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1. INTRODUCTION

This document provides data for the servoelectronics system used to drive an antenna
platform for 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, a limited set of
mechanical 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) and 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.

1I. 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 easily 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. It 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 I 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 tile flight programmer (video processor signals).

I NOS( IR 527. Iligh Torque-to-lnertia Scrvo System for Stabilizing Sensor Systems. by

F. I). (Groutage. 180.
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Itemn Quantity Patrt Number Manufacturer Nomenclature

('B-PI I PTObA-I 8-32P (SR) Berndix Connector

CB-P2 I MS31 16E 14-19SW Bendix Connector

CB-P3 I PTO6F- 14-18SW (SR) Bendix Connector

CB-P4 I MS3106R16-1 IS (C) Cannon Connector

CG-Pl I PTO6A- 16-26S (SR) Bendix Connector

CG-P2 I MS3I 16EI14-19SW Bendix Connector

CG-P3 I PT0bF- 14-18SW (SR) Bendix Connector

CG-P4 I PTO6A- 18-32S (SR) Bendix Connector

G-PI I PTO6SL-20-3')PY Bendix Connector

Table 1. Wiring harness parts list.
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11we control panel has several modes of' oeratlion. In I lie ITFS'l mode, signals cali he
injected it) drive tile inner and outer gimibal. 'I "o0 lights are provided to Indicate that the in-
pIt jacks for signal Inject ion are activated t"Or the in ner andi on ter ginmbals. When the 'I RAC K
SLAVEI- switch is in tie SLAVE posit ion, lie 'Ill mnode permits the injection oft an inner
and or ouit r gimibal slawe cointd to slow tile antenna platform . It the -1 RAC K SLAVI:
switchi is inl the [RACK position. thle lEST mode permlits tile Injection of an inner anti outer
ginubal rate signal to Coilt rol the pointing of' the a ntenna platflorm . When ( lie s~ stem is in
IR..\(K. thle I[RACK SLAVI. light is, ictivated.

[in SLAVU miode. only skise commands Can be givenl andi thle position potentiometers
prOVIde thle Wiot age to slew Ind posit ion thle inner and outer gimbal.

[in tie I RA(K miode, rate sign als are provided by' tilie gUidance system i puits only.
W1ien in either [RAC K or SI .. V I mode, the 1IRAC'K SIA\[ sskitch is, oserridden.

lII thle ('A(; i- ode, the Inner and outer gimbhals ire positioned to look forskardl or in
aI /ero position.

Th'le dligital1 wolt mter wkill clieck [lie tollo%% rug %olliages. 5 \'dc. 15 \'dc. and 2,1 Vdc
No phiwer is, applied it) thie sersoelectronics, Until thle po\%er ss" itch Is onl. which IN indicated

a light. -Thle torqUer and gN ro( N%% itcheIIs apply 'IS \dc to fle Current d ris ers and tilie \1 Ill)
dimer. respectis ely , as, Indicated b\ Their respctse lightis. [ lie control panel parts list I.
shown in table 2.

C. CARD CAGL

I i.ULre 0 hsli)s s the icCard Cige Iul a \JSsembled ICt . [lie card ca.ge is, tie housig And
interlace wiring tor tile compensa t ion card. demiodulaitor .ard . \11ll) d ris er Card, and tile
inirt- and outer iuiuibal crirreri! dris cr I ie &aid aLC Is %%I red toW opeqiCti~ll 11 Mt-i1c1 A.1iuIrin.i
platform I rue motor piationill as %vll as the Ilughes \1ncrait ( oiiipan\ 5'-inch .Iiitna
platformo it aJgnetc part li clii. 1111 111oto1 platturiri1 Ie .id .iic sM(I Jili- rip I prririt
quick anid eas\ isnrh . mroditi..itioir. '111d1 .Idditiuir ot test polits to tewr rolW panel \11
c\ tender card %k I, Libric itckl toI enable)I o11-line1 tstlr M2 ab 11.. slio%s Ilt. ie t.ir-.'~ 1.ie paNt ist
anid ticutre - is, the c ird-..ac %k iring diacri 1. -\ bus sy~l %tei 1, as1 )110 r aro~ted sluIII au .. itittiA

groundt LI hee It c o e Il I1ira Ite SIg.L1 .urnd grouirdirig probltrrins.

Thle card Cage anld its, IsSOCIAitd electronic,, call be signiil intly reduced inI si/c and
weight in a redesigni to package tor missile applicaitions.

I . Compensation Card

Figure X shiows', the Compensation card, which pros ides tile neccessary Comlpenrsatioin
req nired f'or the slave and track loops of tire se rso loop that s% Ill be dliscuissed Inl tie le-
tronlics design secio.1 ie Cornperisat ion Card is inserted in to tile first slot pros idedI
(nearest to connectors, in thle card Cage (XI I. Figure 1) is tilie iLl111ISMl piatinCard schema t i11
and table 4 is the parts list. Tiie Compensation card] irnterconinect diagrati Is shown In fig-
Lire I10. Thle compensat ion card is m ade etiirely f'roml dlJ int-I ine in tegra ted circhits anid
discrete Components.

This is I lie only card that req Uires component changes to d rise tlie 5 -itich iagne tic.
particle cIlutch motor-d riven antenna platformn. Table 5 shows the necessary comiponrent
changes.

The switches in figure 9)tW4 andi 10(i are drawn to represent 1IRAC K mode. If a
high input is placed on the TRACK/SLAVI Iinput (PI1 I t. this activates the switches, places
the card in the SLAVE mode. atid discharges the capacitors of' the initegrators Wl.3 arid 1,19).[

15



Item Quantity Part Number Manufacturer Nomenclature

l)M-I I )100.-4B IA Date I Digital voltmeter
(B-I. CB-2 2 NS3320-1 Circuit breaker (IA)
'B-3. (B4 2 MS2,574-3 Circuit breaker (3A)

('H-5 I S3320-5 Circuit breaker (5A)
K I -K I I I I J-I)4A4X)8X Leach Relay

I I 5074758 Dialco Lamp (6V)
I 2-I # 3q Dialco Lamp (28V)
J I Pl O2A-18-32S (SR) Bendix Connector
2 NIS3 112I 114-IQW Bendix Connector

J3 PTO21- 14-1 PW Bendix Connector
J4 I %IS3 I02A l6-I1 P Cannon Connector
] I 3VN3IJ N5 Viking PC edge connector

R I I I4W I OOK Resistor
R2 1 4W 1 K Resistor
R3. R4 2 3543S-1-502 Bourns Potentiometer (5K)
S I. 53. S4. Si 4 i1-123 J-B-T Switch

h2. 2 439 Grayhfill Switch
S; I NI I l 300 ALC(O Switch

Ic,,t polit". 41 Banana jacks

\1 I A , 0 50X-7545 -504 Dialco Lamnp holder
4 Knobs
I See ligille 21) NOSC Frame

I able 2. Control panel parts list.
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Item Qua,"ity Part Number Manufacturer Nomenclature

CG-J I I PTO2A-16-2oS (SR) Bendix (olnecwtr

C(;-J2 I MS3112k 14-1 QSW Bendix ('onnector

CG-J3 I PTO2E- 14-18SW (SR) lkedix ('Conector

CG-J4 I PT02 A- 1 -3 2S (SR) Bendix Connector

XI X5 5 0005261 NOSC Connector

I SO('N0004009-2 NOSC ('aid cage

Table 3. Card cage parts list.
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Item Quantity Part Number, Value Manufacturer Nomenclature

('I, ('5, , ('10. C14 5 ('K06 I P1 Capacitor
('2,C7,CI ICI7 4 ('KO5 0.O082 /A Capacitor
C3, ('12, ('CS 3 CKO6 0,33 P. Capacitor

('4, CI 3 2 Red Cap 3.3 pF ERIE ('apacitor

Co, C 15 2 ('KO5 I OU pF Capacitor

('7 I ('K06 0. 1 p1 Capacitor
('8,('19 2 CKOO 0.22 m I Capacitor

"IO I CKOO 0. 15 pl- Capacitor
('20, ('21, (22 3 CKO5 0.0 I1l ('apacitor
R I , R3,9 2 RCO7 3.3K Resistor
R2, R40. RoS 3 RCO7 24K Resistor
R3. R4. R14, R41 . R52 5 R('07 3K Resistor
R5 I R('07 I.1K Resistor
Ro I R('07 2K Resistor
R7 I RC07 2.2M Resistor
RS, RI5, R42, R40, RoS3 5 RC07 IOK Resisto.
R9. R21, R37, R47. R51). RIS,' 0 3280P 50K Bourns Potentiometer

R I0, R48 2 RC07 12K Resistor
RI I, R4) 2 R('07 II OK Resistor

R12, R13. RI5. R50, R51 0 RC07 56K Resistor
RIO I IRC07 9 1K Resistor
R 17 1 RC07 68K Resistor
RIS, R2o, RS , 3 R('07 30K Resistor
RI9. RS7 2 RC07 270K Resistor
R20. R5S 2 R('07 I OOK Resistor
R22, R3O. RO. R74 4 RC07 IONI Resistor
R23, ROI 2 R('07 470 Resistor
R24. Ro2 2 RC07 51K Resistor
R27, R32, R33, R34 4 RC)7 3')K Resistor
R2,. RO,. R0) 3 RC07 160K Resistor
R29. R07 R('07 16K Resistor
R30 I RCO7 6.8 K Resistor
R31, R70. R71. R72 4 RC07 82K Resistor
R35 I RC07 1.5 K Resistor
R38. R44 2 RC07 5.1K Resistor
R43 I RC07 2.4K Resistor
R45 R('07 5.1 N Resistor
R54 I RC07 150K Resistor
R55 I RC07 75K Resistor
R(4 I RC07 18K Resistor
RO5 I RC07 47K Resistor
R73 I RC07 6.2K Resistor
tI1. U2, U(O. U7, US. U 12 6 SN74747 Texas Instruntents Integrated circuit
U3. U9 2 LM208J National Integrated circuit
114, lIt0 2 I)(;20ICJ Signetics Integrated circuit
t5 111 I 2 LM I 101) National Integrated circuit

U13. U14 2 CI)401 I RCA Integrated circuit
S15 1 iLM309)B National Voltage regulator

I 8136-UG 115 Augat Wire wrap board

Table 4. Compensation card parts list.
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hen Quantity Part Number, Value Man ufacturer Nomenclature

(4. (1S 3 Red cap 4.4 pl. ['RI' Capacitor

C7. K06 0.22 t" Capacitor

(Cs I ('K05 O.0821 C (apacitor

(' I ('K0 0.33 pi ('apacitor

R I, R319 2 RC07 5. 1 K Resistor

R2, R40, R68 .3 R(07 2.4K Resistor

R5 1 R('07 3K Resistor

R 10, R30. R4N .' RC07 24K Resistor

RI I 1, 31, R4). Ro )  4 RCU7 I 00K Resistor

RI 2, RI 3, R I S. R33., R134 10 R(07 51K Resisaor

R14, R35, R52 3 R(07 (u.2K Resistor

RIO, RIQ, R54, R;7 4 R(07 200K Resistor

Ru, R27 2 RC07 ISK Resistor

R43 I RC(07 IOK Resistor

Ro4. RO5 2 R(07 20K Resistor

Table 5. 5-inch platform compensation card component changes.

2. Demodulator Card

The demodulator card is shown in figure I I . In the card's initial fabrication, dual
in-line integrated circuits and discrete components were used. However. Honeywell now
has a hybrid package available, as shown in figure II . The unit is a quadrature demodulator.
It provides the necessary signal conditioning for the M1lD rate sensor in the feedback loop
that will be discussed ill the electronics 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 diagram: and table 6 is the parts list.

3. MHD Driver Card

The MUD driver card is shown in figure 14. (The MUD driver is the source of power
for the MHD.) The Mill) driver card provides two-phase, 400-hertz. 26-volt rms power to
drive the MIUD rotor. The driver is an integrated circuit servoamplifier fabricated by Inland
Motors Inc. The GYRO switch on the control panel provides +28 Vdc to power this servo-
amplifier. Dual in-line integrated circuits and discrete components form the 400-hert, pen-
erator that drives the servoamplifier. The MHD driver card is inserted in the third slot pro-
vided in the card cage (X3). Figure 15 is a schematic drawing of the MIlD 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 5-inch
antenna platform. The current drivers (see next section) are not used for the 5-inch magnetic
particle clutch/motor-driven antenna platform. The servoamplifier card is used to drive the
magnetic particle clutches, power for which is provided hy a 28-volt motor. This 28-volt
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Figurfe 13. Demodulator in terconnlection diagram.

Itemn QujantitY~ Part Number Manufacturer Nomenclature

U1l EC; 1030AD06 Honeywell Hybrid
demodulator

XPC -1 4094 ALIgat Vector board

Table 6. Demnodulator parts list.
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Item Quantity Part Number, Value Manufacturer Nomenclature

('I, "('2 , ('S , ('0, ('7 ('KOO 0. I ,ul Capacitor

('4, CS, (. CI 0, ('II 5 ('KO 1.0 p| Capacitor

R I I RC07 30K Resistor

R2. R3 2 RCO7 51K Resistor

R4 I RC07 25K (select) Resistor

R5 I RC07 200 Resistor

Ro, R7 2 RCO7 1 OK Resistor

R8 I I 2W 5 Resistor

I I I 61,55(] Abbott Transformer

I I XR-2200 R-OIIM Corp IC, function gen

2 I 74747 Texas instrument IC. op amp

13 I IM 101 Inland IC, servoamp

SI I SO 1801 Inland IC socket

Table 7. MiIl) driver card parts list.
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power is controlled by the torqie motor switch il tile control panel. I i electronic design
for this card will not be discussed in ti electronicS scction, ,ice tie ni1i1 OI cctive of, this
docLnmcnt is to discuss the IO-inch antenna plattorn. lowever. it i,, important to note that
this card cage is uniersal tor the two platforms, and that the tiliccssa:.\ ,i Upienctnt changes
for operation of' the 5-inch antenna platform are pointId out ill tile former electrical design
sectionls (the compensation card only). The servoamplifier card iS inSrted in the l'onrth slot
of the card cage (X4 Figure I is a schematic of the servoam plifier card and table X is the
parts list.

5. Current Drivers

Figure 19 shows the inner and oUter ginbal current drivers for the torque motors of
the I 0-inch antenna platform. The TORQUE switch on the control panel places +28 Vdc
on the current drivers to activate them. The current drivers are moun ted on a plate attached
to the ountside of't tic card cage. An1 extender card and cable are Used to provide a wiring liar-
nes,, from tie Iifth slot of the card cage (X5) to the current drivers. Note that the current
drivers are current-linited to protect the torque motors as well as the current drivers them-
selves. The current-limiting resistor (R x ) is determined by the equation

= I ,L - 0 .4

where 1CL is tile limitinug current. The current drivers are integrated-circa it servoamtplifiers
fabricated by Inland. They are mounted hw means of sockets and attached to heat sinks for
easy replacenent. liguire 20 is a simplified schematic: table 1) is the parts list: and figure 21
shows current driver interconnec' ions.

1). 10-inch ANTENNA PLATFORM

Figure 22 slows the I0-inch antenna platform. The primary design features of the
plattorm are the adaptability to other anten nas, the large 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 platform is a bail-ring concept with
aI igi torqie-to-inertia design. The bail-ring concept allows large load volume on the gin-
bals. A roller suspension system is used to hold the bail ring. This concept keeps the costs
.f' prodnCtion down. Torque nioors were useld for 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
reILuce, costs h eliminating the requirement of designing balanced loads. Conductive
plastic potentiometers were used because of' their superior durability. The Iloneywell NIIII)
rate sensor is used for track-loop stabilization. The NIIID is a new-concept. subminiature.
high-perforniance, two-axis rate sensor specifically designed for large-volume producibility.
It has been qualified to environmental requnirements of NI IL-STD-8 I OB for gyros installed in
I ixed-wing aircraft. helicopters, and missiles. It is ideally suited for tactical missile seeker
head stabilization. F igure 23 is the platform wiring diagram and table 10 is the parts list
(whichl includes only lithe electronics). A limited set of drawings is provided below in the
mechanical drawings section.

The antenna was designed and fabricated by AIL. Deer Park, Long Island, New York.
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Item Quaititv Part Number, Value Ma ufacLurer NomenI iture

RI . R2, RIO. RI I R 17. 8 4(.(K O.IW. I'; Resistor
RIS, R2t). R27

R3, RIO 2 20.5K O.1W. I'; Resistor

R4, R12, RI. R20, R28 6 12.4K (.JW, I'; Resistor
R20)

R5. R 14. R21 . R30 4 R('07 IO Resishor

Rio. RI5 R22. R31 4 R('(7 2K Resistor

R7. R I. R23, R32 4 RILON5ROO: 5. IOW Resistor

RS. R24 2 4.53K .Al. I'' Resistor

RQ. R1 2 24.QK 0.1W. I Resistor

('I. (2, (4. ('5. C7. S CK05 5601A Capacitor
CS. (10. (I I

CU. (6. C' (C 12 4 CK05 0.0 1 F (apacitor

I 3.(I4 2 CSI 3 22 11F. 35V. 10'; (apaciot

CR I t1ro W (I CR IN 300 Diode

QI, Q3,Q5,Q7 4 2I1I 1rasmt, i

Q2.Q4. Q6. ON 4 2N37 16 transistr

III through 114 4 0 IO -1B Thenn alloy Hear sink

['I iroUgh U 4 4 LM 108 Signetics Integrated circut

Table S. Servoamplifier parts list.
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Ite_ Quantity Part Nunber Malulacturer Nomenclature

( - I' 2SI ' -20-30)SY Bendix Connector

MIDII) I ( 25Oi ( 03 I lone ywell Rate sensor (MIIl))

F I I)I 13320-A-I 7 ('lifton Torque motor

I2 I Il I I Q)Q0_-l-2 (lit ton Torque motor

RI 1 357 IS-1 -502 Bourns Potentiometer (5K)

R2 78SI C5 02 New England Potentiometer (5K)
his i ulliell Is

FI0l -01 -040 AlL Antenna/processor

Table 0. 10-inch antenna platform parts list (electronics only).

E. S-inch ANTENNA PLATFORM

Figure 24 shows the I lughes antenna platform, which is included here for
documentation purposes only. The platform is a bail ring concept with magnetic particle
clutch servos to drive each gimbal. Permanent magnet dc motors provide the mechanical
power input to the clutches. The platform has inner and outer gimbals for positioning, and
an MIl) rate sensor for track loop feedback stabilization. Figure 25 is the platform wiring
diagram.

III. ELECTRONIC DESIGN

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

A. SLAVE LOOP

A slave loop is implemented about each gimbal by utilizing feedback from 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/amplifier/load is derived in reference I and is considered as given.
The compensation required to close the slave loop is discussed in this section. Figure 27 is a
simplified schematic of the slave loop compensation and table I I presents component values.
A boresight adjustment is located in the compensation card to permit zeroing the antenna
platform at boresight.
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R(A R_'h Isk K

Rw5 R 2 4'K 39K

Rot, R _' lI WK I WK

Ro7 R 21 boK IA

RoS R30, 24 K .8

RIO R., I lOOK X 2K

R70 R32 ~2K 39K

I R.1.1 -1 K 39K

R '_ R34 S 2K 33K

R-3 R. ,.-'K I 5K

R-4 R3,o It M I

R'5 R37 ' OK pot 50K po

(ho C- (Il IP1 0 1 2 pf

iC l () .1 (P 13 1 I .0 pf

I able 1 1 Sha~e loop coitipcilsaItil Component \ altis.

1 . Slim, Command

Slavec command ginm 1K3) \%Lts determined b\ assuminlllg a signalhl In put of' range ±-5
voils for _ 45 -degree movement of' the inner aId~ outer gimbals. Thu,,, the inner and outer
slow-posit ion gain ( K Sl) i,, k:d ,lC la ta I olbowsI

Ksp = 0 .37 \olts radia.1.
or

Referring to tigure -17, we, canIj see iinat tile slave command gain (Ki is calculated as follow,"

K1 I- R28 = 4.10 vols volt iouter inmbah3 R2 -1

K1 = R66 ( = 3.40 volts'volt inner imnbal t3 R65

The iner and outer gun ha I gains diff~er because the gai ns in thie respective slave loops d itfer
Total slave command gain is tile product (of file two gains tie. K~pK~ I.
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2. Feedback

The outer gimbal feedback potentionmeter is of the three-turn type. A 30-volt
potential is placed across thle potentiomleter: thlUS thle potentiometer gain ( K) can he cal-
culated as follows:

Kp 30 =I.)olts! radian (outer gimbal).

th le ratio N I)ooftilie ouiter ginilhal movement with respect to the potentiometer is 8.5:1.

The inner gimrbal feedback potentiomieter is Of thle single-turn type. A 30-volt
potential is also placed across this potentiometer: thuLs thle potentiomleter gain (K tK) can be
calculated as 1*0IloWS

1K 30= 4.78 wilts radian (inner gimnbal).P jr

'Fhe rat io (N I )of thle inner gimibal movement with respect to the potentiometer is 3.0:1.

Referring 1o fi'ure 17. \e canl see thlat thle feedlback gain KI canl be calculated as
foI Io \k V

K I R-18 = '3 wils ot (outer gimbhal)

K I Ro 8. 89 \olt,, \olt (intler gimnbal).1: R64

t otal leedback gain iN the produLct 0If thle three gains (ie KN .orldbcgani
rCtOCIIc I I Is 'I. the lollo\\ing clioiishiips" ap Ipl\ p.[o febc ani

KI I
KI. - = 1 .30 %oil,, volt (outer gimbal)

KI31

Nnlte t lie potentiomecters Used Were of thle high-precision, conductive plastic type because
high tedctk gatii iplfics the crossover ot tile wirewound type.
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3. Compensation

A Iead-lagz :orlm esa lion nietwork was necessary to provide thle req nlired stabhility.

ihe trainslfr ttit I-o r the slive loop conmpensation. per reference I, is as l'ollows:

(T S+ I H(T S+ 1 )(7 S+ I)I

The caclt s01" tile Co11Mesationl gaJin l\ I Ind tile tu11e Constants (T-). T-). T-~ 1. an
T 0 )ftor hothI the inner and outer Uimhlals are shown in table 1 2. Note that for thie compen-
sat ion gainii i reference I (lK .thle t'1ollig relationShips' aply1

lK,, K lK- 3 00 \ oIIN \()It (0oL11irgiia I

K = 1K K 43 4\ olts oI it InnIlIer haiib I

K; (TS+ I )(,+I

(7-,S+ I I(rS 1 H7 S+ I

B3. TRACK LOOP
Tlhere are two losivleinterakngoop: the t rac:king loop itself' and thle

sta (ifi/ation loop). The tracking fooli is closed by means ot1 thle reception ot anl emit tinge

radar signal (via the antenna)I. which is processed to develop a line-o I-sight rate U) ) that is
zeroed to allow an toma 1 tic tiarge t tracking. Thle st abi lizat ion loop is provided ais an inner
loop in the tracking servosystemn and is closed byv means of' the two-axis NIIll) rate sensor.

i i iim plemnintat ion caulses thle tracking loop) error signal,, to lie a measure of' the in ncr anrd
outer lico'sgtrt, n inertiallv refecrenlced coordinates. FQiCur 28, shows, thle

track loop hlock diagram.

I . ComipensationI

Compensa tion consists oi' a processor f'ilter, error rate summiner, and c0iiiiliSatiOn
filter. FigUre 21) is a simplified schiematic of' thle compienisation filter, and tabile 1 3 presents
thle componlent values. The error 'rate summer has a balance adjust to obitain the piroper bal-
anice between track error and rate feedliack (stab ilization). There is also a boresight djust
in the compensation f'ilter to zero thle track error ou.tput to the antenna hilafforti. A switch
around the integrator of' the compensation filter is Used to discharge thle integratoir when in
slave mode. Otherwise, in switching f'romn slave to track, the charg-ed capacitor would cause
an instant junmp.
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K; ONSi Volt vii
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133 R 134
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K; =1(025 volts voll
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Outer/Inner
Components Outer Gimbal Inner Gimbal

RI/R39 3.3K 3.3K

R2/R40 24K 24K

R3/R41 3K 3K

R4/R42 3K 10K

R5/R43 1.1K 2.4K

R6!R44 2K 5.1K

R7!R45 2,2M 5.IM

R8/R46 10K 10K

RQ)iR47 50K pot 5OK pot

RIO/R48 12K 12K

RI I/R41) I1IK 110K

R12/R50 56K 56K

RI3/RSI 56K 56K

R14/R52 3K 3K

RI5/R53 56K 56K

R16/R54 9iK 150K

R17/R55 68K 75K

R18/RS6 30K 30K

R19/R57 270K 270K

R20/R58 IOOK 100K

R21IR59 50K pot 50K pot

R21/R5) 50K pot 50K pot

R22/R60 IOM IOM

R23/R61 470 470

R241R62 51K 51K

R25/R63 10K 10K

CI/CIO 1.0,uF .O /if:

C2/CI I O.OX2 F 0.082 pF

C3/C13 3.3 uF 3.3 /jF

C5/C14 1.0pF 1.0 F

C6/C 15 100 pF 100 pF

Table 13. Track loop compensation component values.
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a. PROCESSOR FILTER. The processor filter is used to smooth the signal output
of tile video processor. I he transfer function to he obtained, per reterence I. is as follows:

K4K 5s

r 7 S+ 1

The processor gain (K 4 ) 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 (KO)
must be designed for 7.3 calculated as follows:

K5  -= 7.3 volts/volt (outer gimbal)

R40 = 7.3 volts/volt (inner gimbal).

K4=R 3 9

The processor filter time constant (r7) is calculated as follows:

T 7 = R2 x CI = 0.024 second oLIter gimhal)

r7 = R40 x ('10 = 0.024 second inner gimbal).

b. ERROR/RATE SUMMER. TFhe error/rate summer sums the track error and
rate (stabilization) signals and balances them. To accomplish this, it was necessar' to cal-
culate the following gains.

Outer Gimbal.

KI R8
8 9.09 volts/volt

KI R8
K R4 = 3.33 volts/volt.

Inner Gimbal.

- R46 = 4.17 volts/volt
R43

K R46 1.00 volt/volt.

K I is the rate gain (demodulator gain) and K is the error gain (processor gain).
7 5
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c. 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 (r2S+ Irs+ l)(r5S+ 1)

S(r 3 S+ 1)(rS+ 1 )(7 6S+ 1)

The calculations of the compensation filter gain (K3 ) and the time constants (T2 , r2 , T3 ,
r5, and r6) for both the inner and outer gimbals are shown in table 14. The last stage of

te compensation filter is an integration and translates to gain included in K3 [integrator
gain = 1/R2OC5 (outer gimbal) and I/R58C14 (inner gimbal)l.

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 reference 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. Thc gain of the MIll) (KMIlI)) is
0.8595 Vdolt rns/radian 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 hybrid
package (1030AD06) which is now incorporated into the electronics. The demodulator has
quadrature-switched 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 Htertz. 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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Outer Gunbal.

K3 R 1 R1 6 
R 10 " 30 2 volts/volh

r =(RII +R 1o(' 2  = O.OlOOsecondSI R2 16 RI3 0 .

T - ( + RI 4 3  0.0102 second

I R 12 = 0.0084 seond

T
T = RI, = 0.0009M second

T 5  = RI C4  = 0.0990 second

r = (R1 8 + R 19))(' 4  = 0990 second

ilner Gimbal

K (150+ R51)R57
K3  R49H54R58('14 1.3 wottv/woh

T-, =R49 + R48)('I I = 0.01,Jsecond

I R50 + R5I
1"2 = + R52C1l2 = 0.0102 second

r 3 R48CI I = 0.000984 second

I
T R52( 12 = 0.00090 second

T = R5C('13 = 0.0990 second

T = (RS( + R57)CI3 = 0.990 second

To (R56 + R571C13 = 0.990,.ccond

Table 14. Track compensation

filter calculations.
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KMNDKIDl IX 13S

~ II ~ ~ '4AS + 1) (T41DS +1- I (T4 8 S_ + 2hBi 4HS 1 )
%here

KMNt) o. xiQS VI fad. Mill) gain I

KD) I I I x 10, ", I'lis' l ( 200-11/ hardpass filter gain)

K) 4 S(, kVF'V I"I 1"te giln

K D3  1 00 VdL, Va (third-order tilter gain)

r (l 000 1 j seconrd Wiiird-oidei fiuet little constanutI

"41) 01 000~2 1-4 sond (I tdk% -a~e rectilier little cilsant

'_A .000-(10 second 120041/~ hankdpass tilteit iunc constaw)

0 H oW I)' ihrd-ordlei tilti daniping taciur)

1 00 (200-1l1 haindpas s Iiltet dantpivig facli

I d 1)IC 5 lDcnIodniator Irarisler fuinction and \altvs

a. 200-li[RTZ BANDPASS FILTER. Thle 200-11z bandpass filter is used to pass
the 200-l11 signal received from the M1lD and attenuate all other frequencies. Figure 3 1 is
a , simnplified schematic taken from reference 2. which indicates how to derive its transfer
function. The component values are shown in table I16: thle transfer function andi calculations
of thle gain (KDOn1 the time constant ("4A) and the damiping factor 6A 11) table 1 7

b. PIIASL lFTLCTORS."FILTER. The phase detectors produce the quadruplexing
action necessary to decipher the incoming 2(X)-liz signal. A 400-H;, reference is generated hy
the Mlii) and is transformed to a 400-11z sqluare wave. This square wave is used to switch thle
phase detectors that separate the inner gimbal motion from the outer gimbal motion that re-
stilts from the Incoming 200-li11 signal. Thle two-phase detectors are tied in tandem. Thle
filter following the phase detectors attenuates the switching ripple. A simplified schematic
of the phase detectors/filter is shown iii figure 32. The component values are shown in table
18. The transfer function and Calculations, of the gain (KD)2) and tile time constant " 740- are
shown in tahle 11).

IStollt, 1), S .i 'Id MKaI~t tia Hlandbook ol ()peralional Amplifier Circuit Design. Mc(, rawk-
11ill, Inc. I 9"o. p I 0-
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8 9 
00

V R9

VO A z 3 Z4

v s z 3 1zz 2 Z 41 ZI Z2 z 1 Z4 (1- v 01

2 c:7

: 3 5

7

hire 3 1,200-1l, handpass filter schiematic.

16 1 (, 2K

R(, 5 1. 1K

R7 3 I(6K

RS 21 SK

Rt) 40.4K

('7 0.01 jaF

(8 4700 pF

(:- 9 100 pF

Table 16. 200-liz bandpass filtcr component values.
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KDIS

J2A + SB + I

1.11 10-3V /V A o R 6R7 C7
KD1 = IlXOVrmsVrms R5 + R 6

A = 5.77 X 10-7 R5 R R6 R3 C7 %8
R5+ R 6

B = 1.52 X 10-3 R5 R6R7 C8 + R6 R7 (', + RbR 7 ('7 + (1 A~ P R5R 7C7

Roots

(r 4 AS)h + 2bAT 4 AS + 1 "4A = 0-00076 second

hA =1.0

Gain at 200 Ii,. 0.73.

Table 1 7. 200-Hz bandpass filter calculations.

200-Hz SIGNAL-

400-Hz
SQUARE
WAVE
REF

*RIOUTER)/R(INNER)

Figure 32. Phase detect ors/fil ter schematic.
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(uiter Inner
(I [Ipme III (uter (I'lbal hirer (;imbal

RIO R23 o 34K 0.34K

RI I R24 6.34K 6.34K

RI2 R25 SK (6sele,05I SK (select l

RI3 142( IOK IOK

R14 R27 IK OK

R I 5.'R2S 39.2K (select) 39.2K (selecl)

RI t.R29 6.34K 6.34K

RI 7 'R30 37.4K 37.4K

RIS R31 Sf62K S,.2K

( 10( (h3 0, . 1 ) Vl "300 pt-
I (bh"I I . Phase h.I ct c cor,! filter component vaIlu.'.

)0ter I , thal

R RI IK I2 R I+ R I I +,.07 Vm V .(positive half-Cvcle gain 1

K I _ (R I7 t-R ISI(R I ]I + R I<2) S '

1)2+ RI I (RI5 + RI o+ RI" + RIS rms'Vrj 1 lpositehalf-cclegann

1 0 3 ,.6 Viv N
K2 0.1/1)7 ag rnsKI) 2  KI)2 :077r,

41) RI 2'I0 = 0.000214 second.

Inner ( Gimnal.

K I 1V2, S fi07l ( (negative ll -cycle gam)

I (R30 + R31 IR24 + R1S1
KI(34R1R4R21 = , 07 V V" (positive hal-yl an

)2+ 1<24 (R28 + R2) + R30 + R<15 Sol Ills all-cycle gai

K 1)2 4 0.707 4.5o V V
D22 0 'vg rill S

'41) R2C( 116 0.0002 14 ,ecund

I able I 9. Phase detectors/filter calculations.
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c. 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 maximum banJwadth Figure 33 is a simplified schematic of the third-order filter. The
component salue% are shown in table 20 and the transfer function and calculations (74B and
74(-) and damping factor (6B ) in table 21 The equation for the transfer function was obtained
from reference 3

4 APPROXIMATED MHD/DEMODULATOR TRANSFER FUNCTION

For e of implementing on the computer, reference I used the following transfer
function to approximate the MHD'demodulator circuits:

KMHDK2

(r4 S+ I 3

The same transfer function and the following data apply for both inner and outer
gimbal electronics. The MHD gain (KMHD) is 0.8595 volt rms!radian/second. The demodu-
lator gain (K, is 3.33 volts dc volts rms. K, is equivalent to KDI Kp2KD 3 of the calculated
transfer function. A time constant of 0.0015 second (T4) was calculated as an approximation
of the MHD demodulator circuits

IV. MECHANICAL DRAWINGS

It is recognized that the drawings in this section are not comprehensive. however, it
is believed that tile\ are complete enough to aid in analysis of the servo platform ,ystem

Figure 34 is an outline drawing of the control panel The control panel is made ot
sheetmetal

The last figure,, in this document are the mechanical drawings of the platform and
the associated mountings to the platform. Figure 35 show\s the mounting of the bail ring to
the base. Figure 36 shows the base mount dimensions. Figure 37 shows the bail ring and
bearings. Figure 38 shows the roller and spacer used to hold the bail ring. Figure 39- shok,,
the inner motor mount. Figure 40 shows the inner potentiometer mount. Figure 41 shok,,,
the outer potentiometer mount.

3 Millman. Ja .ob. and C ( Halkias. Integrated I-lectronics Analog and Digital Circuits and
Sstems. Mc(,raw-ll. In,., 1972, p 552
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R 2= F3 L3 R21R34 R22?R35OUTPUT

C12/CI8 C14C-

Figure 33 I irird-luder tll~er schernatic.

RN)o R3 I lIOOK I OOK

R1I R '4 1 O(K IOOK

R2 100 lK I OOK

( 2(IS 022 PI 0.022 PF

( I 0 .047 pl 0 047pF

I. 4 (2tJ;)0 1 3300 pF

1,~1cL 20 1 ird -ord c'r fd)tcr comnponen t aloes.
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KD3

S3 A+ SB+SC + I

Inner Ginbal Outer Gimbal

K D3 = C 18C 1q 20 R 3 3 R3 4R3 5  C 12( 1 3C 1

B = C 18CIt'20 (R 3 3 +R2 4 ) C12CI3C14(R20 + R 2 )

+ C 18C 0 R3 3 tR 3 4 +R30 + C 12 C 14 R, 0 R2 1 + R2 2 )

C = CISR 3 3 + C, 0 (R 3 3 + R3 4 + R3 5 ) C 12R20 + 14(R20 + R21 + R,,)

Solution

A = 3.4122 X 10 - ()  3.4122 X 10-"

B = 1,452 X 10 - ( 1.452 X 10- 6

C = 3.19 X 10- ' 3.1)X 10 - 3

Roots

1t4( S + I T 24B'S +_,)HB 4 BS + l) 04( 0B) , + 1 d

413 00! 10 riwd

4B - 0.053 seond

Fable 21. Third-order filter caIctilaoionS.
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DIMENSIONS IN INCHES

34. (ontrol panel outline and hinged lid (perspective),.
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12 MOTOR MOUNT ALUM 1

MISCELLANEOUS DOWEL - - AS

PINS,.% (." EWS, WASHERS N-CESSARY

I SPACER -- 1

10 OILITE BUb-HING -- 6

~ BALL BEARING -- 4

8 SHAFT 2
7 SHAFT 1

, PINION 1

10 ROLLER CFRES 2

4 BEARING MOUNT CRS 4

3 SAIL RING ALUM 1

2 SIDE PLATE ALUM 2

1 BODY ALUM 1

DET DESCRIPTION MAT'L OTY

Figure 35. Plalform drawing slic'i I: hail jiig lounting,
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I I DRIVE GEAR

POT NOT SHOWN
iOPPOSITE MOTORi

Figure 41. Platform drawing sheet 7: outer potentiometer mount.
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