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Abstract

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

The output signal voltage of the deflection sensor was exam-
ined by changing the attitude of gyrosphere against follow-up con-
tainer. The characteristics of the output are found to beé identi-
cal with those of the distance difference versus the relative azi-
muathal deflection of the gyrosphere against the follow-up container.

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

L. When the difference between semidiameter of gyrosphere and
that of the follow-up container decreases, the sensitivity

of deflection sensor increases.

2. If the sewidiameter differcnce of two spheres is constant,
the sensitivity of deflection sensor is proportional to the

magnitude of the semidiameter of each sphere,
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Abstract

As a basic study for enhancing the sensitivity of the follow-
up system of the marine gyrocompass, the geometric characteris-—
tics of the deflection sensor were investigated and the theoreti-
cal model of it was formulated.

The output signal voltage of the deflection sensor was exam-
ined by changing the attitude of gyrosphere against follow—up con-—
tainer. The characteristics of the output are found to be identi-
cal with those of the distance difference versus the relative azi-
muthal deflection of the gyrosphere against the fellow-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 decreases, the sensitivity
of deflection sensor increases.

2. If the semidiameter difference of two spheres is constant,
the sensitivity of deflection sensor is proportional to the
magnitude of the semidiameter of each sphere,

3. The farther the gyrosphere is deviated from the center of
foliow-up contalner, the higher the sensitivity of deflection
5ensor 1S.

. i+ is recommendsble that the value of the datum deflection of
the electrodes on the gyrosphere should be within the range

L0 o . , .
betwsew 4 and 16 deviated from north-south line,
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a : semidiameter of follow-up container.

b : semidiameter of gyrosphere.

di : resistance of supporting liquid between e and E.
d2 : resistance of supporting liquid between w and W.
D, : distance between e and E.

D2 : distance betweer w and W.

D:; : lD;—Dz

e,w : follow=-up electrodes on gyroshpere,

E,W : follow-up electrodes on follow-up container.
K : a-»>

Vc @ control voltage.

Vce : supply voltage.

Vi : signal voltage versus deflection angle.
Vo : output voltage of addition circuit.
X : gyrosphere's moved distance along the orthogonal direction

to the electrodes E and W,

y : gyrosphere's moved distance along the direction to the
electrode E and W,

a : deflection angle.

A @ datum deflection angle.
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A& 9= gyrocompass BYHH HEBE] FHmMEH BREH BmLE
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B A7l = HM#E71ol (reduction gears), ® HiE# (transmitter) o §
HAE ME#AA  repeater ol HIMHE MpsE LUK (container
sphere) 522 FA=Ho gtk
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Fig.2. The signal flow chart of follow~up system.
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4. ®# 9 Simulation
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Fig. 13. Distarce difference between electrodes versus deflection
anglcs under the given deviation(y).
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The program of numerical calcuiation (1)

L0 REM #3330 M R
11 REM % DISTANCE DIFF, WHEN #*
i¥ REM ¥ X & Y IS CHANGED *
L3 REM e 36303 M M F M X
16 RD = T.141%%26 / 180

GOSB 1C00C

HOME
VIAB I PRINT *% INPUT THE VALUES OF INITIAL SETTING. "
VTAR &
HYA3 T “I.BASIC TIiLT= 5T
3 ‘Z2.DIALTF GQUYER SPHERE= "; 4
“Z.DIA. INNER SPHERE= °; B
INFUT *4.MAX.DEGREE OF SPIN= i3
POINEUT 3. MAKX. VALUE OF X-AXIS SHIFTING= *;1I
R

Wege oyrge LEEER DS~ - D6*

HGR @ HCOLOR= 3

HPLOY 0,0 TO &, 15% TO 200, 155
FOR ¥ » -0 TG 1 STEP 3

FOR 2 = G TO 3

A3 o SQAR A N 2 4 W N 2 - 2 oAk X ¥*  EIN IRD ¥ V)
A = BAR A C 2+ X "2 ¢ 2 % 5 % K # SIN (RD % Vi3
I3 = FM ALS(B / A VS = FHRCOACSHA f A 3

€08 (Vv & RD))

-
IF X o 8 % SIN (RD % V) THEN G270 <00
CIET e UZ- 2B THEN Da- W S8R (AT 2B " 2) ¥ B K (ZI (T v U3+

IF %« U3 » I3 THEN DA & SaF 1A - B ~ 2
IF T e W3 L 2T THIN D4 = SON (A5 A 2 4+ B ~ 2 - 2 2 a3 ¥ 3 & COS <7
N S
AOC TF T w YT THEN DE = L0 GOTO 49
G1T IF T NI THEN - GOTG 480
E-I I (O S VI I3 THEN B3 = SR (A3 ~ 2 - B ~ 21 + B % (7 V3 - Z3)
BT M D ow ZGR (A3 Y 2 - B - 2
43 THEM DA m SUS (AT S 2 + B ~ 2 - % % A3 ¥ B ¥ COS (T
aq
EE T 223 THEN D4 = —B "~ Zi + B ¥ 4T TR Z3:
EXS @ TX OTHEN D4«

BTG DT X e W4 SR ETM D3 e

T2 -2 #AZ R EBE % COS (T

SR L S ot v 11 VoF RD)

BOTC 400

- B # (V4 - T - Zay

2 - 2% AY ¥ B ¥ LOS W

Y- V4 Ze THEN 0%

= ! 2 + B F (T -~ ya ~ 74
e T - e Za THEN D3 w woe
T30 A Goed Ta THIw nS 3 Z ¥ e % B ®  COS 7
0N D ¢ o 5ok w
S SRS R i
VB, : \, o S 12
BOw BN MENY v AT N =
TDOU PRINT "END OF JOB. -2 END
LOGDC  DEE PN ASNIXD . ATN. (X SR - X ¥ X o+ 1)
0010 FN ACSIX) = - T s SAR ¢ - X ¥ X ¢+ [)) + :,8%7pn

10020  NETURN
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The program of numerical calcuiation (II)

10
12
14
20
30
35
40
So
&0

REM

RD = 3.,1415926 / 1
GOSUB 10000

HOME

VTAB 3: PRINT °*¥%
VTAB 6

HTAB 3: PRINT *"i.
HTAB 3: _PRINT_."2.
HTAB 3: PRINT "3.

70_. HTAB _3: . INPUT 4.

80

HTAB 3: PRINT *5.

100. HGR : HCOLOR= 3
103 HPLOT 0,0 7O 0,155 TO 200,155
110 FOR T1 = O TO 20 STEP 4

113
120
200
210
220
300
310
320

400
ai0
500
510
520
530
540

550
560
370
580

600 D3 = D1 - D2: IF D3I < O THEN D
700

730

T = T1 # RD

_FORV = 0 TQ J
AL = SGR (A ~ 2
AZ = SAR (A ~ 2

Z1 = FN ACS(B /

IF T ¢+ VL > Z1 THEN Di = S8R (Al
IF T + VL = Z1 THEN D1 = S@R (Al
JF T # V1 < Z1 THEN D1 =_ SGR_(Al =

+ VL))
V2 = FN ASN(A /

80

INPUT THE VALUES OF INITIAL SETTING.

MAX.BASIC TILT= 20*:T1 = 20
DIA.OF DUTER SPHERE= 1446":A = 146
DIA.OF INNER SPHERE= 126":B = 126
MAX.DEGREE OF SPIN= *3J

Y-AXIS SHIFTING VALUE= 3";Y

+Y~2-2%A%Y#%* COS (RD # V))

+ Y~ 24+ 2%A%YH% COS (RD * V))

A1):VL = FN ASN(A / AL # SIN (V # RD))

- B~ 2) + B *_(T +#Vl - Z1)

- B~ 2)

4B 12 -2%AlLX%XB*_COS (T

* Y
* Y
~2
~ 2
2

A2 ¥ SIN (V ¥ RD))

22 = .FN ACS(B / A2)
IF V2 = T THEN D2 = A2: GOTO 400
IF V2 ¢ T THEN GOTO 540
_ IF V2 - T > Z2 THEN. D2 = SGR (A2 ~ 2 - B ~ 2) + B % (V2 - T - 22}
IFV2 - T =22 THEN D2 = SGR (A2 ~ 2 - B ~ 2)
IF Y2 - T ¢ Z2 THEN D2 = _SBR (A2 ~ 2 + B ~ 2 -2 % 42 # B # COS (V
2 - T
. GOTO 600 O AN, B
IF T -V2)>Z2THEN D2 = SBR (A2 ~ 2 - B ~ 2) + B # (T - V2 - 22)
IF T -V2 =22 THEN. D2 = SQR (A2 ~ 2 - B ~ 2)
IF T-V2<C<Z2THEN D2 = SGR (A2 ~ 2 + B ~ 2 - 2 # A2 ¥ B ¥ COS (T

- va))

PRINT T1t* *jVi~
YP = (55 - (D3 %

77Q__HPLOT XP,YP

800

1000  PRINT °X-AXIS 3

PRINT : NEXT Vv:

1002 PRINT "Y-AXIS @
1004 PRINT " <END>® .
10000 DEF FN ASN(X) = ATM - S8R ( - X # X + 1))

10010 _DEF_ FN AGS(X) = - A1 (X / SER ( - X % X + £)) + £.5708

10020  RETURN

=0
“$Di3" "31D23% "3D3:
2):1XP = V ¥ S: IF YP < O THEN 800

PRINT : NEXT T1
DEFLECTION OF SPHERES®
DISTANCE DIFFERENCE(D3)

: END



