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Antenna Stabilization System
By

Zenzaburo SAwAI, Minoru HIGASHIGUCHI
and Michio YAMASHITA

Abstract: Some considerations of the antenna stabilization system in an airborne Doppler
radar and its experimental results so far obtained are reported in this paper. Although
the so-called data stabilization system is also used for the same purpose, it is discussed in
an accompanied paper in this issue.

The antenna stabilization system consists of two main parts; that is, a Vertical Refer-
ence and a Follow-up Servo Loop. How to determine a reference line (the vertical or
the horizon) in an inertial space is an important problem, and it is considered briefly.
In this paper, however, an emphasis is laid on discussions of the follow-up servo in the
antenna control system, the input signals of which are a pitching, a rolling and a yawing
signal referred to an aircraft attitude. Such a servo system is also built by using a
vertical gyro as a reference, for examing the overall performance and characteristics of

control elements such as magnetic amplifiers, balancing of pitch and roll frames, etc..
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(2) 7—s%ehz (Data Stabilization System)
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Fig. 3.1. An experimental antenna stabilization F1- 27 ONEBERO LY £
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channel | pick-off signal (sin IV.R Signal B ) _
:fgg?)—r‘";RT R O BT O I bEE L b O &
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— Nl R channel
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Vertical Gyro plck off
(pitch)  FORE
Fig. 3.2. A block diagram of an antenna stabilizer. — 1\
YR: vertical reference ;iiﬁl‘(’)‘;
I' : torquer (roll)
R : resolver - RIGHT
TG : tachometer-generator 7
M : servomoter fgfﬁ‘jﬁ? t(orqllie)r
’ : ro
MSA : magnetic servoamplifier gyro rotor
VTSA: vacuum-tube servoamplifier Fig. 3.3. The vertical gyroscope.
Table 3.1. DESIGN FEATURES OF VERTICAL GYROSCOPE
DEGREES OF FREEDOM eror 15 ‘\/Iax error splead throuch +45°
Two degrees of freedom gyro with #85° free- Null: 30 mV RMS Maximum
dom‘m_roll anfiijAb freedom in pgi}ii ) EéﬂAv'——#fﬁ&SRl - o
PICKOFFS Synchronous, Hysteresis
Type: Synchro Resolver Excitation : 115 Volts, 400 Cycle, 3 Phase
Excitation : 26 Volts, 400 Cycie, Single Phase | Power: Starting : 40 VA, 30 Watts max.
Voltage Gradient: 0.130 Volts/Degree ! Running : 30 VA, 15 Watts max.
Output Voltage: 6.4 Volts, Sinusoidal | Speed : 24,000 rpm within 2 mins. time of
Impedance, Output Winding: (primary short- = starting
circuited) Direct axis 20-+j 5.5, Quad. axis | Rotor Inertia: 900 g—cm®
26+j 7.3 . Angular Momentum : 2.25x 10° g-cm®/sec.
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Table 3.2. PERFORMANCE CHARACTERISTICS

Repeatability to established vertical : To within | Free drift rate in 5 minutes of time: 2° max.
a cone of half angle equal to 5 minutes of arc. at room temperature; 2%° max. at — 54°C
and +71°C
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Fig. 3.4. The precession of a gyroscope.
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Fig. 3.5. Pitching action of the vertical Fig. 3.6. Rolling action of the vertical
gyroscope. gyroscope.
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Fig. 3.7. The frequency response of the vacuum-tube servoamplifier.
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Kearfott %! Servomotor-generator R801-2A-424586 (gear head) # fi\ /2. ZDH —:K
E—FTLEIEOC ., Fhl, v—LEPHEEHTL. o F o o—L@MESELY T~
AL T# 3. Table 3.3 & 3.4 2O ETER CHEBEHERT.

Table 3.3. Electrical Ratings of Servomotor-generator.

MOTOR CHARACTERISTICS GENERATOR CHARACTERISTICS

Fixed phase i Control phase Excitation | Output
Voltage 15V [ 300V 150V | Voltage 115V | Volts at 0xpm 0.013
Frequency } 400¢/s | 400 c/s 400c/s ' Frequency 400c/s | Volts at 1000 rpm. 3.2.
Current* 0.183A | 0.067A 0.134A = Current 73mA | Phase Shift RMS
Power Input* 9.2W | 9.6W 9.0W i Power Input 5.4W at 0 rpm  85° lead
P.F.* 043 0.48 0.45 | PF. 0.64 } at 50 rpm 4.5° lag
R* . 280Q . 2140Q  500Q | R 1012Q ' at 3000 rpm 5° lag
X* | 575Q . 3960Q 10150 L X 1210Q | at 5000 rpm 4.5° lag
z* O 6i0Q | 4500Q 11200 | Z 15752 | Output Impedance 220002
Effective R* 146002 9400  2500(r | Effective R 2440Q ' Max. Speed for Linear

i 1 \
Parallel tuning 1 t Qutput 5000 rpm

Condenser 0.08 I 0.32 uF ‘ ]

*: at stall value

Table 3.4. Mechanical Ratings of Servomotor-generator.

MOTOR WITH GEAR HEAD

Rotor Inertia: 5.73 g-cm® Gear Down Ratio: 58.3

Torque at Stall: 2.4 0z-in=1.69X107* N-m Static Torque: 97.9 0z-in=9.691 N-m
No Load Speed: 4700 rpm Backlash: 20'(max.)

Max. Power Output: 2.4 W

Time Constant: 0.0167 sec

Torque (at Max. Power Output) : 1.4 oz-in
Speed (at Max. Power Output) : 2300 rpm

Operating Temp. Range: —54°C~+100°C

|
|
i
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Fig. 3.10-(b). The jump characteristics of the
magnetic amplifier. (switch K is off in Fig. (a))

LOAD

160

140
. .. ¥ I &
Fig. 3.9. A doubler circuit. l B el P VAR
R.: control resistance ! ! 100 I <
ve: control voltage (DC) ! h =
Y ! r EO; =
v T6 L 0ol
ssiranilc o N
°__J AMP o , |’ 40 -
S S N — =
f“‘ 20 5
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= . T

(K 5 4 3 2 40
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Fig. 3.10-(c). The jump characteristics of the
magnetic amplifier. (switch K is on in Fig. (a))

é
400 C/s
Power supply

Fig. 3.10-(a). A test circuit of the magnetic

amphﬁer (doubler circuit). ;
M servomotor 170
'IG: tachometer-generator 160 ———
ic : control current (DC) o =
<
vy : output voltage 120 & &
<L
100 | =
80> 2
605
0 5
0 3
-5 -4 S =2 -1 0 +1 +2

DC control current 4 (mA)

Fig. 3.12. Effects of external feedback in the

Fig. 3.11. An example of external feedback
magnetic amplifier (doubler circuit).

(voltage feedback).
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Fig. 3.13 The Geyger circuit with
center-tap. 7. : control voltage (AC)

MAG-AMP
IT, —mw——mw—————
12AUBX? .%E |
e | |k
T e
E| A —
M o
+B (300V) _ £
115V, 400 %

Fig. 3.14. Schematic diagram of the magnetic servoamplifier.
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100
30

80,

A Metor excited

Excitation EO\
/ B~ Motor not excited
. 50
Input  Cutput g 40 '
£30
20
10 l.c (mA) _—
2 ! ! ?
30 20 VR 0 20 30
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Fig. 3.15. The characteristics of the magnetic
servoamplifier (Fig. 3.14).
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