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1. INTRODUCTION

This document provides data for the servoelectronics system used to drive an antenna
platform tor missile guidance applications. The servoelectronics system is illustrated in figure
1. A complete analysis of the system is provided in reference 1. It would benefit the reader
to use that reference in conjunction with this document. The servoelectronics analysis was
arrived at by using the given antenna platform mechanical and electrical characteristics (such
as torque motor electrical characteristics, mechanical gearings, and expected inertia load con-
ditions). The purpose of this document is to present the electrical and electronic design data
required to complete the hardware for the servoelectronics loop. In addition, 4 limited set of
mechantcal drawings is included to complete the documentation,

The system is capable of driving two separate platforms: the 10-inch torque motor-
driven antenna platform. which is the platform discussed in this document: and a 5-inch mag-
netic particle clutch motor-driven antenna platform designed by Hughes Aircraft Company.
The necessary card change (servoamplifier card and current drivers) und component changes
on the compensation card are pointed out in the appropriate sections.

The electronics was designed for laboratory use only, and certain shortcuts were
taken (such as minimal packaging) in the design process to control cost and to meet a short
schedule. Another design iteration is required to provide units suitable for flight test. Cost,
weight, and size reduction will be addressed in a redesign.

II. ELECTRICAL DESIGN

The electrical design section provides the electrical interfaces and interconnections.
The electrical design permits ready access to critical areas for testing and modification pur-
poses and is eusily set up to provide a good portable laboratory test bench. Interfaces with
supporting equipment and system components are easily accomplished. Figure 2 illustrates
system interfaces and connections.

A. WIRING HARNESS

The wiring harness diagram, as shown in figure 3. illustrates the interconnections
between the control panel and the card cage and between the card cage and the antenna
platform. [t also illustrates signals coming from the video processor (not discussed in this
document) and necessary power-supply connections. The cable between the control panel
and the card cage was made 15 feet long so as to allow adequate separation between the op-
erator and the antenna platform for rf interference suppression and testing purposes. The
cable between the card cage and the platform is 2 feet long. Table | contains the parts list
for the wiring harness.

B. CONTROL PANEL

The main function of the control panel. shown in figure 4. is to allow manual
operation and monitoring of the servoelectronics system. The control panel schematic is
illustrated in figure 5. Test jacks are provided to permit monitoring of pertinent signals. The
flight programmer control panel switch is provided to transfer control from the control panel
to the flight programmer (video processor signals).

INOSC TR 527, High Torque-to-Inertia Servo System tor Stabilizing Sensor Systems. by
F. D. Groutage. 1980.
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Quantity

CB-P!
CB-P2
CB-P3
CB-P4
CG-P1
CcG-p2
CG-P3
CG-P4
G-P1

Part Number

PTO6A-18-32P (SR)
MS3116E14-19SW
PTO6E-14-18SW (SR)
MS3106R16-11S8 (C)
PTO6A-16-26S (SR)
MS3116E14-19SW
PTO6E-14-18SW (SR)
PTO6A-18-32S (SR)
PT06SE-20-39PY

Manufacturer

Berdix
Bendix
Bendix
Cannon
Bendix
Bendix
Bendix
Bendix

Bendix

Table 1. Wiring harness parts list.

Nomenclature

Connector
Connector
Connector
Connector
Connector
Connector
Connector
Connector

Connector
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The control panel has severil modes of operation. In the TEST mode. signals can be
mjected to drive the inner and outer gimbal. Two lights are provided 10 indicate that the in-
put jacks tor signal injection are activated tor the inner and outer gimbals. When the TRACK
SLAVE switch is in the SLAVE position, the TEST mode permits the injection of an inner
and or outer gimbal slave commuand to slow the antenna plattorm. It the TRACK'SLAVLE
switch s inthe TRACK position, the TEST mode permits the injection ot an inner and outer
gumbal rate signal to control the pointing of the antenna platform. When the system s in
IRACK. the TRACK SLAVE light s activated.

In SLAVE mode. only slave commands can be given and the position potentiometers
provide the voltage to slew and position the inner and outer gimbal,

In the TRACK mode. rate signals are provided by the guidance svstemanputs only,
When meither TRACK or SLAVE mode. the TRACK SLAVE switch s overridden.

In the CAGE mode. the mner and outer gimbals are positioned to look torward or m
G7ero posttion.

The digital voltmeter will check the tollow g voltages: + 3 Vdoe, <153 Vde.and 28 Vide
No power is applied to the servoelectronies until the power switch s on. wlhich s indicated
by a light. The torquer and gy ro switches apply 28 Vde to the current drivers and the MHD
driver, respectively, as indicated by their respective hghts, The control panel parts hist s
shown in table 2.

C. CARD CAGL

Frgure 6 shows the card cage tully assembled. The card cage s the housimg and
intertuce wiring tor the compensation card, demodulator card. MHD driver card. and the
mner and outer eambal current drvers . The card cage s wired to operate the 10-meh antenna
pluttorm (torque motor plattornn as well as the Hughes Areratt Company Sanch antenna
plattorm tagnetie particle cluteh motor plattormy - Ihe cards are waire-wrapped to permit
quick and casy assembby s moditicationand addition ot test points 1o the controb panel An
extender card was tubrnicated to enable on-hine testing. Table 3 shows the card-cage parts hist
and figure 7 os the card-cage wirig diagram. A bus system was incorporated with a central
ground wheel to chiminuate signal and groundimg problems.

The card cage and its associated electronies can be signiticantly reduced i ~size and
weight in g redesign to puckage tor missile upplications,

1. Compensation Card

Figure ¥ shows the compensation card, which provides the necessary compensation
required tor the slave and truck loops of the servo loop that will be discussed in the elec-
tronics design section. The compensation card is inserted into the tirst slot provided
{nearest to connectors) in the card cage (X, Figure 9 is the compensation card schematic
and table 4 is the parts list. The compensation card interconnect diagram s shown m tig-
ure 10. The compensation card is made entirely trom dual in-line integrated circuits and
discrete components,

This is the only card that requires component changes to drive the S-inch magnetic
particle clutch; motor-driven antenna platform. Table § shows the necessary component
changes.

The switches in figure 9 (U4 and U10) are drawn to represent TRACK mode. 1 a '
high input is placed on the TRACK/SLAVE input (P1-19), this activates the switches, places
the card in the SLAVE mode, and discharges the capacitors of the integrators (U3 and U9, 5

15




ﬁ Quantity
DM-1 ]
¢B-1.C8B-2 2
CB-3.CB-4 2
CB-5 !
KI-K11 Il
L 1
121o s
J1 !
12 i
)3 1
14 ]
Is I
R1 ]
R2 ]
R3 R4 2
STOS3.84085 4
N8 2
S3 I
Test poants 41
\XLEXLo O
4

Part Number

DMI0004BIA
MS3320-1
MS26574-3
$3320-5
J-D4A-00K
5074758

#iy
PTO2A-18-3285 (SR)
MS3LI2E14-19W
PTO2E-14-18PW
MS3102A16-1 1P
IVN3IKIINS
1:4W 100K

I 4W IK

35438-1-502

IMT-123
6439
MTL 3060

SOR-7S45.504

See figure 29

Manufacturer Nomenclature

Date | Digital voltmeter
Circuit breaker (1A)
Circuit breaker (3A)
Circuit breaker (5A)

Leach Relay

Dialco Lamp (6V)

Dialco Lamp (28V)

Bendix Connector

Bendix Connector

Bendix Connector

Cannon Connector

Viking PC edge connector
Resistor
Resistor

Bourns Potentiometer (5K )

J-B-T Switch

Grayhill Switch

ALCO Switch
Banana jacks

Dialco Lamp holder
Knobs

NOSC Frame

Fable 2. Control panet parts list.




Frigure 6 Card cage




ltem

CG-J1
CG-J2
CG-J3
CG-J4
X1-X§

Quanrtity

Part Number Manufacturer Nomenclature
PTO2A-16-26S (SR) Bendix Connector
MS3112E14-19SW Bendix Connector
PTO2E-14-185W (SR) Bendix Conpector
PTO2A-1%-3128 (SR) Bendix Connector
0005261 NOSC Connector
SOCNO004009-2 NOSC Card cage

Table 3. Card cage parts list,
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ltem

Cl1,C5,09.Cl10.C14
C2,.¢C7.ClL1.C17
C3.C12,CI8

C4.C13

Co,CI5

7

8. CIY

Clo

C20.021.¢22

RI.R3Y

R2, R40. RoX

R3.R4. RI4, R4, RS2
RS

Ro6

R7

RX, R13,R42 R46, R63

R9O.R21, R37.R47.R39 R7S

R10, R48

R11,R49
RI2,R13,RI5,R50, RS
Rl6

R17

RIN,R26.R50
R19, RS7

R20. RS¥

R22, R36. Ro0, R74
R23 Rol

R24.R02
R27.R32.R3I3 R34
R2X%. Ro6. R6Y
R29, R&7

R30

R31, R70.R71.R72
R35

R38. R44

R43

R4S

RS54

RSS

Rod

R635

R73

v U2 tdo. u7.us, UtL2
[SEIMELY)

U4, U10

Us. uh

Ui, uid

ul1s

Quantity Part Number, Value Manufacturer Nomenclature
S CK06 1 ut Capacitor
4 CKOS 0.082 uk Capacitor
3 CKO0o 0.33 ub Capacitor
2 Red Cap 3.3 uk ERIE Capacitor
2 CKOS 100 pF Capacitor
| CKOo6 0.1 ub Capacitor
2 CKO0o 0.22 ut Capacitor
| CKO0o 0.15 ub Capacitor
3 CKO5 0.01 ut Cuapacitor
2 RCO7 3.3K Resistor
3 RCO7 24K Resistor
N RCO7 3K Resistor
1 RCO7 1.IK Resistor
1 RCO7 2K Resistor
1 RCO7 2.2M Resistor
5 RC0O7 10K Resisto,
6 3280pP S0K Bourns Potentiometer
2 RCO7 12K Resistor
2 RCO7 110K Resistor
6 RCO7 56K Resistor
1 RCO7 91K Resistor
1 RCO7 68K Resistor
3 RCO7 30K Resistor
2 RCO7 270K Resistor
2 RCO7 100K Resistor
4 RCO7 10M Resistor
2 RCO7 470 Resistor
2 RCO7 SIK Resistor
4 RCO7 9K Resistor
3 RCO7 160K Resistor
2 RCO7 loK Resistor
1 RCO7 68K Resistor
4 RCO7 82K Resistor
! RCO7 15K Resistor
2 RCO7 S.K Resistor
1 RCQ7 24K Resistor
1 RCO7 S.M Resistor
| RC0O7 150K Resistor
1 RCO7 75K Resistor
] RCO7 18K Resistor
1 RCO7 47K Resistor
1 RCO7 6.2K Resistor
6 SN74747 Texas Instruments  Integrated circuit
2 LM208J National Integrated circuit
2 DG201IC) Signetics Integrated circuit
2 LMI10D National Integrated circuit
2 CD401 RCA Integrated circuit
! L.M309DB National Voltage regulator
1 8136-UG115 Augat Wire wrap board

Table 4. Compensation card parts list.
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ltem Quanuty Part Number, Value Manufacturer Nomenclature
4,013 2 Red cap 4.4 ut ERIE Capacitor
7 | CKOO 0.22 ut Capacitor
8 | CKOS 0.0K2 uk Capacitor
9 | (K06 0.33 ut Capacitor
RI1,R39 2 RC0O7 S.IK Resistor
R2, R40, RoS8 3 RCO7 24K Resistor
RS 1 RC0O7 3K Resistar
R10, R30, R4~ 3 RCU7 24K Resistar
RiT,R3, RI9 RoY 4 RCO7 100K Resistar
R12, RI3, RIS R33 R34 10 RCO7 SIK Resistor
RI4, R35 RS2 3 RC0O7 6.2K Resistor
R16,R19, R34, RA7 4 RCO7 200K Resistor
R26, R27 2 RCO7 ISk Resistor
R43 I RCO7 10K Resistor
Ro4. RoS 2 RCO7 20K Resistor

Table 5. S-inch plattorm compensation card component changes.

2. Demodulator Card

The demodulator card is shown i figure 11, In the card’s initial fabrication. dual
in-line integrated circuits and discrete components were used. However, Honeywell now
has a hybrid package availuble. as shown in figure [ 1. The unit is a quadrature demodulator.
It provides the necessary signal conditioning for the MHD rate sensor in the feedback loop
that will be discussed in the clectronics section. The demodulator card is inserted into the
second slot provided in the card cage (X2). Figure 12 is a schematic of the demodulator:
figure 13 is the interconnection disgram: und tuble 6 is the parts list.

3. MHD Driver Card

The MHD driver curd is shown in figure 14. (The MHD driver is the source of power
for the MHD.) The MHD driver card provides two-phase, 400-hertz. 26-volt ris power to
drive the MHD rotor. The driver is an integrated circuit servoamplifier fabricated by Inland
Motors Inc. The GYRO switch on the control panel provides +28 Vdce to power this servo-
amplifier. Dual in-line integrated circuits and discrete components torm the 400-herts gen-
erator that drives the servoamplificr. The MHD driver card is inserted in the third slot pro-
vided in the card cage (X3). Figure 15 is a schematic drawing ot the MHD driver. and table
7 is the parts list. Figure 16 is an interconnection diagram o the MHD driver.

4. Servoamplifier Card

The servoamplifier card is shown in figure 17. This card is only used with the S-inch
antenna platform. The current drivers (see next section) are not used for the S-inch magnetic
particle clutch/motor-driven antenna platform. The servoamplifier card is used to drive the
magnetic particle clutches, power for which is provided by a 28-volt motor. This 28-volt

4
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ltem

CHC2, 03,05 Co, 07
C4.CR. (0. CLU, CT
R1

R2.R3

R4

Tuble 7.

Quantity Part Number, Value Manufacturer
0 CKOo O uk
S CKOo6 1.0 ub
l RCO7 RIUN
2 RCO7 SIK
! RC0O7 25K (select)
| RC0O7 200
2 RCO7 10K
1 12w s
1 O6ESSCT Abbott
| XR-2206 R-OHM Corp
1 74747 Texas instrument
1 EMI18OI Inland
1 SO1801 Inland

MHD driver card parts list.

Nomenclature

Capacitor
Capacitor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Transformer
IC. function gen
IC. op amp
1C. servoamp
IC socket
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power is controlled by the torque motor switch on the control panel. The electromie design
tor this card will not be discussed in the electronivs section, since the mam obpective of this
document is to discuss the 10-inch antenna plattorm. However, it is important to note that
this card cage is universal tor the two plattorms, and that the necessaiy component chunges
for operation ot the S-inch antenna platform are pointed out in the tormer electrical design
sections (the compensation card only). The servoamplifier card is inserted in the fourth slot
of the card cage (X4). Figure 18 is a schematic of the servoamplifier card and table ¥ is the
parts list.

5. Current Drivers

Figure 19 shows the inner and outer gimbal current drivers for the torque motors of
the 10-tnch antenna plattorm. The TORQUE switch on the control panel places +2& Vdce
on the current drivers to activate them. The current drivers are mounted on a plate attached
to the outside of the card cage. An extender card and cuble are used to provide a wiring har-
ness from the fitth slot ot the card cage (XS5) to the current drivers. Note thut the current
drivers are current-limited to protect the torque motors as well as the current drivers them-
selves. The current-limiting resistor (R ) is determined by the equation

5

Re= lep —04

CL ‘

where 1o is the limiting current. The current drivers are integrated-circuit servoamplifiers
fubricated by Inland. They are mounted by means of sockets and attached to heut sinks tor
casy replacement. Figure 20 is a simplitied schematic: table 9 is the parts list: and figure 21
shows current driver interconnections.

D. 10-inch ANTENNA PLATFORM

Figure 22 shows the 10-inch antenna platform. The primary design features of the
plattorm are the adaptability to other antennas, the lurge volume and weight capability. and
the low-cost design. The modular construction technique of the platform allows adaptation
to a variety of antennas without complete redesign. The plattorm is a bail-ring concept with
a high torque-to-inertia design, The bail-ring concept allows large load volume on the gim-
bals. A roller suspension system is used to hold the bail ring. This concept keeps the costs
of production down. Torque motors were used tor the inner and outer gimbal drives to
achieve a high torque-to-inertia ratio at a low cost. This high torque-to-inertia concept also
reduces costs by eliminating the requirement of designing balanced loads. Conductive
plastic potentiometers were used because ot their superior durability. The Honevwell MHD
rate sensor is used ftor track-loop stabilization. The MHD is a new-concept. subminiature,
high-pertormance. two-axis rate sensor specifically designed for large-volume producibility.
It has been qualitied to environmental requirements of MIL-STD-810B for gyros installed in
fixed-wing aircratt, helicopters, and missiles. 1t is ideally suited for tactical missile seeker
head stabilization. Figure 23 is the plattorm wiring diagram and table 10 is the parts list
(which includes only the clectronics). A limited set of drawings is provided below in the
mechanical drawings section.

The antenna was designed and tabricated by AITL. Deer Park, Long Island. New York.
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ltem

R1.R2,RI0O,RI1, RI17,
RI8. R26. R27

R3 RIY

R4, R12,R13 R20, R28
R29

R3S RI4.R2ILLR3O
Ro. RIS R22R3Y
R7.Rl16,R23 R32
R8, R24

RY.R2S
CLC2.C4.C5. T
Cs.C10.C11
C3. Co (0. Cl2
Cl3.CH4

CRI1 through CR¥
Q1.Q3.0Q5.Q7
02.04.00.Q8

11 through H4

U1 through U4

Quantity Part Number, Value Manufuacturer Nomendbiture
b 39 VK 01w, 17 Resistor
2 205K O IW 1 Resistor
0 124K UIW 17 Resistor
4 RCO7 100 Resistor
4 RCO7 2K Resistor
4 REOGSNSROOE 5. 10W Resistor
2 453K 00w, 177 Resistor
2 21 UK (S Resistor
N CKO> 560 pl Capacitor
4 CKOS 001 F Capacitor
2 CS13 0 22 uk 35vo107 Capavitor
S IN 3600 Diode
4 INT7 L Transistos
4 IN3716 Transistor
4 61058 Themalloy Heat sink
4 LATOS Signetics Integrated circunt

Table 8. Servoamplifier parts list.
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O
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] oL 0
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2w

Figure 20. Current driver servoumplifier simplified schematic. outer and inner gimbal.

[tem Quantity Part Number, Value Manufacturer Nomenclature
R1,R2 4 1. 2W 510 Resistor
R3 1 W 08 Resistor, OG
R3 1 W Resistor, 1G
HSI 2 HS1801 Inland Heat sink
Ul 2 EM1802 Inland IC. servoamp
1 4094 Augat *Vector board
2 SO1801 Inland 1C socket

*Vector hoard used as extender and cable connector.
NOTE: Parts list applies only to one current driver.

Table 9. Current driver parts list (outer and inner).
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ltem Quantity Part Number Manutacturer Nomenclature

G-Pl 1 PTO2SE-20-308Y Bendix Connector

MED l GG2300LC03 Honeywell Rate sensor (MHD)
Tl 1 DPH3320-A-17 Clifton Torque motor

12 1 DPH1990-8-2T Clitton Torque motor

R1 1 3571S8-1-502 Bourns Potentiometer (5K)
R2 I RSE1C502 New England Potentiometer (5K)

Instiuments
I E001-01-040 AlL Antenna/processor

Table 10. 10-inch antenna platform parts list (electronics only).

E. 5-inch ANTENNA PLATFORM

Figure 24 shows the Hughes antenna platform. which is incfuded here tor
documentation purposes only. The platform is a bail ring concept with magnetic particle
clutch servos to drive cach gimbal., Permanent magnet de¢ motors provide the mechanical
power input to the clutches. The plattorm has inner and outer gimbals for positioning, and
an MHD rate sensor tor truck loop feedback stabilization. Figure 25 is the platform wiring
diagram.

. ELECTRONIC DESIGN

The electronic design section illustrates the derivation of the compensation and
teedback networks. (The compensation transter tunctions are derived in reference 1.) This
section also shows how to match the electronics to the above transfer tunctions. The torque
motors, gear ratios, and inertial load factor are not covered in this section because these are 1
considered fixed in determining the compensation transter functions (see reference 1).

A. SLAVE LOOP

A slave loop is implemented about each gimbal by utilizing feedback trom a gimbal-
driven potentiometer. The slave servosystem has the function of pointing the antenna
toward the target prior to activation of the target-tracking system. The slave loop commands
are originated by an outside source in gimbal coordinates. Figure 26 illustrates the slave loop
block diagram. The motor/amplitier/load is derived in reference 1 and is considered as given.
The compensation required to close the slave loop is discussed in this section. Figure 27 is a
simplified schematic ot the slave loop compensation and table 11 presents component values.
A boresight adjustment is located in the compensation card to permit zeroing the antenna
platform at boresight.
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Inner Outen

Components tnner Gunbal Other Gumbal
Rod R0 18K 0K
Ros R27 47K RN
Roo R2S 16UK loUK
Ro7 R29 loK lokK
Ro8 R30 24K O8K
Rou R LoUK K2K
R70 R32 N2K 39K
R™1 R33 52K UK
R72 R N 33K
R™3 R3S 6.2K 15K
R™4 Rio TOM 1OM
R™s R37 SOK pot SOK pot
Clo C7 015 ut 0. 1x2 ut
178 (LON2 ul 022 ul
CIN Y 0.33 pl 1.0 pt

[able 1. Slave loop compensation component values.

1. Slave Command

. . A v . . . <

Slave command gain (K 3) was determined by assuming a signal input of range 3
volts for £45-degree movement of the inner and outer gimbals. Thus the inner und outer
slow-position gain (Kgp) is caleulated as tollows:

KSl’ = —= = 0637 volts radian.
h .

Reterring to tigure 27, we can see iitat the slave command gain (K;) is calculated as tollows:

Kl‘sz‘-ll(l‘l'l o gimbal
3Rt volts volt touter gimbal)
1 - Roo ol valt (inner wimb:

I\3 R6s 340 volts 'volt Gnner gimbal ),

The inner and outer gimbal gains difter because the gains in the respective slave loops ditfer.

Total slave command gain is the product of the two gains (ie. KgpK 3.




2. Feedback

The outer gimbal teedback potentiometer is ot the three-turn type. A 30-volt
potential is placed across the potentiometer: thus the potentiometer gain (Kp) cun be cal-
culated as tollows:

. 30
l\p = op = 159 volts’radian (outer gimbal).

The ratio (NI ) of the outer gimbal movement with respect to the potentiometeris 8.5:1.
The imner gimbal teedback potentiometer is ot the single-turn type. A 30-volt

potential is also placed across this potentiometer: thus the potentiometer gain (KpJ can be

calculated as tollows:

‘o

) Kl S .
l\p T 57 = 7% volts radian (inner gimbal).

=

to

The ratio (ND) of the inner gimbal movement with respect to the potentiometer is 3.0: 1.
Retferring to figure 27, we cun see that the feedback gain K} can be calculated as

tollows:

. R2X R :
l\}l. = Roo = 533 volts volt touter gimbaly
N -0

. R66 . .
K, = Ro3 = B-89volts volt (inner gimbal).

Total teedback gamn s the product of the three gains (ie, KliNpr). [For feedback gain in
reterence Tk the tollowmg relationships apply

K,

Kp 7 77 = 1.30 volts volt (outer gimbab)
|\2
K,

K = — = 2.0l volts volt tinner gimbab).
Ky

Note: The potentiometers used were of the high-precision, conductive plastic type because
Iigh teedback gam amplities the crossover of the wirewound tvpe.
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3. Compensation

A lead-lug compensation network was necessary o provide the required stability .
The transter tunction tor the slave loop compensation, per reference 1as as follows:

KE(TwS+]NTLS+])

S+ hir S+ 1)
>

b
D

(T;S+Ii(r

. . ) . 2 ] !
The caleulations of the compensation gain (K31 and the time constants (75,75, 73,73, und
Te,) tor both the inner and outer gimbals are shown in table 120 Note that for the compen-
sation gain in reterence k) the tollowing relationships apply:

K, = K,l S 3 00 volts volt touter gimbaly

. . .
K, = l\;I\: = 349 volts volt anner imbaly
A

K;<T,S+lnrls+1)

(T,S+lnrls+lnr S+1)
3 3 O

B. TRACK LOOP

There are two loops involved in the tracking loop: the tracking loop itselt und the
stabifization loop. The tracking joop is closed by means of the reception of an emitting
radar signal (via the antenna). which is processed to develop a linc-ot=sight rate (o) that is
seroed to allow automatic target tracking. The stabilization loop is provided as an inner
loop in the tracking servosystem and is closed by means ot the two-axis MHD rate sensor.
This implementation causes the trucking loop error signals to be a measure of the inner and
outer gimbal fline-of=sight rates in inertially referenced coordinates. Figure 28 shows the
truck loop biock diagram.

1. Compensation

Compensation consists of a processor filter. error rate summer, and compensation
tilter. Figure 29 is a simplified schematic of the compensation filter. and table 13 presents
the component values, The error/rate summer has a balance adjust to obtain the proper bal-
ance between track error and rate feedback (stabilization). There is also a boresight adjust
in the compensation filter to zero the track error output to the antenna platform. A switch
around the integrator of the compensation filter is used to discharge the integrator when in
sluve mode. Otherwise, in switching from slave to track. the charged capacitor would cause
an instant jump,

65




-~

Outer Gambal.

A Aat 3-
[ NI - !(—M = (1L.X80) volt volt
3 R3!
T (R3O + RICS = Q0195 second
i i R33+ R34 . ~
T, R3% 4 0 CY = 0.0195 second
T (R3OS = 0.0015 second
! - .
T, - {R33)CY = .001S second
T, (R251C7 = 0.029 second

lnner Cambal,

T = 1025 volis volt
Ty (RoN + Ry (17 = 0.0151 second
TE = RT3 Rl+—4l{“3’ C18 = 0.0156 second
ry o~ Ros (17 = 0.00197 second
T l‘ = R73CI~ = (.00205 second
T, Roe Lo = 0.024 secand.

Tabie 120 Shive compensdtion
tlter calculations,
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Outer/Inner

Components QOuter Gimbal Inner Gimbal
R1/R39 33K 33K
R2/R40 24K 24K
R3/R41 3K 3K
R4/R42 3K 10K
RS/R43 1.1K 24K
R6/R44 2K 5.1K
R7/R4S 2.2M 5.1M
R8/R46 10K 10K
RY/R47 50K pot 50K pot
R10/R48 12K 12K
R11/R49 110K 110K
RI2/R50 S6K 56K
R13/R51 56K S6K
RI14/R52 3K 3K
RI5/RS3 56K 56K
R16/RS4 91K 150K
R17/RSS 68K 75K
RI8/R5H 30K 30K
RI9/R57 270K 270K
R20/R58 100K 100K
R21/R59 50K pot SOK pot
R21/R59 50K pot S0K pot
R22/R60 10M 10M
R23/Ré61 470 470
R24/Re62 51K 51K
R25/R63 10K 10K
C1/C10 1.0 uF 1.0 uk
C2/Ci1 0.082 uF 0.082 ut
C3/C13 33uF 3.3uF
Cs/Cl4 1.0 uF 1.0 uF
C6/C15 100 pF 100 pF

Table 13. Track loop compensation component values.




4. PROCESSOR FILTER. The processor filter is used to smooth the signal output
of the video processor. The transter function to be obtained, per reterence 1, 1s as follows:
K4KS
T7S+ 1
The processor gain (K4) in both outer and inner gimbal drive is 7.0, as predetermined by

design of the processor network (if processor). This means that the processor filter gain (Kg)
must be designed for 7.3 calculated as tollows:

=

Y

K5 [ = 7.3 volts/volt (outer gimbal)

=

R40 _ _ . Con
R39 - 7.3 volts/volt (inner gimbal).

t

K4

The processor filter time constant (r.,) is calculated as follows:

74 = RIxCl = 0.024 second (outer gimbal)

T4 R40 x C10 = 0.024 second tinner gimbaly.

b. ERROR/RATE SUMMER. The error/rate summer sums the track error and
rate (stabilization) signals and balances them. To accomplish this, it was necessary to cal-

culate the following gains.

Outer Gimbual.

RS

Ké = &% = 9.00 volts/volt
RS

K} = 7 = 333 volts/volt.

Inner Gimbal.

: R46
“ Ké = R43 = 4,17 volts/volt
| _ Rdo _
K: = R4 1.00 volt/volt.

Kl, is the rate gain (demodulator gain) and Ké is the error gain (processor gain).
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¢. COMPENSATION FILTER. A lead-lag compensation network was necessary
to provide the required stability. The transfer function for the track-loop compensation
filter, per reference 1, is as follows:

K3(r,S+1 )(ris+1)(r58+1)

S(r4S+ D(riS+D(rgS+1)

The calculations of the compensation filter gain (K3) and the time constants (r,, T3

,and 7 ) for both the inner and outer gimbals are shown in table 14. The last stage of
tge compensatlon filter is an integration and translates to gain included in K3 [integrator
gain = 1/R20CS (outer gimbal) and 1/RS8C14 (inner gimbal)}.

2. Magnetohydrodynamic Rate Sensor (MHD)

A Minneapolis-Honeywell MHD two-axis rate sensor (GG2500) is used as the stable
platform inertial reference. This single instrument closes both inner and outer gimbal stabili-
zation loops. Figure 30 shows the MHD. This small, compact inertial rate measuring device
makes it practical to fabricate small radar seekers.

The MHD rate sensor is an angular accelerometer with a liquid metal proof mass.
Motion of the proof mass relative to the case is *‘magnetohydrodynamically” sensed to mea-
sure angular acceleration. The accelerometer case is rotated about an axis normal to the
sense axis by a small hysteresis-type ac motor; this results in an ac output of the accelerom-
eter where magnitude is proportional to the polar angular rate, and whose phase is a measure
of the direction of the polar vector in the rotation plane, A reference generator is provided
on the rotation axis whose output is a two-phase ac voltage synchronous with the accelerom-
eter ac output. The two-phase reterence generator outputs are used as switching reference
voltages for two-phase detectors which convert the ac polar rate measurement into dc volt-
ages which are proportional to the inner and outer gimbal components of the polar rate.

The accelerometer output is a sinewave-modulated ac carrier frequency of 200 Hertz where
the modulation contains the polar rate information. The gain of the MHD (KMHI)) 1s
0.8595 volt rmsiradian/second.

3. Demodulator

Dual in-line integrated circuits and discrete components were used for the
demodulator when it was first fabricated. Subsequently, Honeywell developed a hybnid
package (1030AD06) which is now incorporated into the electronics. The demodutator has
quadratureswitched phase detectors which extract quadrature components ot the modula-
tion to derive dc signals proportional to the inner and outer gimbal rates. The MHD reference
generator provides the switching voltages for the two-phase detectors. The d. conversion
requires a low-pass filter following the phase detectors to attenuate the carrier frequency
ripple. This filter determines the maximum bandwidth achievable in any stabilization loop
using this rate sensor. In this application, the filters limit the bandwidth to 20 Hertz. The
transfer function and associated gains, time constants, and damping factors are shown in
table 15. For purposes of displaying the derivation of these values, the demodulator is
divided into three phases: 200-Hertz bandpass filter, phase detectors/filter, and third-order
filter.
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Quter Guubal.

Inner

3

= Rw("

KR R0 s

= (R, *Rm)('3

+ RM(‘3

4

= Ry +Ryy)Cy
Gimbal

_ (RS0 + RS1)RS?

R49RS4RSKC 14

tR49 + Rax) 11

RSO + RS

53¢ 12
n + R52C12

R48C11
R32C12
RS6(13

(RS6 ¢+ R57)C13

(RS6+R57)C13

i

30.2 volts/volt

0.0100 second

0.0102 second

0.000984 second

0.000990 second

0.0990 second

0990 second

18.3 volts/volt

0.0100 second

0.0102 second

0.000984 second

0.000990 second

0.0990 second

0.990 second

0.990 sccond

Table 14. Track compensation
filter calculations,
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Dipare 300 Magnetohydiody nannie vate sensor (M)
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KmnpRD1KpoKpsS
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(r_“S T STt MATgAS T DTSt Nilrgg=S-+ 2bgTapSe
where

LSV 0.8593 Vim rad. s (MHD gam)

s

Kpyj =1 x107 Vims Yims (200-H7 bandpass filter gam)
Kiy» = 450 \’nvg’V‘n“(!'cu)fm Ram)

Kiys = 1.00 Vd‘/‘vavg (third-order filter gain)

TE = () QUION second (third-order tilter time constant)

IR = (LOO10S second (third-order filter time constant)

T = (.000213 second (tull-wave recttier tune constant)

1A = 0.000760 second (200-Hz bandpass filter time constant)
S U U3 tthird-ordes filter damping factor)

S o I 00 €200-Hz bandpass tilter damping factor)

Lable 15 Demodulator transter tunction and values.

a.  00-HERTZ BANDPASS FILTER. The 200-Hz bandpass filter is used to pass
the 200-Hz signal received from the MHD und attenuate all other frequencies. Figure 31 1s
o simplitied schematic taken from reference 2. which indicates how to derive its transter
tunction. The component values are shown in table 16 the transter function and calculations
of the gain (Kpy). the time constant (74 4 ). and the damping factor €6 49 table 17.

b.  PHASE DETECTORS/FILTER. The phase detectors produce the quadruplexing
action necessary to decipher the incoming 200-Hz signal. A 400-Hz reference is generated by
the MHD und s transformed to a 400-Hz square wave. This square wave is used 1o switch the
phase detectors that separate the inner gimbal motion from the outer gimbal motion that re-
sults from the incoming 200-Hz signal. The two-phase detectors are tied in tandem. The
filter tollowing the phase detectors attenuates the switching ripple. A simplified schematic
of the phase detectors/filter is shown in figure 32. The component values are shown in table
IX. The transter function and caleulations of the gain (Kp~) and the time constant (74 are
shown 1n table 19,

Al . . . . .
=Stout, DS and M. Kautman Handbook of Operational Amplitier Circuit Design. McGraw-

Hill. Inc. 1970, p 10-8
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INPUT V¢ O——- Z,

23 Z,
A Ry ' Pg
Yo R . =
ALZZ
\_/_v_ v,“3%
Vg 2,02,42,0 2,00 2122'2124“'Av0’
Z‘ RE:
, 1
2 €S
23 RB
Z i
4 R,CgS + 1
fagure 31, 200-H/ bandpass filter schematic.
RS 162K
RO SEIK
R7 6K
R¥ 215K
RY 46.4K
7 001 uF
8 4700 p¥
9 100 pF

Table 16. 200-Hz bandpass filter component values.
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—‘,——‘
J"A+SB +
KDI =111 X 10 vrms/vrms T R TR
S 6
R.R, R,C,C
A =577x1077 - %ﬁﬂ
S 6
B = 152% 103 = R5R6R7C8 + R6R7(‘8 + RbR7(‘7 t (1 - A IRGR,C,
o
Roots
2, : - 7 .
(T4AS) + -bAT4AS+ ] T4a = 0.00076 second
ba =10

Gain at 200 Hz =0.73.

Table 17. 200-Hz bandpass filter calculations.

I ICIO/CIG
R10/R23"* R11/R24 R12/R2%
J\N\,—-—-ﬁ

200-Hz SIGNAL =——@——-AAN, > ~N N\~

R13/R26

400-Hz
SQUARE ¢
WAVE
REF

R14/R27

R15/R28
e A A A/

R17/R30

*R{OUTER)/R(INNER)
R18/R31

Figure 32. Phase detectors/filter schematic.
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Outer ' lnner

Component

RO, R23 6.34K
R11-R24 6.34K

R12 R2S 65K (select)
RI3'R20 10K
RI4R27 10K
RIS/R2¥ 39.2K (selec
RI6/R20 6.34K
R17'R30 374K

RIX R So.2K
CloClo 3300 pF

Outer Cambal

D2-

K'oo-

D2+

Kp»

Tan

tnner Gimbal.

n2
D2+

Ki

4D

Outer Gunbal

Tuble 18 Phase detectorns filte

RiZ
R10 + R11

(RI7 + RISI(RIT + R12)
RIT(RIS + Rlo+ RI7 + RIK

L 0.636

P2

0.707

[

Ri2C10

R2S
RM3+ R24

(R3O + R3T){R24 + R2S) .
R24(R2¥ + R29 4+ R30 + R31)

I)l 0636 »
D2+ 0707 -
R25C 16 =

Table 19. Phase detectors/filter calculations.

7%

Inner Gunbal

6.34K

6.34K

65K (select)
10K

10K

392K (select)
6.34K

174K

S6.2K

1)

3300 pt

r component values.

I\ N7 - > hoalt v le
SOT Vs Vi (negative halfeyde gain)

SOTV 'V

Y asitive halt-cycle gain
s rm, posit halt-cycle g

456V \%

GVE s

0.000214 second .

S07V 1

. (negative half-cyele gan)

1ms

STV

s \’nns (positive halt<cycele gain)

S /
450 V.Wg‘ V ms

0.000214 second




¢.  THIRD-ORDER FILTER. The third-order filter is a low-pass filter that follows
the phase detector/filter used to attenuate the carrier frequency ripple. This filter determines
the maxamum baniwidth  Figure 331s a simphfied schematic of the third-order filter. The
component values are shown 1n table 20 and the transfer function and calculations (r4g and

r4¢) and damping factor (6g) 1n table 21 The equation for the transfer function was obtained
from reference 3

4 APPROXIMATED MHD/DEMODULATOR TRANSFER FUNCTION

Forez of implementing on the computer, reference 1 used the following transfer
function to approximate the MHD/demodulator circuits:

KMHDK?
3
(14S+ 1)

The same transfer function and the following data apply for both inner and outer
gimbal electronics. The MHD gain (Kyyyp) is 0.8595 volt rms/radian/second. The demodu-
lator gain (K~)1s 3.33 volts dc volts mms. Kq is equivalent to Ky KpsKp3 of the calculated
transfer function. A time constant of 0.001% second (14) was calculated as an approximation
of the MHD demodulator circuits

IV. MECHANICAL DRAWINGS

It 1s recognized that the drawings in this section are not comprehensive. however. 1t
1s behieved that they are complete enough to aid in analysis of the servo platform system.

Figure 34 1s an outhne drawing of the control panel. The control panel 1s made ot
sheetmetal

The last figures n this document are the mechanical drawings of the plattorm and
the associated mountings to the platform. Figure 35 shows the mounting of the bail ning to
the base. Figure 36 shows the base mount dimensions. Figure 37 shows the bail ning and
beanings. Figure 38 shows the roller and spacer used to hold the bail ring. Figure 39 shows
the inner motor mount. Figure 40 shows the inner potentiometer mount. Figure 41 shows
the outer potentiometer mount.

3Mlllmun. Jacob. and C € Halkias, Integrated Flectronics  Analog and Digital Circuits and
Systems, McGraw-Hill, Inc 1972 p §52
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< bFigure 33 Third-order filter schematic.
: Outer Inne 1
Components Outer Gunbal Inner Gimbul i
R0 R33 100K 100K
R2I R34 100K 100K
R22 R3S 100K 100K ]
o
C120108 0022 ut 0.022 uk
, (13O 0.047 ut 0047 uF
‘ (1420 3300 pt 3300 pF

Table 20 Third-order tilter component values.
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Kp3
T
SPA+STBHSCH I

Inner Gimbal Quter Gimbal
K3 = €40 aCaR’ R 4R3 CiyCraC D RLR, R
A D3 7 Gighiol 2oR33R3IRIs 120030 14R0R
4 B = CgCiglapR33 + Ry CraCiaCratRyp * Ryy)
-» tCgCooR3 R+ Rag) * CaC 4Ry Ry +Ryy)
¢ = CygR33*+ Cop(R33+ Ry + Ryq) C1aRag tC4(Ryg + Ry + Ry5)
Solution
A = 34122 x 1079 34122 % 1079
B = 1452 X 1070 [452 X 1070
C = 319X 10-3 319 x 1073
Roots
(:'4(~S + 1 174335 + :ISBT-‘BS + 1) T_“- = (LO030N second

7ag = 000105 second

'&)B = (1.0 3 second.

LSV PR oy i)

Table 21. Third-order tilter calculations.
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34. Control panel outline and hinged lid (perspective ).

83
/ -
=
X ) _ L .




9]

BT

DIME L 10ONS

IN NG

o\

4 750

\\..l/
B
N\ ,
/I ~

P
D




12 MOTOR MOUNT ALUM 1
MISCELLANEOUS DOWEL - - AS
PINS, SCFIEWS, WASHERS NI-CESSARY
1 SPACER -- 1
10 OILITE BUSHING - - 6
Y BALL BEARING -- 4
8 SHAFT 2
7 SHAFT 1
& | PINION 1
@ 5 ROLLER CRES 2
= 4 BEARING MOUNT CRS 4
3 gAall RING ALUM 1
'\@ 2 SIDE PLATE ALUM 2
1 BODY ALUM 1
DET DESCRIPTION MAT'L QTy
Figure 35. Platform drawing sheer 10 bail ring mounting,
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Figure 41. Platform drawing sheet 7: outer potentiometer mount.
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