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The Sensitivity Enhancement for the Deflection Sensor of
the Marine Gyrocompass Follow-up System
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Abstract

As a basic study for enhancing the sensitivity of the follow-up system of the marine gyrocompass,
the geometric characteristics of the deflection sensor were investigated and the theoretical model of
it was formulated.

The output signal voltage of the deflection sensor was examined by changing the attitude of gyros-
phere against follow-up container. The characteristics of the output are found to be identical with those
of the distance difference versus the relative azimuthal deflection of the gyrosphere against the follow-
up container.

On the base of the theoretical model, some useful points for the design of the deflection sensor are
suggested as following :

1. When the difference between semidiameter of gyrosphere and that of the follow-up container de-
creases, the sensitivity of deflection sensor increases.

2. If the semidiameter difference of two spheres is constant, the sensitivity of deflection sensor is pro-
portional to the magnitude of the semidiameter of each sphere.
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3. The farther the gyrosphere is deviated from the center of follow-up container, the higher the sensi-

tivity of deflection sensor is.

4. It is recommendable that the value of the datum deflection of the electrodes on the gyrosphere

should be within the range between 4° and 16° deviated from north-south line.
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a . semidiameter of follow-up container
b . semidiameter of gyrosphere
d: : resistance of supporting liquid between e and E
d: . resistance of supporting liquid between w and W

D, ! distance between e and E

D, . distance between w and W

D; : | D,—D,|

. follow-up electrodes on gyroshpere

. follow-up electrodes on follow-up container
K @ la—bl

Vc  control voltage

. supply voltage

Vi ! signal voltage versus deflection angle

Vo . output voltage of addition circuit

. gyrosphere’s moved distance along the orthogonal direction to the electordes E and W

. gyrosphere’s moved distance along the direction to the electrode E and W

X
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a . deflection angle

A . datum deflection angle
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Fig. 3. Follow-up system on the marine
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Fig. 2. The signal flow chart of
follow-up system.

©]&% wheaston bridge (fig.4.)8-& FIHZ &
it g0 THet o] 28 A Wetd ohe g grp e
SEHEES) MEARE (Fig 30N Lo s B 4 wheasion bridec
BATE d,, 4, F19) $UF EEHEY R, R 'g- 4. wheaston bridg

2 B WSS T, 9 1K coil 522 wheaston bridge @2} @) @) Alole Bii(lp v tha# #o] %
[Elgg7F Bngech B

(d, - d;) ‘R-E

Ig —_— o e e (1)
X, (d, +R) (d, +R) +d, -R(d, +R) + d,-R (d, +R)

@ X, TY reactance

d;, d; . FE#Kke TEHEET GRICEERM o PERo) ot &3

E . BREE

R= R] = Rz

(1 KoM B et Eedfe] mAaol sl Mt B £% d=d+ Ad d;=d — AdE
oW d xd2 Hol @), G Aleo]o] HEi Ige & I A4 4+ gk
22 ged, 28y, FEAl 7Y Sl K o] BRE (D) Kol fRABHA
2-E-R-Ad

Ig DI e e B AL A (2)
X, ((d+R)?*-(ad)?} +2-R{d?+Rd - (ad)?)




7b ©th Ad7) B2 ER (Ad)?ES BAEE

I 2-E-R-Ad (3
g = X, (d+R)? +2-d-R(d+R)
2 RHdo.
IHER @, @Aele) REEHEE Vie
vi = 2-E-X -R .
'T X @+R?+2-d-RE@FR)
Ad = K- Ad
<K-— 2 ‘E'R'XL >
X, (d+R?+2-d-R(d+R)

2.3. RAMKHSE gl

KA BRo| RABHER (Vi) KK
i MR Adol WA HHRe B%E A
2 FHof SlojA I e BHEMS) FEmE Lol
v} & g,

IHER Vie B BREERN S Bl
Bol vaggs & & ok g Vigte T
B M LBEE o]l A BATERM-C
PEREETE 1R A Wdtertel wal APt o)y
& Mol EHSt BNEERC) RS B8
© #EBH 2dE FAEU)E S

(1) Aol2art BHREE (B, W 2 KA
o2 yuiE BET 49 (Fig.5)

a, =+ a® +y? — 2ay cos «

a, =/a2+y2+2ay cos a

a’ = sin ! (2 sin a)
a,
P -1 @ .
a” = sin™! (= sina)
a,
f, = cos™! (2)
a,
f, = coswt (2)
*2

D D& 7%= HEX

Aol ZE L B RABLR B9 P

Fig. 6. Schematic diagram showing the relation-
ships between follow up electrods

(y direction).

@ a+add,
Dy =+ a,7- b?+ b7 (A+a’'~
6.>/180
@ a+a =4,
D, =4 af-b?
® oa+a'( b,

D, =4 af+b*—2a;b cos(a +a’)

2) D& T3te HERX

O a>a
i) a”—-a> 0,
D, =+ a}-b*+ b7 (a’~
A—=0,)/180
i) a’—a =46,
D, =+ aZ-b?

iii) a™—a (6,

D,=vaZ+b2—2a,bcos(a’— A)



REMGEREEE ¥ 125 55 2%%, 1988, pp.33—42

a”—0,)/180
ii) aA—a”" =6,

D2 = 4/ a.zz‘ b?

iii) a—a” < 8,

D,=+/a 2+b?—2a bcos(a — a”)
3 DyE ok HER
D3 = l Dl - D2 ‘

A9 2ANFA A AN FAE B
Fig 6.3} Zth

get input data

) o ——

d3:=1d1-d2{

Fig 8. The flow chart of numerical calculation.

(2) Xpel28krt BRBHEY BHAKMO S 17
BEIY 4%+ Fig 7.3 o] EA5n =943
Fx At ks (D) 3 e uho s FAd

=3

Fig. 7. Schematic diagram showing the relation-
ships between follow-up electrods

(x direction).

3. ZEo| &

3.1. RRKE RN

% gyrocompass (Hokushin D—1) F&HHES
TFRRC] F0E EtaE £7)0) Yol FEHe
AANE BWA ANA 7IHA RS R
& AESATE E&ol T4 146mm, 200mm, 225
mm o FE2E AR EHE FAE £ U=
B FERoRd BRERS BEYisld Mz
BV 2225 Fitstdrh Sty Fole F
4 152 , glycerin 0.1 , benzeiacid 3.2g¢) It
2 FRKRS WHEo Afch

Fig 8. & #lo|2Ee) ¥ & (E, WS EHC
2 443 Btk T B (E, Wl BERER
(Veo) & fekAslar, nEEE (QA74DE AHE-3h
A 4,3 dol Zele F BB £E 73t |
BEolt). saMEERY] F B (E, Wl 3F Hd&
FFe TEFRe A 4F ddle AH V=
O~ +Vee, Vo = O~—Vee &1 Hgfo] vepdel o
Aol 7t g FHEE Vo=V, + V,7b Ho
THEAT d, d AtelY] BEE B



10K 10K

.12

Z\L Y
;;Am [3 °

-12

oscilloscope
10K

A

+—

w
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uring the voltage difference between two
sets of follow-up electrodes.
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