : Rotating degree of compass bowl when the concomitant
angle is keeping constant

Table Soll A, F#A> DIEAFREZ AAA Y, KFEEH] FE5F
AR, ® Ffefel —EstA 2 W A pmwmEs AFRECH AA
Avt, AFEH G A, AANE @Amel AN

i
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olef 1=, [ MEsL 270° K27t = Wimstohzh, HA ®psted  450°
S

ol 4] &v7b 1Az, oA @wmatrl A 2sle] 630° H-ZollA mA 7}

slel, 180" & AME KMol BA, &7 S BEAES el
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Fig. 8. Variation of concomitant angle by the turning
angular velocity of compass and the coefficient
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