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PREFACE

This training manual provides a means of familiarizing the reader with
the Block II Stabilization and Control System (SCS). 1Its pPrimary purpose
i1s not to provide a detailed circuit analysis, but to instead convey a
functional descripcion of the system's capabilities. To achieve this

objective, functional diagrams are used to depict major signal flow paths.

The text most closely describes the Block II SCS configuration for space-

craft 103 and subsequent. Since this document is not subject to revision

control, the svhiect matter should b

e considered tor training purposes
onlx.

The following documents represent the refereuce material utilized in the
preparation of this familiarization manual. It is recommended that the
reader utilize these items as a supplement to the text in order to obtain

edditional detailed sygtexs information.

YG974N System Technical Development Specification (TDS 1401)
BG 287 Reaction Jet/Engine On-Off Control TDS (TDS 1402)
BG 286 Control Electronics Assembly TDS (TDS 1403)
BG 285 Electronic Display Assembly TDS (TDS 1004)
86‘289 Gyro Display Coupler Assembly TDS (TDS 1005)

BC 288 Thrust Vector Position Servo Amplifier Assembly TDS (TDS 1006)

GG 362 Gyro Assembly TDS (TDS 1007)
JG 264 Flight Director Attitude Indicator TDS (TDS 1008)
JG 261 Gimbal Position/Fuel Pressure Indicator TDS (TDS 1009)

ii




CG 161 Attitude Set Control Panel TDS

CG 160 Translation Control TDS

CG 166 Rotation Control TDS

GG 248C Miniature Integrating Gyro TDS

Servometric Meter Assembly TDS

YG974N1 Interconnecting Wire List

Block II SCS System Schematic

Block II Phasing Requirements

BG 287
BG 285
BG 289
. BG 286
BG 284
GG 362
JG 261
JG 264
CG 161
CG 166

CG 160

H3

RJ/EC Schematic
EDA Schematic
GDC Schematic
ECA Schematic
TVSA Schematic
GA Schematic
GP/FP1 Schemstic
FDAI Schematic
ASCP Schematic
RC Schematic

TC Schematic

(TDS 1010)
(TDS 1011)
(TDS 1412)
(TDS 1013)
(TDSs 1016)
H5986-1
C13373AA01
DR 9249
C13052-4
C13064-2
C13068-2
C13065-4
C13067-1
C13069-1
C12964-2
C12968-3
C12959-11G
C13365AA01

Cl12961-1
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SECTION 1

APOLLO MISSION AND SPACECRAFT

J¥IROOUCTION

Honeywell has been designated, under coantract from North American

Rockwell (NR), to design, develop, and msnufacture the ‘ilbtltzatton
snd control system (SC8) for the Apollo command snd service msodules
(CM/SM). Honeywell is therefore respornsidble for the schievement of
specified system performances based upon North Americen supplied mission

snd interface requirements, slong with date defining the spacecraft

vehicle dynamics. The basic definition of the stabilizstion and control
systeam includes & spacecraft ''sutopilot" subsystem, msnusl comtrol,

snd sssociated cockpit displays.

1.2 APOLLO MISSIOM
A profile of the Apollo mission is shown in Figure 1.1. The primery

objective of the Apollo mission is to land a menned vehicle on the luner
surface and safely return the crew to Earth. This ultimete gosl will be
accomplished using Block II Apollo vehicles. These vehicles will use
electronic systems (including the 8C8) which have been redesigned end
feature advances in the state-of-the-art learned from the esrlier Block I

vehicles.

The lungr spececraft in Project Apcilio is being developed under direction
of NASA's Mannai Spacecreft Ceater st lousten, Texnss. The spacecseft has

thres main slemsnts: & commsad module (CX), & servicée module (BX), sné o
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lunar module (LM). The command module carries the three-man crew, plus
guidance and contrcl instrumentstion. Tﬁe service -odﬁlc conteins
instrumentation (to which access by the crew is not ncccliary during
flight) and the primary spacecraft prophlsion system. The lunar module
is the only part of the spacecraft that lands on the moon. These

interface stages of the Apollo vehicle are shown in !136;0 1.2,

The 3,000-ton Saturn V will be lauhched from the Kennedy Space Center,

Florida. The first (S-IC), second (S-II) and third (8-IVB) stages are
fired in succession to place the third stage and the Apollo spacecraft
into & "perking" orbit around the Earth. The first and second stages

are jettisoned after cutoff. The launch escape tower is also discarded

just after second stage ignition.

After the spacecraft has been checked out in earth orbit, the third stage
(S-IVB) is restarted, boosting the vehicle to near escape velocity (about
25,000 mi’.:s per hour). The command plus service mﬁdules separate after
the adapter shroud éurrounding‘the lunar module opens. The command module

then docks with the lunar module, and the spent third stage is jettisoned.

Earth's gravity will slow the spacecraft's speed to about 6,500 mph by the
end of the first day, and to about 1,500 mph after two days. This portion
of the flight is known as the "midcourse'" or "translunar coast" phase.

As the spececraft approaches the moon, the large propulsion unit on the
service moduie is fired to slow the Apollo plus LM into a precise circular

orbit about 80 miles above the moon's surface.




39V1S gAI-S

1IN ININNYLSH

43aldvav NI

$I

(#seyd ysoog) seoejiaju] 8beis 1 4vyd3DVdS O 1104V




Two astronauts ther crawl through the egress hatch of the coﬁnnnd module
into the lunar module. The LM engine is then fired and the LM begins a°

descent trajectory to the touchdown site. The Apollo CM/SK remains in

the circular lunar orbit.

A large glass cockpit area in the LM allows the two astronauts to have
8 line of sight view of the touchdown site. With the descent engine

firing and landing gear extended, the vehicle sutomatically descends to
within 100 feet of the lunar surface. The vehicle will also be able to

hover or move laterally for about 1,000 feet for choosing the best touch-

down point.

After the lunar landing, the LM is checked out for the lunar take-off.
Only then does exploration of the moon begin. Most of this exploration
will be geologic in nature. It will include mapping, photography, obser-
vnﬁion of surface characteristics, corenand surface sampling, and seismic

and radiation measurements.

For the return trip to the orbiting Apollo, the LM utilizes the ascent
engine. The first LM stage, containing the descent engine, acts as the
launch pad and remains on the moon; The orbiting spacecraft (CM/SM)

' containing the third astronaut, will be above the moon's horizon when

the ascent stage of the lunar module is laurched. Radar and visual contact
are maintained between the two couverging vehicles, and final docking will

be made under manual corntrol with the LM the active vehicle.

After docking, the two IM astronauts transfer back te the command moduls.




The lunar module is jettisoned and remains in lunar orbit. Following
checkout of the spacecraft, the propulsion system of the service module

is restarted, injecting the command and service modules into a trans-earth
trajectory. During the trens-earth coaét phase the spacecraft velocity

is increased by earth's gravitational pull and several mid-course corrections

are made if necessary. The service module is jettisoned just before entry

into the earth's atmosphere.

The command module is then oriented with heat shield forward for entry.

Earth approach must be on a very precise trajectory, to encounter the earth's
atmosphere and be "captured" for a safe entry. Too shallow an entry approach
would result in an earth miss (skip-out) and too steep an entry would result

in excessive G's or heat build up on the command module.

Traveling at approximately 25,000 miles an-hour, the module thus ideally
enters the atmosphere at a critical entry angle at approximately 400,000
feet. It encounters a heating rate several times higher than those en-

countered during projaect Mercury and Gemini entries.

The blunt section (aft heat shield) of the command module ablates as the
heat builds up due to the aerodynamic forces. The spacecraft is thus
slowed down by this dissipation of energy. Then a sequence of chute de-
ploymsnts begins. A drogu.Achntc first slow; the module, and then at
10,000 feet, the main chutes open to bring it to a safa water landing.
Earth based ?adnr and optical instruments will trlck.the entry descent,

and hcltcépéct Tecovery teams will cover the crew and command module.




APOLLO LAUNCH VEHICLES

The launch vehicles used to propel Apollo spacecrafts into space are shown

in Figure 1.3.

The Saturn IB is used to launch earth orbiting msnned Apollo vehicles. It

includes an S-IB and an S-IVB stage.

The Saturn V is able to place more than 120 tons into esrth orbit or send
more than 45 tons to the moon. The Saturn V, with its Apollo payload is

361 feet tall. Physical and performance characteristics of the stages are

as follows.

The S-IC first stage burns over 15 tons of propellants per second during

its two and one-half minutes of operation to take the vehicle to a height

of about 36 miles and to a speed of about 6,000 miles per hour. The stage
is 138 feet long and 33 feet in diameter. It is powered by five F-1 engines
with a combined thrust of 7.5 million pounds burning RP-1 kerosene and

liquid oxygen. The fueled weight of the stage is 5,028,000 pounds.

The S-1II second stage burns over ome ton of propellants per second during
about six and one-half minutes of operation to take the vehicle to an
altitude of about 108 miles and a speed of near orbit velocity (17,400
miles per hﬁuf. The stage is 81 feet iong and 33 feet in diamter. It

is powered by five J-2 engines with a combined thrust of one million pounds

burning 1iquid hydrogen and 1liquid oxygen. The fueled weight of the stage
is 1,064,000 pounds. '
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The S-IVB third stage has two important operations during the Apollo lunar
mission. After the second stage drops away, the thitd.lt.'. ignites and
burns for about two minutes to place itself and the Apollo spacecraft

into the desired earth orbit. At the proper time during this earth parking
orbit, the third stage is re-ignited and burns for about six minutes to
place the spacecraft on a lunar trajectory at a velocity of 24,900 miles
per hour. The stage is 58 feet long and 21.7 feet in diameter. It is

powered by a single J-2 engine with a thrust of 200,000 pounds. The fueled
weight of the stage is 265,000 pounds.

The Instrument Unit, located atop the third stage, contains the guidance
and coatrol equipment for the launch vehicle. It is 3 feet lomng, 21.7

feet in diameter and weights about 4,100 pound:.

The Apollo Spacecraft consists of the CM/SM and LM. The command module
is 12 feet high and 13 feet in diameter and weighs 52,000 pounds fully
fueled. The 8M contains a 22,000 pound thrust-engine. The Lunar Module
consists of two stages and has a total weight of 32,000 pounds. The

ascent engine develops 3,500 pounds thrust. The descent engine thrust can

be varied from 1,050 to 10,500 pounds.

| The Launch Escape System is 34 feet long. It contains a 150,000 poundf
thrust launch escape engine, a 33,000 pound thrust tower jettison engine
and a 3,000 pound thrust pitch control engine. MNormelly the LRS is
jettisoned about three minutes after lift off. For an abort, the Ll!

would carry the G up and away from the launch 9ch1clc; path.
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1.4

SPACECRAFT ENGINE AND AXES DEFINITION

Figure 1.4 provides a reference for describing and defining the spececraft

reference axes and rotations, gimbal angles and RCS engine functions and

nomenclature.

Reference Axes

The reference axes of the spacecraft are orthogonal and are tdcnttficd as
follows: the X-axis is parallel to the nominal launch exis of the
spacecraft, and is positive in the directics of initial flight. The Y-axis
is normal to the X-axis, and positive to the right of a crewman facing

in the + X direction. The Z-axis is normal to both the X and Y axes, and

Positive in the direction of the crewman's feet.

Rotations

Changes in attitude of the vehicle are defined relative to rotations about
the reference axes. Positive rotations are defined as clockwise motions
about the reference axes when looking from negative to positive along

the axis. Vehicle rotations about the spacecraft X-axis are identified as
roll. Roll anguler displacesents are identified by the symbol "§" and
angular velocities by "p" or "6". Pitch angular displacements (0) are
those about the Y-axis. Pitch angular velocities sre identified by "q"
or":". Yaw angular displecements and velocities are generated relative

to the Z-axis and are identified by "y/" and "r** or y/" respectively.

Gimbal Angles
The 8PS engine is rounted im & double gisbsl ring. The engine cen be
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deflected about the gimbal hinge points by providing proper command signals
to the servo actustors. The gimbal hinge points define lines which are
parallel to the spacecraft Y and 2 ;xes. Thus the orientation of the

SPS engine is defined by pitch and yaw gimbal angles which are deflections
about the respective lines from the nominal engine position. Gimbal angle
polarities are defined in the same manner as spacecraft angular displacement

polarities as indicated in Figure 1.4,

RCS Engine Nomenclature and Functions

The Service Module contains four clusters (quads) of RCS engines for a
total of 16 engines. These engines were originally identified by numbers
1 through 16. As indicated in Figure 1.4, the engines are now iden._fied
by quad (A, B, C or D) and number ( 1, 2, 3 or 4). A translatifon along
any S/C axis or combination of axes can be accomplished by firing the
proper combination of RCS engines. Similarily, rotations about any axis
or combination of axes can be controlled. The SM RCS Engines table on
Figure 1.4 identifies the engines which would be turned ON to accomplish
the desired motion. For example: a positive pitch acceleration (+.6)
would be provided by firing engines C3 and A3. An upward translational

acceleration (along the -Z axis) would be nrovided by firing the B2 and D1

engines.

The Command Module contains tvo sets of 6 RCS engines each. The engines
for each set are numbered 1 through 6. The first numeral of the engine

identifying nuaber designates system 1 or 2. The two systems have independ-

.ent propellant supplies. The 12 RCS engines provide the CM with rotational




control capability about all three axes. There is no requirement for

translation capability with the Command Module.




SECTION 2

INTRODUCTION TO THE SCS

GENERAL

The Stabilization and Control system (SCS) provides a capability for
controlling spacecraft rotation, translation and thrust vector control.
The SCS also provides the displays necessary to allow the astronauts to

monitor automatic operation as well as to exercize optimum control of

the spacecraft.

Functionally, the SCS can be divided into three basic subsystems:

attitude reference, reaction jet control and thrust vector control.

These subsystems contain the elements which provide selectable functions
for display, sutomatic and manual attitude control, manual translation
control, and automatic and manual thrust vector control. All control
functions are backup to the primary guidance navigation and control system
(PGNCS). The SCS provides two assemblies for interface with the propulsion
subsystems; these are common to the SCS and PGNCS for all control functionms.
The main display and control panels contain the switches used in selecting

the desired display and control functions.

The Block II SCS utilizes '"functional switching" as opposed to the '"mode
select" switching nechaqized in Block I, Functional switching requires
manual switching of numerous independent panel switches in order to
configure the 8CS for various mission functions (e.g., midcourse, AVs,

entry, etc.)., Mode switching would, for example, employ one switch labeled
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"midcourse" to automatically accomplish all the necessary system gain
changes, signal enables ond disables, etc. for that mission phase.

Thus mode selection simplifies the crew tasks involved, but limits

system flexibility between various mode.configurntionl. Function select
switching, on the other hand, requires more crew tasks, but offers
flexibilit& to select various gains, display scale factors, etc.; as
independent system capabilities. Function select switching also allows
flexibility to "switch out" part of a failed signal path without affecting
the total signal source (e.g., use of the SCS to control the vehicle

while the G&N supplies the display information),

BASIC SCS FUNCTIONS

The SCS system provides the capability for 3-axis attitude and/or rate

control of the Apollo vehicle.

Switching is provided so that either the G&N system or the SCS has the
ability to control the vehicle and provide attitude information for display.
Flexibility is provided by control panel switching so the pilot may choose

a number of alternate parallel success paths involving the SCS and the

G&N system.

During Delta-V meneuvers, the attitude of the vehicle is controlled by
positioning the gimbals of the SM thrust engine in pitch and yaw and

operating reaction jets in roll. In sddition to providing the intetface

for G&N control, the system provides the capsbility for coubletc 8CS

attitude control of the vehicle during thrusting, and on-off control of




the thrust engine. Redundant sets of Body Mounted Attitude Gyros

(BMAGs) provide a SCS attitude reference while the velbcity increment is

measured by the A V counter of the NR supplied EMS unit. Additional
operational capabilities allow the astronaut to assume manual control

of the vehicle during thrusting (MIVC),

During the non-thrusting mission phases, three-axis rotation control is
accomplished using reaction jets in all axes. Here again, a complete
redundant attitude control capability is provided by SCS sensors and
electronics. In addition, a three-axis rotation and translation control

capebility is provided through the use of the SCS manual controls.

System displays include the presentation of total vehicle attitude from
a given reference, attitude error, and meneuvering rate. In addition, other
displays show SPS gimbal position, attitude set, ard a redundant roll angle

display during entry.

C 3C U S
In June of 1964, NASA directed the program definition phase of the Block

I1 integrated guidance and control system.

. As part of the Block II philosophy, MIT was given responsibility for
primary guidance and control of the Apollo vehicle whenever the IMU is

operating (except when the Apollo vehicle is attached to the S8aturn launch

vehicle and during tower aborts.) NAA (with Honeywell as subcontractor)

was sssigned backup stebilization and control whenever the @& system is

not operating and during tower aborts. Other guidelines for the Block II




system included:

1. No inflight maintenance requirement.

2. Provide flexible manual TVC capability.

3. Provide a capability to hold vehicle attitude in two axes while

maneuvering in the third.
4. Incorporate function select switching.

5. Selection of back-up rate will not destroy 8CS lttituﬁe reference.

The program definition phase covered the period from June 4 to August 18,
1964 .

This war & period of cooperative effort between NAA, MIT, and MASA

to determine the feasibility of the Block II approach, establish require-

ments in the interface areas and detail the mechanization.

As a backup to the primary GN&C system the SCS provides stabilization end

control of the spacecraft for rotation, translation,

and SPS thrusting

using

the command and service module reaction engines and the SPS engine

gimbal servo; and it provides the required displays and controls to permit

wcoe888ry crew interface with the controlling elements. The system ig

designed for use in backup to, and for interfaces with the primary vehicle

guidance and control system.

Automatic Control

The capability for attitude hold in ény or all three axes to within the

limits of the system deadband, using

the SM rsaction engines (or the CM

enginaes for the command module - only configuration) is required frox

S-IVB separation up to 0.05g (emtry). Attitude hold capability is providad

in 4xes not being menewvered ia, vhem in rats commend mode.

It is not




2.3.2

required in an acceleration command mode.

Body bending filters for SCS TVC are also included in the SCS. These
filters are used with the SCS automatic TVC. TVC also can be accomplished
by the G&N system using its own filters and supplying guidance commands

directly to the SCS servo electronics package.

The system is also capable of being switched from G&N to SCS during SPS
thrusting without shutting off the SPS engine. The G&N system provides

its own automatic 5PS engine gimbal trim. The G&N system outputs to the
SCS are anaiog SF5 gimpal position commands and discrete on/off commands to
the SPS driver amplifiers for engine ignition control and to the RCS driver

amplifiers for attitude, rate and minimum impulse control.

Manau: Control

The SCS manual rotation control provides the following types of maneuvering:

a. Rate command

b. Acceleration command (at breakout switch positions)

c. SCS minimum impulse command

d. Direct acceleration control (near the stick hard stops)

. Normal manual SMRCS maneuvering rates will probably not exceed 0.85 deg/sec,

though the capability for crew selection of higher rate maneuvering does

exist.

The capability for performing manual maneuvers thru the G&N by using the
SCS manual rotation control is provided; however, SCS proportional rate

control inputs to the G&N system are not provided.
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2.3.3

Manual thrust vector control (MIVC) is provided only by the SCS and is

selectable by axis in pitch and yaw.

Command module maneuvering capability in all three axes is provided up

to 0.05g, and roll maneuvering plus roll, pitch and yaw rate damping is
provided after 0.05g. Roll-rate capability includes maximum possible

rates (50°/sec) for a 180-degree maneuver; that is, accelerate continuously

for 90 degreaes, then decelerate continuously for 90 degrees.

While in an acceleration command mode the vehicle is in free drift, with

no commands present. Also, the G&N system manual minimum fmpulse controller

does not directly interface with the SCS.

Reliabilitx Requirements

The SCS is designed such that no single failure results in the ioss of
spacecraft or crew. Here it is assumed that, for survival-required functions,

redundancy is required either through overlapping G&N - SCS functions or

mechanization within the SCS where applicable.

It is acsumed that the mission success reliability of the SCS is to be

consistent with echievement of the spacecraft electronics system reliability

objective of R = 0.984.

The SCS i designed such that elemental failures do not propagate (cause

additionel failures) within the systenm.

The pilot. can provide attitude control menually in any mission phase if

required. This eliminates the requirement for a redundant automatic attitude

@Iror source.




2.4

Control electronics redundancy is not employed except for the SPS TVC

servo, and mission duty cycle is limited to meet the electronics system

reliability objective.

The gimbal position display and SPS clutch servo electronics are redundant.

NAA supplied functional switching has been incorporated to ensure that no
single element failure in the switching network shall preclude the ability

to select an alternate configuration necessary for survival.

SCS INTERFACES

The SCS interfaces with the following systems:

Telecommunications System - The SCS provides discrete and analog signals

to the TM system which indicate system status as well as various performance
parameters. This information is fed to the ground stations via down-1link

telemetry.

Electrical Power System - The Electrical Power System provides the primary

power for SCS operation. The SCS devices utilize 28 VDC power from the
MN A and MN B busses as well as 115 VAC 400 hz three-phase and single-phase

power from the AC 1 and AC 2 busses.

Environmental Control System - The water-glycol solution from the Environ-

" mental Control System is fed thru the cold plates on which the SCS devices

are mounted. This enables heat to be transferred from the SCS assemblies.

Sequential Events Control System - The SECS provides abort switching and

receives manual abort switch closure from the SCS. The SECS also provides

snable~disable cbntrol for the SCS reaction control drivers.




Entry Monitor System - The SCS provides signals to the EMS which drive

the Roll Attitude Indicator to display spacecraft roll attitude during
the entry phase of the mission. The EMS AV counter provides a discrete

SPS engine off command to the SCS to end a thrust maneuver.

Primary Guidance Navigation and Control System - The SCS interfaces with

the Inertial ﬁeasuring Unit (IMU), the optical and inertial Coupletinatn
Units (CDU), the Command Module Computer (CMC) and the Inverter of the
PGNCS. The IMU provides pitch, yaw and roll total attitude information

to the SCS for display. Attitude error signals are provided to the SCS

via the inertial CDUs for display. The CMC provides RCS on-off commands
and SPS on-off commands to the SCS for control of the reaction jets and

the SPS thrust engine respectively. TVC servo commands are supplied via
the optical ¢DUs to the SCS for automatic thrust vector conmtrol. The CMC
accepts discrete translation and rotation commands from the SCS manual
controls. The SCS also provides spacecraft pitch, yaw and roll rate infor-
mation to the CMC in a backup configuration, which the CMC could utilize to
generate attitude error information. The SCS receives an 800 hz reference
signal from the PGNCS Inverter which is utilized in the mechanization for
driving the FDAI displays.

Reaction Control System - The RCS contains 16 SM reaction jets and 12 CM

reaction jets. Each reaction jet is operated by 2 two-coil solenoid valves,
one valve for fuel control and one valve for oxidizer control. The SCS
provides on-off commands to the two sets of coils for each reaction jet.

One sat of coils (automatic) is controlled by an electronic switch (solenoid




driver amplifier)., The second set (direct) is controlled by switch
closures in the SCS hand controllers. The command algﬁah to the autcmatic

coils can originate in either the PGNCS or the SCS.

Service Propulsion System - The SCS interfaces with the propulsion engine

solenoid valves and the gimbal actuators of the SPS. The SCS provides

thrust on-off commands to the solenoid valve coils which can originate

in the PGNCS or the SCS and EMS. The SCS provides servo commands tc the

gimbal actuator magnetic clutches to control the pcsition of the SPS
engine in pitch and yew. These commands can originate in the PGNCS or
the SCS. The gimbal actvator supplies rate and position feedback signals
to the SCS. The gimbal actuator also provides s Fail Sense signal to

the SCS if the No. 1 actuator motor draws excessive current.

Launch Vechicle Propellant Pressure Transducers - The SCS receives signals

from the S-11 fuel pressure transducers and the S-IVB fuel and oxidizer

pressure transducers for display purposes.

Communications System - The SCS provides a Push-to-Talk trigger switch in
each of the Rotation Controls which interfaces with the spacecraft commun-

ications system.

SCS HARDWARE
The individual assemblies contained in the Stabilization and Control System
are shown in Figure 2.1. The basic functions of each are described here.

A more detailed description of the devices is provided in Section 3.
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SCS FLIGHT HARDWARE
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THRUST VECTOR POSITION
SERVO AMPLIFIER
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Reaction Jet and Engine ON-OFF Control {RJ/EC) - The RJ/EC contains the

solenoid drivers and logic circuits necessary to control the reaction jet

automatic solenoid coils and the service propulsion engine solenoid control
valves and relays, as well as related monitoring, isolation and voltage

scaling required for solenoid driver telemetry signal conditioning.

Xlectronic Control Assembly (ECA) - The ECA contains the circuit elements

required for summing, conditioning and switching the rate and attitude error
sensor signals and the manual input signals necessary to maintain backup

stabilization and control in all axes (pitch, yaw and roll) for thrust vector

and attitude control.

Electronic Displsy Assembly (EDA) - The EDA contains the signal conditioning

and logic circuits necessary to provide the proper signals to the displays

as well as the monitoring, isolation and signal conditioning for telemetry

of the display signals.

ro Display Coupler (GDC) - The GDC provides the interface between the
body rate sensors and the displays to give an accurate readout of spacecraft

attitude relative to a given reference coordinate system.

. Thrust Vector Position Servo Amplifier (IVSA) - The TVSA provides the

electrical interface between the command electronics (SCS or G&N) and the

gimbal actuator for positioning the SPS engine, as well as the monitoring,

isolation and voltage scaling required for telemetry outputs.

Gyro Assembly (GA 1 and GA 2) - Bach GA contains three sensing elements
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(body mounted attitude gyros) and the electronics necessary to provide
output signals proportional to angular rate or to angular displacement for

each of the three body axes as well as related gyro electronics.

Flight Director Attitude Indicator (FDAI 1 and FDAI 2) - The FDAIs provide

the crew with a visual display of spacecraft attitude, attitude error and

anguler rate information.

Gimbal Position and Fuel Pressure Indicator (GP/FPI) - The GP/FPI provides

a redundant display of the service propulsion engine pitch and yaw gimbal
angles and a means of introducing manual trim of the engine gimbals. The
indicator has the alternate capability of providing a display of S-II or

S-IVB fuel and oxidizer pressure when those stages are attached.

Attitude Set Control Panel (ASCP) - The ASCP provides a means of manually

establishing an attitude reference coordinate system and a visual readout

of the coordinates commanded.

Iranslation Control (TC) - The TC provides a means of exercizing manual
control over rectilinear motion of the spacecraft in both directions along
the three body axes. It also provides the capability for manual abort

initiation during launch and transfer of spacecraft control from G&N to SCS.

Rotation Control (RCl and RC2) - The Rotation Controls provide means for

exercizing manual control of spacecraft rotation in either direction about
its three main axes. The RC may be used for manual thrust vector control
in pitch and yaw. It also provides the capability to control spacecraft

communications with a press-to-talk trigger switch.
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Figure 2.2 provides a view of the CM lower equipment bay and shows the

location of the SCS sensors and electronic assemblies. Provision for
mounting a Rotation Control at the Kavigation station is also indicated.
The astronaut couch armrests have mounting brackets for the Translation
Control and Rotation Controls. The FDAIs, GP/FPI and ASCP are mounted

on the control panel in front of the astronauts.

SUMMARY OF SCS FUNCTIONAL EEQUIREMENTS

General
The 8C8 hardware performs the following four basic functioms:

a8) Provides the capability to sense and display an attitude roference.

b) Provides for attitude and translation control of the vehicle during
non-thrusting periods using vehicle reaction jets.

¢) Provides for attitude control while thrusting by control of the SPS
engine gimbals.

d) Provides for ignition control of the SPS engine.

The SCS contains the filtering, shaping, logic and other electronics necessary

to mechanize the above capabilities.

Detajiled
" The SCS in conjunction with the MR furnished switching and the EMB display
perforas the following functions:
a) Permits control and'hq;d of spacecraft attitude by meens of sutomatic
commanids from the G&M system through the 8C8 driver amplifiers, or holds
attitude using the 5C8 attitude referemce. -
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b) Provides ‘' . controi of spacecraft sttitude with menual iétation
contréll in the following éonfi.urationo:
1) Proportional rate commends through the SCS system.
2) Accsleration commands through the G&N system or the SC5 system.
3) Minimum impulse commands through the SCS system.
4) Direct control to the reaction jet solenoids.
c) Displays the spacecraft attitude as follows:
1) Vehicle attitude with respect to inertial space in three axes
utilizing information from the G&N system Inertial Measurement
Unit (IMU) or the SCS Gyro Display Coupler (GDC).
2) Vehicle roll attitude about the spacecraft emtry roll axis utilizing
information frum the GDC,
d) Displays error in spacecraft attitude from one of the following scurces:
1) The G&N system through the G&N CDUs.
2) The difference between a mlnual'set in attitude and G&N IMU inertial
orientation.
3) The error as computed by the G&N CMC from digital body axis rate
signals generated by the SCS8 GDC.
4) SCS uncaged attitude gyro outputs.
5) The difference between the Euler attitude integrated by the GDC
and the set in attitude converted to body axis.
e) Displays spacecraft angular rates about the following reference axis:
1) Each of three spacecraft body axes.

2) The spacecraft roll and pitch body ewes and the entry yew axis .

following 0.05g switch actuation.
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£)

g)

h)

1)

1)

k)

1)

n)

Provides for manual translation control in six directions through
either the G&N system or the SCS system.

Provides for rotational rate stabilization of the spacecraft with the
SCS system. |

Provides for manual ullage maneuver.

Permits the following four methods of thrust vector control throngh
the SCS servo amplifiers:

1) Automatic commands from the G&N CDUs.

Z) Automatic controi from the 5CS. * (8%CS AUTO TVC)

3) Manual control from the SCS with rate damping.  **{MIVC)

4) Manual control from the SCS without rate damping. *(MIVC)

.%* used with and without LEM vehicle attacbed.
** used only without LEM vehicle attached.

Provides for manual trimming of the SPS engine gimbals prior to thrusting

when the SCS is in contrel of TVC,

Provides for display of engine gimbal angles or the display of S-II and

S-IVB bcoster propellant pressures.

Permits automatic G&N ON-OFF control of SPS enjine thrust.

Provides bod& mounted gyros (BMAGs) to be used as a backup attitude

reference system and toc provide rate stabilization.

Provides a capsbility to dial-in information in the feclloying configur-

ations;

i) Three axis attitude information for use with the display of error in
spacecraft attitude.

2) Three axis attitude information for use in the alignment of the SCS

Gm.
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P)

3) Redundant entry roll axis attitude information for alignment of
the entxy roll attitude.
Provides the SPS engine with a redundant SCS manual start and automatic
turn-off capability.
Provides digital pulses proportional to roll axis attitude change during

entry to the EMS roll angle display.
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SECTION 3

SCS HARDWARE DESCRIPTION

3.1 Controls and Displays
The 8CS provides the following controls and displays which allow the
astronauts to exercise manual control over the spacecraft and also
provide them with visual feedback for the purpcse of monitoring various
parnneter; while the S/C is under automatic or manual control:
Rotation Control (RC) - 2 each
; Translation Control (TC)
Flight Director Attitude Indicator (FDAI) - 2 each
Attitude Set Control Panel (ASCP)
Gimbal Position/Fuel Pressure Indicator (GP/FPI)
The controls and displays are compact, highly reliable, simple to

operate end capable of withstanding the rigorous artificial environment

of outer space.

3.1.1 Rotation Control - CGl66

The system contains two identical threa-axis Rotation Controls. The

controls are connected in parallel to provide redundancy without switching.

" Rumctjons
The Rotation Controi allows the sstronaut to manually insert co-nlnal
to contr-1l the rotstion of the spacecraft about each of its thres axes.
The commands can be routoﬁ through several nlterﬁntc control channels

which are sslectsble by the astronaut through Control Fanel switching.




The commands inserted by the astronaut are ultimately used to control
S/C rotation by (1) firing the proper RCS engines (pitch, yaw and roll

control) or (2) positioning the SPS engine to control the direction of -

thrust (pitch and yaw control).

The Rotation Control also has a push-to-talk switch (Communication

subsystem interface) which is unrelated to vehicle control.

Mounting

Hounting brackets for the Rotation Lontrols are located on the couch
armrests and at the NAV station in the lower equipment bay. The
Rotation Control is provided with a tapered female dovetail on each

end of the housing for mounting purposes (see Figure 3.1), When attached
to the armrests, the command input axes are approximately parallel to the
geometrical axes of the spacecraft. The Rotation Control electrical
interfaces are made through its 180 inch cable. The long cable allows
either control to be mounted at any of the mounting locations. The

maximum weight of a Rotation Control is 10 pounds.

Mechanical Features

The Kotation Control contains a spring-restrained handgrip which is free
to move in either direction about each of the three orthogonal axes cor-
responding to the S§/C roll, pitch and yaw axes. The handgrip is contoured
to allow a firm grip (and thus optimum control capability) with either hand.

The handgrip can be displaced from its springloaded null position es

indicated in Figure 3.2. To insert a yaw command, the grip is displaced
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about an axis which is the centerline of the grip. A pitch command

is applied by displacing the grip about an axis throu‘h the palm of
the hand. To command an attitude change of the 8/C about the roll
c;il the grip is displaced about an axis below the i.snd perpendicular
to the grip centerline (in the plane of the forearm). Commands can

be inserted for any combination of axes simultaneously.

Tha springs which return the grip to null are preloaded, so a finite
torque is required to cause an appreciable displacement. As the grip

is moved from null, (in either direction about any axis), the restrain-
ing torque increases in an approximately linear manner to a soft-stop

at 10 degrees. A finite increase in torque is required to move the grip
beyond the soft-stop. Displacement of the grip is limited to 12 degrees
by a positive mechanical stop called the hard stop. The spring constants

in each axis are designed to provide optimum control capability.

Each Rotation Control contains six SPST NO breakout (BO) switchas, two

in each axis. Roéation of the grip through 1.5 degrees in either direct-
ion about any axis will actuate one of the switches. Euch Rotation Control
alsoc contains six equivalent DPST NO switches. These switches are

. actuated by displacing the handgrip through 11 degrees (between the

softstop and hardstop).

A Rotary Linear Voltage’D{fferential Iransformer (RLVDT) is contained in
each axis of the RC. The RLVDTs provide anslog output signals proport-

ional to the magnitude of the handgrip displacement.
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A SPST NO Push-to-Talk switch is located in the handgrip. This
trigger switch is actuated with the index finger to engsge the 8/C.

intercom.

Provision is made to mechanically lock the handgrip in the neutral posi-
tion. Two locking handles are linked together and allow the handgrip to
be locked or armed from either side of the RC. The locking mechanism
does nct affect the Push-to-Talk switch. An equivalent DPST NC switch

is actusted when the locking handles are placed in the LOCKED position.

Electrical Interfaces

The electrical interfaces of Rotation Control No. 1 (RCl) are indicated
in Figure 3.3. RC2 has identical interfaces excepé as indicated. 28 VIC
power is supplied from the Rotation Control Power Switch (separate switch
for RC2) to the ARMED contacts of the locking switch. When the handgrip
is displaced 1.5 degrees from null about any of the three axes, the
proper BO switch is actuated, providing a 28 VDC discrete signal to the

devices indicated.

The RLVDTs receive 26 volt 400 hz AC1l (AC2 fo~ RC2) power through the
Rotation Control Power switch from a stepdown transformer in the ECA.
The RLVDT outputs are proportional to the handgrip displacements ;n
their respective axes. An in-phase signal ir provided for positive
rotation commands, while negu;ivc rotation commands yield a T - phase
signal relative to the excitation. The direct switches receive 28 VIC

power from the Control Panel 1 Direct Rotation Control Power switch
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3.1.2

(separate switch for RC2). When the handgrip is displaced 11 degrees
from null about any of the three axes, the proper direct switches are

actuated, providing 28 VDC to the direct RCS solenoid coils and a

disable command to the RCS logic in the RJ/EC.

Translation Control - CG1l60

The system contains a single Translation Control with built-in redund-

ancy.

The Translation Control provides the means for inserting manual trans-
lation commands into the control systéﬁ to fire the proper RCS engines.
Any combination of commands for translation along the S/C 4 X, T Y and
Ttz axeg can be inserted simultaneously. The Translation Control also
provides the capability to:

(1) initiate a manual launch abort

(2) transfer from G&N to SCS control of the S/C

(3) transfer from SCS Automatic to Manual TVC

(4) transfer from gimbal servo channel No. 1 to No. 2

Mounting

The Translation Control is provided with a tapered female dovetail. fhil
dovetail mates with mounting brackets on an srmrest or at the left side
of the NAV station in the lower equipment bay. When attached to the arm-
rest, the T-bar grip is approximstely normal to the armrest. The TIC

is mounted with its axes of operation approximataly parallel to the
three slc'axc-.




Mechanical Features

The TC consists of a spring-restrained T-bar handgrip, which is moveable
in four axes, mounted on an environmentally sealed enclosure (see Figure
3.4). The maximum weight of the TC is 5 pounds, 11 ounces. The three
principle degrees of freedom are in and out, up and down and left and
right. When mounted in the S/C, movement of the T-bar generates commands
to pro#ide translation of the S/C in the corresponding direction. Motion
of the T-bar handle is restricted to 0.5 inches in any direction from
neutral. Swiiches, actuated at a displacement of 0.35 inches from
neutral, provide the means for applying control signals to cause
translation of the S/C. A center detent action is provided so that

a force of approximately 1.5 pounds is required to obtain appreciable
motion of the handle. Spring restraining forces have been engineered

to provide good "feel" and smooth control.

The fourth degree of freedom of the control is one of rotation sbout the
X-axis. It may be rotated 17° CW or CCW. The rotary motion features a
detent at the center position and one at each extreme of its CW sand CCW
motion. Separate switches are actuated at 34 degrees displacement ( a
DPST NC switch for CCW rotation and two SPST switches, one NO and one

NC, for CW rotatiomns).

A slide-actuated mechanical locking mechanism is located above the T-bar
handle to pravent inadvertent actuation. All motions, except the rotary

motion of the T-bar handgrip, are inhibited when the mechanism is in the

LOCKED position.




TRANSLATION CONTROL

FITJRE 3.4
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Electrical Interfaces

All electrical connectiona are made through two connecﬁart attached to
the single 7.5 foot TC cable (see Figure 3.5), MN A and MN B 28 VDC
pover is supplied to the redundant poles of the six DPST switches

(one for each translation direction) through the CM/SM TRANSFER
mcor-driven switch and through the separate comnectors. The redundant

outputs are supplied through bus isolatio: resistors to the CMC and RJ/EC,

Rotating the TC T-bar handle CW closes the NO switch to supply 28 VDC
logic power to the ECA and RJ/EC which enables the SCS, and to the TVSA
for a transfer command from gimbal servo system No. 1 to No. 2 and the
SCS erable command. The CW rotation also opens éhe NC switch which

inhibits G&N contzol if the SC CONT switch was in the CMC position.

A manual abbrt is initiated by rotating the TC handle CCY, supplying

Entry Battery power through the redundant connectors and NO switches to

the Sequentisl Events Controi System.

3.1.3 Flight Director Attitude Indicator - JG264

The system contains two identical FDAIs. FDAI 1 is mounted in Control

Panel No. 1 and FDAI 2 in Control Panel No. 2.

The FDAIs provide the astronauts with a vigual display of the 8/C attitude,
attitude rate and attitude error in each of three orthogonal exes. Control
Panel switching allows the astronaut to display this informstion on either

or both FDAIs from alternate sources. Power and control signals for the

3-11
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FDALs are supplied through the Ziectronic Display Assenbly. Pigure

3.6 provides a front view of an FDAI.

The FDAI presenis "inside looking out" attitude information through an
easily-read, 4.5-inch dismeter, three-axis ball gimbaled inside to outside
in the orqet pitch, ynﬁ end roll. The ball has continuous and independent
freedom of metion about each of the three orthogonal axes. Pitch and yaw
reedouts are made against a fixed cross hair end drone marker centered in
front of the ball. Roll attitude is indicated by a poimter (roll index)
against a circular scale around the periphery of the ball. ERach axis is

positively-controlled by a servo drive consisting of a servomotor, resolver

and gear train,

The cttitudé indicator functional mechanization is the same for all three
axes. The objective is to positicn the ball to the same angle as the
source resclver for each axl!s. The source resolver provides AC signals
proportional co the sine and cosine of the resolver angle to the FDAI
resclver. The FDAI resolver cutput is proportional to the diffezence
between the source and FDAI resolver angles. This error signal is

. conditioned in the EDA to drive the FDAI motor-velocity generator which

positions the FDAI resolver to null out the error signal.

. The VG provides a feedbick signal to ensure stebility of the servo loop.
A pictorial representation of the FDAI/IMU gimbal relationship is given

in Figure 3.7. The torque motors drivec the IMU gimbals to keep the
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platform inertially fixed in space as the S/C attitude changes. Hence

the IMU gimbal angles describe the S/C attitude relative to the platform
inertial reference. The IMU gimbal resolver outputs to the respective
FDAI resolvers are shown here by single'lineo. The euler error signals
(difference between IMU and FDAI resolver angles) are fed from the FDAI
resolvers to the respective servo amplifiers in the EDA to étive.tha
propexr FDAI motoirs until the euler error signals ere nulled. The servo

loop is designed to drive the ball at a max slew speci of 60 degrees per

second.

A portion of the attitude indicator markings described below are visible in
Figure 3.6. The pitch lin2s are great semi-circles which converge at

96° yaw and 270° yaw. The yaw lines are small circles which form parallel
planes on either side of the 0° yeaw plane. The lower half of the ball is
blac and the upper half gray (except the gimbal lock areas). The black-
gray intersection (horizon line) represents a plane passing through 0° and
180° pitch and 90° and 270° yaw. The red circular gimbal lock areas cover
15 of spherical surface from their centers located at 90° and 270° yaw.
Major pitch and yew lines are provided and marked every 30°. (The last zero
on each number is omitted). As the bzll is rotated about the pitch axis
all nuﬁbérs appear right siée up to 5 stationary observer. Major tic
graduations appear every 5° between the pitch and vaw coordinate lines.
Minor tic graduations appear every 1° on each hemisphere along the 0° yaw
plene and ot top of the horizon plane (0° ard 180° pitch) fé# 0° 330 yaw.

Scale marks are provided every 5° on the roll besel ring. Rsil attitude




is read at the position of the roll index (white triangle with black tri-
angle inside). 0% roll is at the top (12 o'clock position). Positive
roll attitude chamges cause the roll index to move counter clockwise.

Hence the 3 o'clock position looking &t the face of the FDAI represents

270° and the 9 o'clock position 90° roll attitude.

The body axis symbol, against which pitch ard yaw attitude are read off

the ball, consists of a drone with cross lines. The intersecting lines

inside the drone are yellow. Extensions of these lines through the

wings and tail of the wh!te drone are black and provide mounting support

for the drone to the roll bezel ring.

Motion of the ball within the FDAI case, as observed by the astronaut
looking into the FDAI face, will always be in a direction opposite the
motion of the spacecraft. If the S/C pitches nose up the ball is driven
down. Rotation of .ae S/C nose tc the right results in the ball being

ariven te the left. Likeswise, a CW roll of the S/C causes the ball to

rotate CCW.

Attitude Error Display

The attitude er-or indicators consist of three sow-shaped pointers posi-

. tioned by servometric mechanisms located in the rear of the case. These
error pointers curve ia front cf the ball and are read with respect to
the fixed attitude scale marke on the periphery of the ball. The indicator
scales (roll at the top, pitch to the right and'yau at the bottom) represent

zero at the center marks of each scale. The pitch and yaw graduation




marke are located at null, ¥ 1/3 full scale, ¥ 2/3 full scale and ¥ full
scale. Full scale values are gelectabla at 5° or 15° attitude erroxr by a
control psnel switch. Roll graduation marks are located at null, L § 1/2
full scale, and ¥ full scale. Full ucaie values of 5° or 50° roll
éttitude error aré selectable. The sceale marks sre white on a black
background. fhe pointers are yellow. The attitude error 1ndtca£orl are
sometimes described as having "fly to" needles or‘pointets. (The attitude
error polarities for each scale are indicated in Pigﬁre 3.6), This
description is appropriate because the sttitude error can be reduced by
inserting & command through the Rocatiﬁn Control to move the $/C towsrd
the error pointer, i.e. if the pitch error pointer is above the null mark,
(regative attitude error) moving the RC handgrip such that the knuckles
move up will cause the 8/C to pitch up and thus cause the attitude error

pointer to move towards null. An analysis of the yaw and roll axes yields

similar results.

At:itude Rate Display

The attitude rate indicators consist of three biack triangular-shaped
pointers (one each for roll, pitch and yav rate) positioned by servo-
metric mechanisms. Readouts are made against individual rate scales.
The scales have graduation merks at null, ¥ full scale and at 1/5 full
scale increments. Full scale values for pitch and yaw rsate of 1, 5, or
10 °/sec are -clectable. vwhile values of 1, 5, or 50 ©/sec are provided

foT roll rates. The black puinters are 111houuttod.a;nlnot the white

electroluminescent lamp background. The graduation merks sre white on
2 black background.

3-13
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The anguler rate indicators also provide the astrcnaut with’"fly-to"
indicacions. '"Fly-tc" commands made with the lotatioﬁ Control reduce the
rates toward null in the same manner as described for the attitud: error
indicacor. If the objective 1nvto reduce the attitude error in}a
patticular axis to zero, it is necessary to null the rate indicator in

that axis at the time the attitude error indicator is &t null,

Case Structure

The case is machined from forged aluminum. The cylindrical case provides

the requ‘red mechanical strength with the lowest possible weight ( 9 pounds
maximum)., The glass window, which is coated with a reflection reduciag
coating, is retained in the case with a semi-rigid epoxy. The aluminum
rear cover contains a molded-in gasket, a fill hole and four locked-in

type studs for attaching the S/C coldplate to the device.

A round header with attached lead wires is soldered to th: case. The
wires are separated into two bundles, each covered with silicone tubing.
The header is potted for humidity protection and strain relief. The con-
necters have rubber seals with undersized holes (for humidity protection)
through which the individual lead wires are fed. There are four mounting

lugs on the outside front of the case for mounting the device to the S/C

Control Panel.

Some basic construction features of the FDAI are included in thz following

peragraphs which require reference to the assembly drawing JG2




Ball and Yoke Assevbly

The ball structure consists of a round (diameter of the ball) narrow

fiame on which are mounted the pitch and yaw resolvers. motors and gear
trains. The pitch resolver and motor afe mounted at right nngles to

the frame and the two heciaispheres are coupled to the double-éndéd resclver
shaft, one ditectly and the other through a pin and couplfhg. The yaw
resolver and motor are mounted parallel to the frame and the resolver is

directly coupled to the yaw axis pivot point.

The ball frame (with the hemispheres) is attached (gimbaled) in the twc
piece‘yoke casting. The yaw axis slip ring asscmbly, ceantalnin
bearing, is at one of the pivot points. The outer race of the bearing
is attached to the yoke and the inner race to the frame. At the other

pivot (ball bearing) a gear is rigidiy attached to the yoke. This gear

is meshed with the yaw gear train.

The roll axis slip ring assembly (also cont«ining a ball bearing) is

att?ched to the rear of the yoke. The inner race of the bearing is

att;ched to the yoke, the outer race to the rear support. The yoke is
supported and pivoted i front by a 5 inch diameter ball bearing assembly,
which is mounted in the bearing support. Four 3-3/4 inch standoffs

attach the front bearing support to the rear support. Both front and rear
supports sre attached to the case. The roll axis resolver, motor and

gear train are mounted on a gear plate whicn is attached to the rear support.
The resolver shaft is directly coupled to the roll axis slip zing assembly

ball bearing inner race.
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Servometric Meters

Servometric meters ate_ulcd (rather than gclvanonnttiﬁ) for the attitude

error and rate indicators for several reasons. They are more accurate,

more reliable, lighter, more resistant to vibration and use lese, space.
The dynamic characteristics (respouse time, overshoot, etc.) of the

servometric indicators are accurately controlled by the design of their

servo loops.

A servometric indicator consists of a torquing coil, pointer, and a
£¢cdb¢§k potentiometer. The scaled and conditioned DC attitude error
or rate signal is fed to the servo amplifier (located in the EDA),
The amplifier supplies a DC current to the torquer coil, driving the
shaft to which are attached the pointer and the feedback pot wiper.
Negative feedback is supplied to the servo amplifier by the feedback
pot wiper. The shaft is thus held in the position necessary to keep
tae sum of the input and feedback currents to the servo amplifier at
null. When not powered, the indicator will not show a null, but will

remain at the position commanded at the time power is removed.

The six attitude error and rate servometric meters are attached to the
rear frame of the FDAI. Two meters are attached to each of three sides
of the rear support. The two meters on each side are mounted in tandem
with the front meter mounting plane stepped down apd the rear meter
slightly overlapping it. The six pointers viesible &t the fsce of the
FDAI are attached to the meter armatures by two-section tubular memivers

which are kept rigid by tension wires withia the tubes.

3=-21




Electroluminescent Lighting
White electroluminescent lighting (EL) provides illumination of all
display elements in the FDAI. EL illumination is uniform, glare-

free, requires low power, and enhances reliability due to its freedom

from catastrophic failure.

The EL lighting transformer is mounted on the rear support of the FDAI.
Tiils transformer provides power to all the FDAI lamps. The maximum

lighting power consumed by the lamps is 4.5 volts.

A conically shaped 4.5 inch diameter EL lamp is attached to a ring frame
which is mounted on the front bearing support. The center of the lamp
is about 1/2 inch back from the front of the ball. This lamp illuminates

a portion of the ball. (The roll attitude scale and the drone are also

attached to the ring frame),

A larger diameter, similarly shaped EL lamp is mounted on another ring
frame attached to the first. The center of this lamp is about 1/8 inch
ahead of the ball. This lamp lights the ruil attitude scale, the error
scales, and the roll index. (The sttitude error ecales sre mounted omn

standoffs to the front of the roll attitude bezel ring).

Three white and black painted translucent attitude rate scales are

attached to the above mentioned EL lamp frame. Three EL lamps behind

the rate scales illuminate the scales.
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Another frame containing a cylindrical EL lamp arovad the periphery of

a 4.5 inch diameter, .5 inch thick two-piece acrylic lighting wedge is
attached to the above mentioned fraume. The lighting wedge reflects the
light from the EL lamp surrounding it t6 illuminate the front of the ball,
vhe drone aud the error pointers. A mask which outlines the indicator
scales is attached to the case between the lighting vod‘i and the glass

window to prevent extraneous glare from reaching the viewer.

Attitude Set Control Panel - CCl6l

The ASCP shown in Figure 3.8 is mounted in the lower left corner of control
penel 1 with four bolts. The display is designed to provide maximum
readability from the nominsl viewing position which is at & 22 inch
distence and an angle of 40° to 46° from the normsl to the panal in s

vertical direction upwerd. Figure 3.9 depicts the estronsut's view of

the ASCP face.

Tuncgion
The ASCP provides the mseng for msnuslly inocer-ing desired sttitude

informstion into the SCS syitem 10 the foram of three engles. The ASCP
receives signals which represent the actusl ettitude of the spececreft
relative to an erditrery isertisl (fimed) reference frems. Output
oighels sre provided which represeant the sttitude erter or the difference
Mdiéz!o th- oztuel eud dosired total ettitude of che specectaft. These
output signals cen e used (1) to drive the sttitude errer wsedles o
either FDAL, providiag the setremsut vith & vieusl fadisstion of the
spacacraft sttituds exror, and (1) to elign the GBC te ¢ fined reference

freme.
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ATTITUDE SET CONTROL PANEL




\he -

ASCP FACE FORMAT (As Viewed From 45 Degrees)
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The ASCP provides the means for manvally positioning a resolver for each of
three axes with a thumbwheel. These resolvers are mechanically linked to
indicators which provide visual feedback to the ult:onaut‘of the command
attitude angles which he manually dial; in. The input signals to the
attitude set resolvers are four wire resolver outputs from the IMU or

GDC. The input signals are sine and cosine functions of the IMU or GDC
attitude in each axis. The attitude error output signals are sine func-
tions of the differences between command attitude (positions of the
attitude set resolver rotors) and the actual attitude (positions of the

IMU or GDC transmitter resolver rotors).

Mechanical Features

The ASCP case is machined from forged aluminum. Electrical access for
system operation is made through two 19-pin connectors and 24 inch cables.
The maximum wgight of the ASCP including connectors and cables, is 3 lbs.

6 oz. The basic elements of the ASCP are the case, 2 connectors, 2 cables,

3 thumbwheels, 3 counters, 3 resolvers, 3 gear assemblies, and 9 electrolum-

inescent lamps.

Custom anti-backlash gears and precision resolvers are used to provide »a
position accuracy of 0.1 degrees. Dual friction brakes are used to pio-
vide constant thumbwheel torque and greater stability under vibratiom.
The force required to rotate the thumbwheels is 10 ¥ 5 ounces vhile o

asximus of 36 ounces is required initiste rotation.
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The counters indicate resolver angles in degrees from elect?icnl zero

and allow continuous rotation from 000 thru 359 to 000 without reversing
direction of rotation. The counters display three digits, with zradua-
tions svery 0.2 degrees at the unit digits. The pitch and roll indicators
are marked continuously between O and 359.8 degrees. The yew indicator

is marked continuously from 0 to 90 degrees and from 270 to 359.8 degrees.
Only the unit digits and 0.2 degree graduations asppear between 90 degrees

and 270 degrees except that the 180 degree number is marked.

The counter readings increase with.upward rotation of the thumbwheels.
The thumbwheel gearing is such that one revolution of the thumbwheel
will produce a 20 degree change in the resolver angle and a corresponding
20 degree change in the counter reading. The thumbwheels are recessed

into the front panel to prevent accidental movement.

Each counter readout is floodlighted by two EL lamps and the nomenclature

(ROLL, PITCH & YAW) is backlighted by separate EL lamps.

Electricel Interfaces and Interconnections
115V 400 hz variable lighting power is supplied to the nine electroluminescent
lamps which backlight the PITCH, YAW & ROLL nomenclature and floodlight the

counter réadouts. The maximum lighting power consumed by the ASCP lamps

is 1.75 watts.

The input signals to the ASCP synchro resolvers are four-wire trazsmitter
resolver outputs of either 800 hs, 26 VAC maximum amplitude or 400 hz,

10 VAC maximum splitude. The output signals are related to the sttitude
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error by the equation
e output = E gin B,
where E is a maximum value of 49.6 VAC for an input of 26V, 800 hz or

19.1 VAC for an input of 10V, 400 hz and B is the attitude error.

The ASCP resolver inputs originate in the IMU or GDC, but are enabled
and disabled by relays in the EDA. The attitude error outputs are

supplied to both the EDA and the GDC.

Gimbal Position/Fuel Pressure Indicator - JG261

The GP/FPI shown in Figure 3.10 is monﬁted in the low center position of
control panel 1 with four bolts. The nomenclature for the scales and the
thumbwheels is located on the control panel. The GP/FPI vertical scales
are designed for maximum readability and minimum parallax error. The
nominal viewing position is at a 22 inch distance from the GP/FPI face.
The range of optimum viewing points are between angles of 20° and 45°

from the normal to the panel in the vertical direction upward.

Functions

The GP/FPI performs three functions:
. displays the angular position of the SPS pitch and ysw gimbals
o Provides a means of manually positioning the pitch and yaw

gimbals prior to thrusting

. displays the fuel pressure of the SII booster and the fuel and

oxidizer pressure of the SIVB booster
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Pitch and yaw gimbal position is displayed by redundant servometric meter

movements. Two movements in each axis respond to gimbal positiun signals

from separate control loops in the EDA. The gimbal position indicator
displays gimbal position angles between +4.5 and -4.5 degrees in both

the pitch and yaw axes.

Two thumbwheels, one for pitch and one for ysw, are provided to menually
trim the gimbel position. Esch thumbwheel is mechanically coupled to
two electrically isolated potent. ometers which convert thumbwheel angular

position into electrical signals f.r gimba. ~ositioning purposes.

The servometric meters used to display gimbal position for pitch and yaw

are also used to display fuel pressure of the SII booster and fuel and
oxidizer pressure for the S8IVB booster respectively. The fuel pressure

displays indicate pressures in the range of 0 to 50 pei.

Mechanical Features

Electrical access for system operstion is made through two 19-pin com-
nectors end 15.5 inch cables. The msximum weight of the CP/FPI including
connectors and cables s 2 1bs. 14 oz. The basic elements of the GP/FPI1
are the case, 2 gimbal trim assemblies, & servometric meter sseesblies,

5 alectroluminsscent lamp-scele sssemblies, 2 conmnectors and 2 cables.

The force required to rotate the trim comt:iols is 10 b4 3 ounces ot the
thumsbvheel surface whila & msximum of 32 ocunces (s required 2o in'tiete

rotation.
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The transparent surfaces of the indicator face are coated with enti-

glare and reflection-reducing materials.

ctrical nterfaces and Interconnections

115V 400 hz variable lighting power is supplied to the five electrolumin-
escent lampe thru the control panel 8 integral lighting rheostat. These
lamps consume a maximum power of 0.75 watts. The other powver consumption

of the GP/FPI is included in that specified for the EDA.

The GP/FPI receives four separate DC signals to drive the torquer coils
and +15 VDC reference power for the servometric mater feedback potentio-

meters from the EDA. The potentiometer wiper voltage Ls fed back to the

The GP/FPI receives +15 VDC end -15 VDC reference voltages for the four
gimbal trim potentiomsters (two in each axis) from “he TVSA. The pot-
entiomster viper voltages, which are proportional to the thumbwhesl

settings, are fed back to the TVSA for gimdal positioning purposes.

EECIRONIC ASSEMBLIES

The SC8 system electronics is contained in the following assemblies:
Gyro Assembly ( 2 Units)
Gyro Display Coupler
Electronic Display Assembly
Rlactronic Contrél Assembly
Resction Jet & Engine ON/OFF Coatrol Assembly
Thruet Vector Poeition Servo Amplifier Assembly




Tn general, each SCS assembly is complutely independent of the

other except for signal flow interfaces. In many cases, component
designs used in Block I have bee¢n adapted and improved, where possible,
for use im Block II. New component designs have been mede where system
requirements have changed or where significant improvements in weight,

power consumption, or reliability were possible.

A reduction in weight and velume was attained by use of hard-wire
(welded matrix layers) interconnected modules inside the units (made
possible by the deletion of in-flight maintenance), use of integrated

circuits (micromin), and electronic switches (when possible) instead of

relays.

The over-all system contains approximately 107 fewer electronics parts
than the Block I system which contained approximately 9500 electronic

and electromechanical parts.

Temperature Control -
Each of the SCS Electronic Assemblies and the FDAI is cooled by conduction

to a cold plate. The bases of the assemblies are machined to precise
flatness requirements to ensure maximum heat transfer between the device
and the cold plate. The SCS devices are designed to meet ell operating
requirements with cold plate surface temperature between 55°F and 127°F.
The coldplate temperature is controlled by the water-glycol solutica
pumped thrpqgh it from the Enviromental Control System. The devices will

elso meet'all cperating requirements during entry when ccolant flow is
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shut off for 2.5 minutes and the coldplate tempersture rises to 160°F.
The SCS devices are designed so each module or aasenbl& within the device

provides a mesns of conducting heat from the submodule or subassembly

directly to the device mounting base.

Maintainability

There will be no in-flight replacement or maintenance of the SCS hardware,
nor any field repair, adjustment or calibration of the devices. The
devices are designed for ease of repair at Honeywell's facility. The
ineteiled SC5 is repairabie by repiacement of the faulty device. Sufficient
signals are brought out to the test connectors to positively isolate a
faulty component. The devices are tested in the berch-maintenance areas

snd returned to Honeywell for repair if failure is verified. The only
access allowed to a device, other than the interface connectors, is the test
connector located under a removable cover. Removal and replacement of SCS
devices can be accomplished with standard hand tools. Any SCS device

can be replaced without electrical alignment, calibration or testing of

the SCS.

Failsafety
The SCS is designed to be failsafe. Failsafe is defined toc mean that a
failure within the SCS will not:
a) propagate and csuse additional functiopal and/or performance
failures snd/or performsnce failures within the affected device,

b) induce a failure in any other SCS devicé,
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affect the function and performsance of a redundant path within

the SCS, or

induce a failure in, or affect the furction and performance of

any redundant path of interfacing spacecraft systeas.

No fuses are used in the SCS. The nced for protection against fsilure
specifically includes; for example, that a feilure in one RCS driver
amplifier and/or associated switching logic will not cause s fsilure in

any other driver amplifier.

Test Provisions

The SCC provides test points, circuitry and signal conditioning required
for operation with Ground Support Equipment, the Telemetry System and
Honeywell Test Sets. Ground Suppor: equipment ccnsists of Honeywell Bench
Maintenance Equipment, Honeywell Component Test Sets, Honeywell Systea Test
Set and the NAR/NASA Automatic Checkout Equipment. The monitoring of $C8
performance after the hatch is closed, during the launch count down, will

be by the Telemetry System only. There will be no SCS GSE umb{licsel

monitoring.

The SCS circuitry provides for parallel type testing by the GSE for
subsystem spacecraft checkout. Tiuls is accomplished by stimulating the
SCS and measuring the responses through the GSE checkout comnectors,
without breaking any interface commections. Test circuitry is provided to:

a) Torque the gyros individually from the GSE in the rate and attitude

configurations;




.20

b) Msasuts the valuse of iaterfece oignsls (imter-component sad ioter-
system) ae required for cotrrect system operatiom iam the opececreft,;

¢} Stimslste csch telemetry signel condiciemer (withost moving the s/c)
through the GSE chechout commector;

d) Verity servo costrol tremsfer redundsacy of the thruet wvector

coatrol eystem.

Laskeging (See 7igure 3.11)

Chagpips - The components of eoch sssembly are contained in & welded sluminmua
elloy enclosure, designed to provids vecuus ecesling end electrics]l comtimuity.
The bese (coldplste mounting surfice) is held to & close fletaess ictamc
end {s protected by & rigid handling plete whea the device is not in uee,
The chessis is bolted to ths coldplate or hemdling plate with & to 10 screws.
The cover ie fitted vith o rubber gesket snd clemped vith bex hasd ecrewvs

to the milled flangs on the chassis to provids en hermstic eeel. Rubbet
geskets sre used ot the commectyr end valve sscling osurfeces for Che seme
purpose.The sesl-off valve is installed to provids s mssas of svecusting

end bockfilling the device vith eu imert etmoephere. A fromt cover plete
(ettechad vith two ectews) cam be removed for eccess to the test coamector

ond sesl-off velve without bresking the hermetic sesl.

Hetulag - The electromic circuitry ia the devices is pockeged ia sodules.
The msdule sise is determinsd by the module frame which is the basic

structurel mesber of sach module. The frems Lo coot olumimmm, cestengules

hohqn.vt:hoﬂunu;&uouu'mumuwmmtsoma
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heat trensfer path to the chassis. The module flanges mstes with channels
provided in the chessis valls. The modules are mounted in the chassis by
two ectowe thtough the fisnge ot the bese of the module end with removadbie

vedges vhich clemp the module sides on the channsls provided in the chassis.

The components ere instelled in the module per the pattern printed on the
.005 inch thick glass epoxy jig vefer. Two jig wafers sre used, one on each
side of the module frama. The cocponents sre mounted directly on the frame |
or suspended in cordwood fashion between the jig wafers. Holes are drilled
ia the jig walers tc per=it the component leads o extend past the jig wafer
fece for commecting to other components. The electricel conmection between
components is made by welding nickel bus wire to the component leads which
is routed per the pattern printed on the jig wafer foce. Component lesds
which interfece vith other modules or with externsl signals do so through

8 four rov multipin hesder sssembly. The pins of the header sre then

welded to @ metrix. Bech q@lc te conformelly costed with sn epoxy msterial

to provide vidretion resistence.

Hatsis - (Iaterconnect Assembly) Two methods are used for internal device
viring. Poiat to point viring is used detween the device connectors and the
astrix sesesblies. Module intercomnections are provided by the one or

tvo metrix assesblies. A metrix sssembly consists of s mstrix and top end
dbottom boerds. The metrix s & multileyer (up to 9 lsyers) arrengement of
aickel busses which sre routed on both sides of & myler wvafer per the printed
pettern. The bussss are routed om both sides to ellow cou&ttm across

the module ss vell es from module to module vtthou‘t croseing the uninsuleted
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3.2.2

nickel bus material. A hole is punched in the mylar to permit welding a

bus on one side to a bus on the other side of the mylar. Multilayers are
required to provide the necessary interconnections as well as tche separation
of various signals to prevent croastalk; The buszes are cemented to the
mylar to prevent shorting of adjacent busses. Insulator wafers sre used
between the layers to Prevent layer to layer shorts. The matrix is bolted
to the module frames and the chassis for rigid support. Where necessary,
the matrix top board has a copper clad on it to provide a heat transfer

Path and a mounting base for the device calibration resistors,

Gyro Assembly - GG362

The SCS contains two identical Gyro Assemblies. Their designations, GAl
and GA2, are determined by their mounting locations in the Command Module
lower equipment bay. The Gyro Assembly senses rotational motion about the.
spacecraft axes and provides scaled signal outputs which provide spacecraft
attitude and angular rate information for display and control of the
spacecraft attitude and anguler rate. When mounted in the spacecraft, GA2
always provides rate information. GAl can be configured, through Control

Panel switching, to provide attitude or backup rate information.

The Gyro Assembly consists of three miniature integrating GG248 gyros (with
their input axes aligned in an orthogonal triad) and associated electronics
in an environmentally sealed case. The theory of operation of the miniature
intergrating gyro is Provided in Appendix I. The construction of the
electronics in the sensor aggemblies is similar to that used for all Block II

devices, and is interconnected by welded buses (matrix intercomnect layer).
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The decision to combine gyros and associated electronics in the same package
was reached when the need for in-flight gyro replacement was deleted, after
consideration of advantages offered by reduced interconnecting spacecraft

cabling, and easier gyro checkout.

The gyro assembly includes externally adjustable drift trim resistors and

a test connector separated from the interface connectors.

To meet operational accuracy requirements, the gyro axes must be maintained

parallel to the spacecraft axes. To make this possible, the mounting and

reference surfaces in the gyro assembly are precisely machined, and the
gyros are aligned by spinning-in (to a minimum electrical null), providing
the most precise input axis slignment possible. The installation of the
gyro assembly must permit final adjustment by means which are compatible
with use of the cold plate. The temperature of each gyro is individually
controlled to the exact temperature at which calibration was made, eliminat-

ing an additional source of error.

The temperature of the bath at which a gyro is calibrated is nominally the
operating temperature of the gyro (t 1°F), The resistance of the temperature
sensor element in the gyro corresponding to this actual temperature is
recorded; and when the gyro igs installed in the gyro assembly, its temperature
control amplifier is trimmed to controi at the recorded resistance within

*0.1°F.

The gyro mounting block is designed such that under any combination of

environmental extremes of coldplate temperature, ambient temperature, gyro

r



warm-up time, and with minimum power consumption, the gyro operating
temperature will be controlled within the required limits. Thermally-
sized epoxy fiberglass inserts for insulating gyros from the mounting

block, and polyurethane hoods for the eiposed end of each gyro are means

used to accomplish this end.

Thermal capability and high density electronic packaging are achieved by

using & heat sink structure for supporting heat-generating components and

transmitting the heat to the coldplate.

Reliebility is enhanced by using advanced welding techniques (such as per-
cussive welding) thus eliminating solder connections, normally a significant
source of reduced reliability because of component damage and variable

quality of joints.

To meet the environmental requirements the gyro assembly i3 sealed and has

a leak rate determined by analysis of the environments including shelf

life andi mission.

To min:mize errors, a senscr installation would have the input axis of the
sengor exactly coincide with the corresponding axis of the spacecraft.
Practically, it is impossible to locate each gyro exactly at the c.g. of
the spacecraft and coincident with each axis. Therefore the sensor is

displaced and its sensitive axis maintained parallel with its correspond-

ing spacecraft axis.

Mounting and alignment surfaces are provided on the base casting for
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positioning in the spacecraft.

Mounting surfaces for the gyros are
priciocly machined, relative to the mounting and alignment surfaces, so
that the over-all error between the gyro sensitive axis end the assembly

mounting surface is less than 10 erc minutes.

The only remsining controllable cause of error is the installation in the
spacecraft. To minimize this error, adjustment sust be provided in the
spacecraft in all three axes. Placement or location of the alignment sur-

feces on the gyro sssembly must coincide with the stops provided in the

- ma e e e om B
spéceciaii.

Mechanical Description

The maximum weight of a Gyro Assembly is 22 pounds, 7 ounces.

External - The device housing is & welded sluminum enclosure spproximstely
6" high, 7" wide, and 14" long. It is hermetically sesled to 1 x 10'6
cc/sec indicated leak rate with 10% helium fill gas. The base of the
package has two dowel pin hcles in line with the longitudinal axis. The
dowel pin holes and flat bese define an orthogonsl triad to which three
internal single degree of freedom gyros are aligned. The device is

cooled by conduction through the base by contact to s coldplate surfaca.

The Gyro Assesbly uses three electrical connectors for:
Operationsl poweir inputs (J1-19 pin)
Operationsl signal outpute (J2-37 pin)
Ground check~out (J3-55 pin)

Connectors Jl and J2 are located on the Commector Mousing mounted verticelly




side by side at one end of the device. Connector J3 is on the opposite
end of the device mounted horisontelly and recessed so that o protective
piate over the connector is flush with the end of the device. A device
"fill valve" is mounted on the connector housing bestide the J3 comnector.

This velve facilitates the purging end filling of the device with a

"dry" fill geas sfter hermetic sealing.

A "trim vindow", recessed end protectively covered, is located on the same
end of the device as the J3 comnector. This “"trim vindow'" ellows for
ernal recalidiation of G-insensitive torques. The Gyro Assemdbly i{s o

“"limited Life" device {.e., it must be recalibrated at 6 month intervsls.

Internal - The three gyros are orthogonally mounted such that the roll
and ysw gyro output sxes are perpendiculer to the bese and the pitch gyro
output axis horizontsl and slong the width of the base. The roll and yaw
gyros are mounted side by side on s beasm that goes across the width of

the device. The pitch gyro 1s mounted in a yoke attached to the device

base on the JJ) side of the roll/yaw besm.

A "stack” of five structursally similar modules is bolted to the device base
on the connector housing side of the roll/yew beem. Bach module consists
of a machined sluainum freme casting with mutuslly perpendicular cross
members. Electronic components within the modules are either mounted
directly to the freme (for meximum thermsl dissipation) or are suspended,
cordvood fashion, between two fiberglass Jig wafers. Rach module {s

conformelly coated to provide structursl integrity. Electrical connections




between the modules are made in a welded matrix.

The electrical connections
to the welded matrix (and all other electrical interconnections) are hard

wired and soldered to terminals.

Electronic componencs are mounted inside the connector housing which is
attached to the chassis by screws. There is a separate rubber faced

gasket bétween the housing and chassis for hermetic sealing. The same

type of gasket is used between the cover and chassis. Additional electronic

components are mounted around and above the pitch gyro which is on the J3

connector end cf the roll/ysw beam.

Spin Motor Excitation

Three phass 115 volt, 400 hz power is supplied to the three GG248 spin
motors through three single phase transformers whose primaries are connected
in a four-wire wye, neutral grounded, (seg Figure 3.12). The secondaries
are connected in a three-wire wye with phase B grounded. Each secondary
voltage is 15V rms resulting in a line-to-1line voltage of 26V rms. Three
impedance metching capacitors are connected line-to-line. The transformer

secondaries feed the three gyro spin motors which are connected in parsliel.

Power Supply

Ths Gyro Assembly circuits use +20V DC, =15V DC and 132v pC power. The GA-
power supply provides these voltages. The power supply consists of one
3-phase full wave rectifier which provides t40v DC. The unfiltered voltages
are fed to regulators which provide the 32v DC power. These voltages

drive two more regulators which provide +20V DC and -15V DC power for the

electronic amplifiers.
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Signal Generator Excitation & Compensation

Excitation is provided to the three signal generators from a transformer
supplied with il5V @A 400Hz power. (ref. Figure 3.13) The phase of the
excitation voltage is adjustable at the device level through selection of
the phase trim resistor. The three gyro signal generator primary windings
are connected in series to allow for simultanecus phase shifting of the
three gyro output voltages. The phase of the individual gyro outputs is

adjusted by means of the phase trim capacitors at the harmonic filter outputs.

Compensation for fixed gyro torques (g insensitive) is made by shunting =2
portion of the signal generator primary current through the secondary
compensation winding. The magnitude of the compensation current in each

signal generator is controlled by the value of the drift trim select resistors.

Compensation for the internai elastic restraint of the gyro flex leads is
made by selection of proper capacitors shunting the signel generator
secondaries. The capacitors allow circulating currents 90° out of phase
with the respective S.G. secondary voltages, i.e., gyro gimbal positions.
These currents =ffectively develop torques compensating for the flex lead

elastic restraints.

The signal generator quadrature voltage is minimized for each gyro by the
quadrature trim circuits. The compensating voltage is developed at the
junction of two select resistors supplied by the 20V $A secondsry. These
#A voitages are fed to the S.G. secondaries through the phase shifting

resistor-capacitor networks.
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Loop Electronics
The loop electronics is identicsl for all three gyros, except for phasing

on the DC rate output. Figure J.14 shows a block disgrem of the loop

electronics for & single axis. The gyro signal generator ocutput signal
is fed through the harmonic filter (bendpese filter with a center frequency
of 400 hz) to.the pre amp. The informstion signsl which modulates the
400 hz cexcier signal is then amplified by the pre smp with & geain of
18 V/V. The attitude scale factor is controlled by adjustment of this

pre emp gain. The pre smp output feeds a second amplifier whose gein is

27 V/V (Rate Mode) with relay Kl de-energized or 1 V/V (Attitude Mode)

with relay K1 energized. The output of this amplifier feeds the output
transformer. The two secondsries couple fsolated outputs to the display

snd control electromnics in the EDA snd ECA respectively. In the .J.te

mode the amplifier output is fed through relay Kl contacts to s full wvave
demodulator. The demod reference voltage is obtained from the 20V

secondary shown in Figure 3.13. The DC rate output polarity is controlled
by the phasing of the demod reference. Ths demod output is filtered by

an R-C network and amplified by the torquer smplifier which supplies current
through the relay comtacts to the gyro torquer coil and current sesmpling
resistor. The DC rate output signal is developed across the selected
current sampling resistance (nominglly 10 ohms) which determines t¥~ ocutput
scale factor. This output signal is also fed back to the torquer amplifier
to control its transfer function. A lov impedance feeddack peth is provided

2., around the torquer amplifier in the attitude mode to keep its output at '

null.
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Relay K2 provides the capability of electrically torquing the gyro with
e test signal. Application of 28V DC to the K2 coil will close the norm-
ally open K2 contacts. Application of a DC test signal to the appropriate
test points will provide ~ current through the torquer coil wvhen relay

K2 is energized.

Spin Motor Rotation Detector ‘gm}
The function of the SMRD circuitry is to provide s telemetry signal which

indicstes the operational status of the gyro spin motors. Input signals
for the SMRD circuitry are obtained from pick-up coils within the gyros.
(see Figure 3.15) Three identical circuits (one for each gyro) provide
outputs to & gating traensistor. The gating transistor is turned on when
all rectifier outputs reach the switching level,providing a 5V DC telemetry
output. If one or more of the rectifier outputs is below the switching
level, the gating transistor remeins c€f and a U VDC telemetry signal

is provided.

The gyro pick-up coil provides a 0 to 800hz signal (proportional to the
spin motor speed) to the amplifier which is tuned for maxirum gain at
S00hs. The smplifier output voltage is rectified and scaled such that

the spin motor must be opersting at a minimum of one-half synchronous speed
to provide an OM command to the gating circuit. All three rectifiers must

provide OM commands for the gating transistor circuit to supply the 5V DC

T output.
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igé[TIA Circuitry

The MIG GCG248 is designed for operation a2t 170°F. The temperature is
.critical in that it determines the viscosity and density of the fluid and
‘thus affects the gyro parameters. The gyro is maintained at the proper
operating temperature by controlling the power spplied to the gyro heater.
This function is provided by the temperature control amplifier circuit.

It is imperative that the gyro temperature status be know by the crew.

The temperature indicating amplifier circuitry provides the necessary signals
to control the status lamps (outband lamps) on Control Panel 2 as well as

the discrete TM signal which indicates the gyro temperature status.

The TCA/TIA mechanization is shown in Figure 3.16. The TCA circuit consists
of the l.lmlifiet and the gyro temperature sensor (780 ohms at 170°1?) which
is one leg of a 780Jflbridge circuit. When the bridge is unbalanced (cold
gyro) the error signal from the bridge is amplified and turns on an output
transistor in series with the gyro heater. When the bridge approaches
balance (gyro gets warm) the output tramsistor turns off sufficiently to

stabilize the gyro temperature to within a 1°F band.

The TIA bridge circuits are in parallel with the TCA bridge circuits. The
TIA outputs are ORed into the lamp and TM driver which provides a ground

output for the outband condition and +28V DC (+5V DC at the voltage divider
output to TM) for the 1nbnnd condition. The inband condition is catiufied
vhen 111 three gyro temperatures are between 168°F and 172°F. The nutbund

conditiou is satisfied wvhen one or more of the gyro temperatures is outside
the 168 - 172°F rangs.




TGA/TIA CIRCUITRY
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Gyro Aslcmblx Performance Datg

A GA consumes a maximum of 60 watts sceady state plus 40 watts transient

28V DC power. Maximum 115V AC power consumption is 34.6 watts steady

state plus 86.1 watts transient.

Listed below are a number ¢f G362 parameters, characteristics and

performance requirements:

Spin Motor
Synchronous speed 24,000 rpm
Starting power S5 watts
Running power 3 watts
Run-up time 25 sec, max.
Run-down time 45 sec, min.

Temperature Sensor

Resistance 780 ¥ .20@ 170 ¥ 1%

Current 10 ma

Sensitivity 1.501/°F @ 170°F
Heater:s

Voltege 28V DC

Power 28 wvatts max (2 heaters)

Mechanical Performance Specificstions

Angular Momentum 1 x 109 gm-cnl/sec
Time Constant 400 microseconds max.
Gimbal Inertias 200 |-pc-2
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Damping Constant 460,000 dyne-cm/rad/sec
Gimbal Freedom T 4.40

Input Angle Freedom 15°nin, 25°max

Input-Output Performance Specifications

Input Rate 50°/sec max (30 sec ON, 60 sec OFF)
' 25°/sec continuous

AC rate output .125v/°/sec T 1.75% (400hs)

AC rete output null 5.0 mv max.

DC rate output 1 v/%gec T 0. 3%

DC rate output nu:ll .05 mv mex.

AC attitude output 3V/°1A T 3.5% for 0° to 8° 1A

«3.5% for 8° to 150 Ia

AC attitude output null 15.0 mv max.

8 - insensitive drifc 1.73%hr.

g8 - sensitive drift 4°/hr/g

g2 - sensitive drift 0.42°/5 minute period during entry
Loop gain 65°/sec per degree, min

3.2.3 ¢yro Dilglox Coupler - BG289

The GDC is the computing component of the SCS Attitude Reference Display
Subsystea. It is essentially a computer which is mechanized to perform
transformations between two reference frames, 1i.e. the fixed (ineztial)
reference and the movable (spacecraft) reference axes. As its name
implies, the GDC providss the interface between the SC8 attitude sensors

(gyros) and the displays (FDAIs). The functiomal mechanization of the
GDC is described in sectiom 4.9.
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Machanical Description
The maximum weight of the GDC is 25 pounds, & ounces. The electromics

for the signal conversion 1s contained in ten interconnected moZules
within the envircamentally sealed chassis. Electrical access for
system operaticn 1s provided through two 55-pin comnectors. A 55-pin
connector is provided for interface with the ground test equipment.
The ten modules containing all the GDC eleitronics are:

Al Modulator

A2 Pitch Voltage to Frequency Converter (V/F)

A3 Roll V/F

a4 Yaw V/F

A5 Regulator and Oscillator

A6 Yaw and EMS Digital Output

A7 Roll and Pitch Digital Output

A8 Power Suéply

A9 Align and Logic

Al0 Resolver and Amplifier Assembly

Electrical Interfaces and Interconne
The Gyro Display Coupler Assembly providas the necessary interface
between the body rate sensors and the FBDAIs to give an accurate taitcatiad

of the spacecraft attitude ralativo'to 2 given referancs coordinste system.

The GBC interfaces with the CMC of the G ayskem, the mcoctcﬂ: comtrol
panel, the Entry Monitor System, and GSE. The GRC slso h“ uurceuuct-
ions with the EDA, the Gyro Assesbliss sud the ASCP of ths 8C8.




The GDC accepts DC body rate signals from the Gyro Assembliss, 400Ng

Euler Attitude Error signals from the ASCP, &< 28vdce logic signals,

28vdc power and l15vac 400hz power from the 8/C Control Panels. The

GDC conditions the DC body rate signels ind provides digital pulsas to the
G&N computer and to the Entry Monitor System. The GDC Zuler atctén‘c

error signela from the ASCP are transformed to bady referenced error

sign4is in the GDC and fed to the ELA to drive the attitude error needles.

The GDC ERuler attitude signals «re alsc routed to the EDA to drive the
FDAI ball.

The GDC consumes a meximum of 49.9 vetts steady state plus 10 watts
transient 28vdc power. Maximum 11%vac power consumpiion is 60.2 watts

dteady state plus 33.5 watts transient.

Modulator Module

The modulator converts the D.C., rate signals received from the GA into
2.2K hz sine wave outputs for uae in the Buler Moda. The output is
pProportional to the input in meégnitude, and reverses phase for input
Polarity reversal. The design features an internal gain which is
irversely proportional to signal imput to previde a signal-to~noise ratio
thet {s much higher than a constant AC gain modulator. Rence, the outpu:
vavefora is relatively free of noise. The module contains two identical
modulator circuits. du- receives inputs from the pitch chennel of either
GAlL or GA2. The other ia fed Dy the Yaw chemmal of either GA. Back eod-
ulator output feeds imto a separate roll reseiver duffer cuplifier.

.....
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RS _tO Jrequency Convarter Mccdules
The Voltage to Prequency Converter (V/F) converts cnaiog voltage signals
into proportional digital output puincl. The GDC contains three V/F
modules. Rach V/F provides two outputs, one for each input pclarity,
The signals converted by the V/Fs sre as follows:

1) DC body rates from either GA in the Single Axis Mode.

2)‘ 2.2Khz AC euler rate from the resolvers in the Bulsxr Mode.

3) Demodulated 400hz attitude set signals from the align demods ‘
in the Align Mode.

4) The sum cf yaw DC Yody rste and :oll DC body rate from a GA
(to pr_vide roll ¢Zability attitude infermation) in the .05g

(Entry) mode. (roll and yaw V/Fs only)

The V/F consists of an integrator, a 2.2Khz demoduiator, and complementary

positive and negative reset circuits. See Figure 3.17.

The integrator is a chopper stabilized amplifier (CSA) with capacitive
feedback. The paths followed by the high and low frequency inputs are
~.wicated on the figure. The low, or signal frequencies are less than
40hz. The nominal open loop gain of the CSA (which determines the basic

integrator accuracy) is 107 with a 50K ohm input resistor.

The demodulator is a half-wave field effect transistor demodulator. The

FET zerc offset charactériptic along with pinch-off delay spike cancellation
provide a low threshold device.

The complementary resets (only one is shown in the figure) are coastant
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charge resets. Constent charge is realized by a precise current flow

for a precise time.

The scaling of the V/F is shown by the equatiomn:

frequency output = t current
(reset curreat) Zrcoot time)

Input current is the net D.C., current to the CSA sum point from the

demod or the D.C., input network. Thus the normal input is being integrated
even during the reset time. This 1s necessary to cbttaln the high degree

of precision required from the Voltage to Frequency Converter.

The D.C. rate input in the Single Axis Mode is applied to the C8A whose
output is the integral of the input. When the output reaches 1.5 volts,
a reset circuit trips resulting in a pulse output which resets the
integrator toward zero. The rate of integration is dependent on the
amplitude of the input. Applying the opposite polarity input drives the

integrator in the reverse directicn and in turn operates the complementary

reset circuit.

In the Euler Mode, the input signal is received from the 2.2Khz resolver
and fed to the demodulator. The demodulated signal is then applied te

the CSA. In the Align Mode, the demodulated 400hz align signal is applied
directly to the CSA. In the Entry Mode, the yaw snd roil D.C, rate signals

are scaled and summed prior to application to the C8A. '

The V/F outputs are fed to the Digital Ostput mrdules. The outputs
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(2 for each V/F) are taken from the current generator circuits in the
complementary reset circuits and fed through e driver, or buffer stage,

vhich {s also a part of the reset circuit.

Reguletor and Oscillator Module

The Regulator and Oscillator Module provides regulated voltages for power
and rof.ronceiao needed in the other GDC modules. The voltages generated
are +20vdc, -20vdc and Svrms 2.2Khx. 7Twc identical D.C. regulators sre
utilized to provide the required redundancy for the Entry Mode. One
regulator powers the pitch and yaw axes modules while the other powers
the roll axis modules. The oscillator provides the 2.2Khz reference

voltage for the modulstors and the V/? modules.

Digital Output Modules
The function of the Digital Output Modules is to convert the digitsl

pulses provided by the V/F modules into the required pulses for:
1) The body rate signals to the COMC (roll, pitch and yaw axes)
2) Controlling the direction end rate of the stepper motors in the
Resolver Assembly (roll, pitch and yaw axes)
3) Controlling the direction and rate of the stepper motor in the

Entry Monitor System (GDC yew channel only)

There ere two Digital Output modules, one for roll and pitch end the other
for yaw and EMS. Each module contains two up-down binmary counter circuits
and two stapper motor drive circuits. The up-down counters provida

division of the V/F pulses by two for the pulses fed to the CMC; by four




to pulse the roll, pitch and yaw stepper motor drive circuits; and by
eight to pulse the EMS stepper motor drive circuit. The stepper motor
drive circuit for the EMS differs from the other three only in the size

of the voltage dropping resistor needed to provide the proper voltage

amplitude at the stepper motor coils.

The up-down counter contains two flip-flop circuits and four and-gate
logic stages to provide staircase operation for the bi-directional output
pulses. An inhibit function is available for preventing the division by
four and eight, thereby inhibiting pulses into the stepper motor drive

circuits but retaining the outputs to the CMC. Each CMC pulse is equivalent

to 0.1° of axis rotation. Each pulse fed to the roll, pitch and yaw stepper

motor drive circuits is equivalent to 0.2° of axis rotation, while each

pulse to the EMS stepper motor drive circuit represents 0.4° of the GDC yaw

axis rotation.

The stepper motor drive circuit has two double ended flip-flop circuits

to provide for alternate reversal for both directions. The flip-flops
control the excitation phase to the stepper motor coils. Each input pulse
reverses the excitation phase, causing the motor to step one increment.
The stzering gates control the direction of rotation of the stepper motcr

rotor.

Power Supply Module
The Power Supply Module contains two 400hz trensformers, EMI filters and

two rectifier circuits. Passive electromagnetic interference (EMI) filters




are incorporated on all incoming lines. The step-down transformers provide
25 vac for resolver excitation, 10 vac for demodulator reference and the
necessary inputs to the rectifier circuits. Egch rectifier supplies

+30vdc and -30vdc to the voltage regulaﬁors in the Regulator and Oscillator
module. Redundant elements are provided to meet the redundancy requirement

during entry.

Align and Logic Module

The Align and Logic module contains three 400hz chopper-demodulator circuits
and the logic elements necessary to control the relays which configure the

GDC circuits for one of four modes.

Each demodulator receives a 400hz signal from an Attitude Set Control Panel

resolver. When the Align Modz is enabled the demod supplies a DC output

to the corresponding V/F circuit. The V/F processes this signal and feeds

it down stream to align the GDC resolver shafts to the same angles as the

respective ASCP resolvers.

The logic circuitry receives three switching signals from Control Psnel
switches. The circuitry performs the necessary summing of the signals
to control four sets of relays in GDC modules. The states of these

relays control the mode configuration of the GDC.

Resolver and Amplifier Module

The Resolver and Amplifier module contains the components necessary for
performing the body to euler and euvler to body transformations. The
module contains three stepper motors, three gear trains, three resolver

assémblies and six amplifier circuits.




The three stepper motors, one for each axis, are identical. The stepper

motor receives excitation pulses from its respective digital output
circuit and steps its rotor through a 45° increment for each pulse

received. The rotor shaft is mechanically coupled to the gear train
input. The gear train provides a 225:1 reduction. The resolver shaft

is mechanically coupled to the gear train output. Hence, the resolver

shaft is driven in 0.2° increments to correspond with the commanded

GDC axis rotation. The stepper motors can drive the resolver shafts

at rates up to 60°/ ssc.

The module contains three resolver assemblies, one for each axis. The
roll and yaw resolver assemblies are identical, having three separate
pancake type resolvers in tandem on a single shaft. The pitch assembly
is a single pancake type 400hz resolver transmitter on a shaft. The

roll and yaw resolver assemblies each contain an identical 400hz resolver

transmitter and two computational resolvers. One of the computational

resolvers (body to euler rate) is operated at 2200hz while the other
(euler to body attitude) is operated at 400hz. The body error outputs
for display are fed diractly from the computation resclvers to the EDA.
However, the euler attitude information for display is obtained from

the resolver transmitters of the respective axis.

GDC Assembly Calibration

After the ten modules are assembled in the device, the GDC is cslibrated
to achieve the state-of-the-zrt accurecy imposed by the system requirements.

There are a total of 57 resistors selected during the device calibration.
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A7  Attitude Error

A8 Attitude Reference Relay No. 1
A9 Attitude Error Relay

Al0 8ignal Conditioner

All GP/FPI No. 1

Al2 GP/FP1 No. 2

Al3 Power Supply

Al4 Reference Transformer

Al5 Powver Transformer

Electrical Interfaces and Interconnections

The EDA provides the necessary interface between the information generating
units of the SCS and other S/C systems and the SCS displays, namely the
FDAIs and the GP/FPI. (NOTE: ordeal in the only exception - its input is

between the EDA and the pitch axis of the FDAI ball drive).

The EDA interfaces with the IMU and CDU of the G&N system, the SII fuel
tank pressure system and SIVB fuel and oxidizer tank pressure systems, the
S/C Control Panel, the Telemetry system and GSE. The EDA also hes inter-

connections with the ECA, GDC, GA2, FDAI 1, FDAI 2, GP/FP1, ASCP and TVSA

devices of the SCS.

The EDA consumes & meximum of 50.2 watts steady state plus 10 watts transient
28vdc power. Maximum 115vac power cousumption is 34.4 watts tteady state
plus 20.2 watts transient. This allocation includes all AC power sent to

the diplays, except for lighting.
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Funct scription
The EDA contains the electronics required to drive the system displays and

provides the electrical interface between the system and the spacecraft

telemstry equipment. The basic functions performed by the EDA are:
1) Accept and condition all display input signals.
2) Provide all the displays signal and power switching functions.
3) Position the servometric meters in the FDAIs and the GP/FPI.
&) Operate the FDAI attitude servo loops.
5) Condition signals for telemetry.
6) Generate all required reference power not supplied by the S/C
power source, the G&N system or the Gyro Assemblies.
The following paragraphs elaborate on these functions and relate them to
the EDA modules and the SCS subsystems to which they are applicable.
Redundant circuitry, with the exception of logic, is provided for each

display function to prevent a single failure from disabling both displays.

Attitude Rate Display

The'attitude rate display function requires electronics for six independent
servo loops (separate circuits for each axis and for each FDAI). The
mschenization is described in section 4.10.3. The components used in this
mechanization are contained in modules A3 and AS5. 400hz AC rate signals

are received from GAl and GA2. Twenty-eight solid state switches inhibit
input signels and provide the gain changes for each mode. Right AC amplifiers
amplify the rate input signals. 8ix demods demodulate the amplified AC

signal. Three relays (six sets of contacts) provide the proper 400hz
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reference to the demods. Six dc amplifiers drive the FDAI servometric
rate indicators. Two relays (3 zets of contacts) feed the proper DC

rate signal to the signal conditiomers.

Attitude Error Display

The attitude error display function also requires electronics for six
independent servo loops. The mechanization is described in section
4.10.2. The components in this mechanization are contained in modules

A7 and A9. Attitude error signals are received from the following sources:

1) 800hz signals from the CDU in the G&N systea.

2) 4OOhz signals from GAl.
3) 400hz or 800hz signals from the ASCP.
Error information from the ASCP is either:

a) the difference between the IMU attitude signals and the attitude

dialed into the ASCP, or

the difference between the GDC information and the ‘Mttitude
dialed into the ASCP.
The two sources are cbtained by exciting the ASCP resolvers from
either the G&N or the GDC. This switching function is accomplished

by 6 relays (6 sets of contacts) in module AS.

Thirty-four solid state switches enable or inhibit input signals and provide
the gain changes for ea;h mode. Eight AC amplifiers amplify the attitude
error input signals. Six demods demodulate the amplified AC signal. Three
relays (six sets of contacts) provide 400hz or 800hz reference power to

the demods. Six DC amplifiers drive the FDAI servometric attitude error




indicators. Two relays (3 sets of contacts) route the proper DC attitude
error signal to the signal conditioners. (A single set of contacts of

one of the relays in module AS is also used).

Attit. = Display

The sttitude display function requires eliectronics for six servo loops
to drive the two FDAI bslls. The mechanization is described in section
4.10.1. The components in this mechanization are contained in modules
A4, A6 and A8. 800hz attitude signals are received from the IMU gimbal
resolvers and 400hz attitude signals from the GDC resolver transmitters,
Six relays (12 sets of contacts) inhibit either of the inputs to either
of the FDAI channels. Six relays (6 sets of contacts) enable the signal
flow p‘thu to either of both FDAIs. Two relays (4 sets of contacts)
control application of the 400hz reference power to the FDAI motor -
velocity generator excitation vindings. Six AC amplifiers demodulate
the amplified error signals. Two relays (4 sets of contacts) provide
400hz or 800hz reference power to these demods. Six 400hz demods
demodulate the feedback signal from the FDAI velocity generators. Six
DC amplifiers amplify the DC error signals. Six 400hz modulators

modulate the amplified DC error signal. The modulator outputs are fed

to the motor control windings.

Gimbal Poaition[?uel Pressure Display

The KDA provides four channele of electromics to drive four GP/FFI
indicators. The indicators display gimbal position or booster tank

Pressure. Separate scale merkings ara provided for each function. The




mechanizat.on of the four servo loops is described in section 6.5.5.

The components used in the mechanization are contained in modules All

and Al2. DC pitch and yaw gimbal position signals are fed to this module

from the four position trunsducers in the Gimbal Actuator Asgsemblies of

the SPS system through the TVSA. SII end SIVB tank pressure signals

are received from four transducers, two in each of the respective tank

pressure systems. Four relays (4 sets of contacts) inhibit gimbal position

or tank pressure input signals. Four DC amplifiers amplify the difference

signals (sum of selected signals and the indicator feedback pot wiper

voltages) and Jrive the servometric meters. Four relays (4 sets of contacts)

alter the gain of the DC amplifiers as a function of the mode selected.

Four relays (4 sets of contacts) provide the zero reference voltage required

for the mode selected.

Signal Conditioner

The EDA contains the electronics for 13 analog signal conditioner channeis.

The signal conditioning channels provide the ground isolation, biasing

and filtering required to condition the input signal for the spacecraft

telemetry equipment. The operational amplifiers used in the mechanization

are contained in module Al0. The amplifiers condition and provide to the

telemetry system the following signals: rolil, pitch and yaw displayed

rate; roll, pitch and yaw attitude error; pitch and yaw SP§ gimbal position;

roll, pitch and yaw commands by the Rotation Countrol; and Pitch and Yaw TVC

total error.




Two additional signal conditioner channels (for pitch and yaw differential

clutch current to the SPS servo actuators) are located in the ECA.

Logic
Input signals to the EDA must be conditioned to provide the proper display
output for different modes of operation. Different mode configurations
are establiuhed by the EDA logic which controls relays and electronic
switches which in turn control amplifier gains and allow input and output
lines to be enabled or inhibited. The EDA logic states are determined by
logic inputs from the spacecraft control panel switches. The components
in the mechanization are contained in modules Al and A2 and consist of

resistors, diodes and switching transistors.

Power Supplies and Transformers

The power supplies and transformers required for the displai and telemetri
functiéhl provided by the EDA are contained in modules Al3, Al4% and AlS.
Separate power supplies are energized by AC bus 1 and AC bus 2 A to
provide regulated ¥ 15V DC power to all No. 1 and No. 2 display channe:s
respectively. This excitation voltage is provided .o the display control
amplifiers in the EDA and the feedback potentiometers of the servometric
meters in the FDAIs and the GP/FPI. The power transformers for these two
power supplies also provide the demod reference voltages and the FDAI

motor - velocity generator reference to the respective attitude display
channels. The third power supply is fed by AC bus 1 and provides regulated

T 15v DC, -10V DC and =2.5V DC to che signal conditioner amplifiers.
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3.2.5

Five reference tranaformers in module Al4 provide the remaining reference

voltages .equired to drive the displays. One transforuzi ceceivas 28V

§00hz power from the IMU and provides 0° and 180° phased reference power

to the attitude error and attitude display circuits. Two transformers

receive 115V 400hz power from GAl and GA2 respectively, and supply 0° and
180° phased reference power to the rate and attitude error display circuits.
Two transformers receive 115V 400hz @B and #C power (cne from AC bus 1

and the other from AC bus 2) and supply a single phese (90° out of phase

with @A) reference to the modulators in the FDAI ball drive circuits.

Electronic Control Assembly - BG286
The primary purpose of the ECA is to provide the switching and control
electronics required for backup control of the Apollo Svacecreft. It

also piovides the monitoring,isolation and voltage scaling required for

signal conditioning.

Mechanical Description

The maximum weight of the ECA is 16 pounds, 11 ounces. The electronic
circuitry is packaged in ten interconnected modules within the environ-
mentally sealed chassis. Electrical access for system operation is provided
through two. 4l-pin connectors and twoc 55-pin connectors mounted at the rear
top surface of the package. A 55-pin test connector located st the tr&nt

of the packege provides connections for the Ground Support Equipment. The

modules containing the ECA. electronics are:
Al Pitch Thrust Vector Comntroi -

A2 Pictch Reaction Jet Comtrol
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A3 Rotational Control

A4  Yaw Reaction Jet Control
A5 Yaw Thrust Vector Control
A6  Roll Reaction Jet Coﬁtrol
A7 Power Supply

A8 Gyro Uncage Logic

A9 Signal Conditioning

Al0 Manual TVC Logic

Electrical Interfaces and Interconnections
M
The ECA interfaces with the S/C Control Panel and GSE. The ECA has

interconnections with the GAl, GA2, RC1l, RC2, RJ/EC and TVSA devices
of the SCS.

The ECA consumes a maximum of 14.4 watts steady state plus 7.0 watts
transient 28vdc power. Maximum 115VAC power consumption is 13.7 watts

steady state plus 9.4 watts transient.

Functionsl Description
The ECA accepts signals from the GAl, GA2, RC1l, RC2 and TVSA devices.

These signals are conditioned, shaped, limited, switched and summed as
required to provide pitch and yaw SPS gimbal serve commands as well as
pitch, yaw and roll reaction jet drivefrcounnndo. The ECA generates the
DC supply voltages and reference voltages required by its circuits and
provides excitation for the Rotstion Control transducers utilizing the

115V 400hz spacecraft power. The ECA provides comacnd signals to the RJ/EC

and TVSA devices.




The foliowing paragraphs provide brief descriptions of the circuitry
involved in performing the various functions. A more detailed description
of the functional mechanization and'operation of the circuits is provided

in the subsystem descriptions of sections 5 and 6.

Thrust Vector Control Modules

The ECA contains two identical TVC mechanizations, one for control of the
Pitch SPS engine gimbal and the other for yaw. The electronics are con-
tained in identical modules Al and AS5. Input signals are received from
the TVSA (gimbal trim and gimbal position), and from the Reaction Jet
Contr:l modules (AC attitude, DC attitude and DC rate). The circuits
provide gimbsl command outputs to the TVSA. Each msdule contains one
demodulator, four integrated circuit (IC) operational amplifiers with
signal conditioning and shaping components, one relay and three solid

state switches. The functional operation of these circuits is described

in section 6.5.2.

Reaction Jet Control Modules

The ECA contains three identical RJC mechanizations (except for a difference
in a few component values for roll) which make available command signals

for controlling the spacecraft reaction jets. The electronics is contained
in modules AZ, A4 and A6. Input attitude and rate signals are received

from GAl, GA2 and the Rotational Control modul;. AC attitude, DC attitude
and DC rate signals are fed to the respective TVC modules. Each module

receives logic command signals from the 8/C control panel, the RJ/EC logic

(A2 and A4 only) and module A8. Each module supplies a + and a - rotation




command signal to its respective jet logic channel in the RJ/EC. Each

module contains 8 solid state switches, 2 demod-switches, 2 relays,
2 demodulators, 6 IC operational amplifiers with signal conditioning and
shaping components, and a pseudo rate -‘minimum impulse circuit., The

functional operation of these circuits is deecribed in section 5.9,

Rotational Control Module

The ECA contains rotational control circuitry in module A3. 400hz
rate command signals are received from the three transducers in each
Rotation Control and 400hz rate signals from the three gyros in each
Gyro Assembly. Logic signals are received from modules Al0 and A8
and from the S/C control panel. Pitch, yaw, and roll proportional rate
command signals are fed to modules A2, A4 and A6. Pitch and yaw MIVC
commands are routed to the respective channels in the TVSA. The module
contains 10 demodulators, 5 IC operational amplifiers with signal

conditioning and shaping compouents, 10 sclid state switches and & relsays.

Power Supply

The ECA power supply rodule A7 contains two identical power supplies,

each consisting of a transformer bridge rectifier and voltage regulator.
Power supply No. 1 is powered by AC bus 1, while AC bus 2 drives power
supply No. 2. The =:&u1e'prov£dec 26vac transducer excitation voltage for
the Rotation Controls (bus 1 for RCl and bus 2 for RC2.) Reference voltages
of the proper phese and from tﬁt AC bus corresponding to the input signal

source are provided to all the ECA demodulastors.



Power Supply No. 1 provides regulated T15v pC power to all th§ Auto
TVC circuits and to the RJC circuits, except the Rotational Control
amplifier circuits. Power Supply No. 2 provides regulated h4.5v DC
power to all the Manual TVC circuits, including the Rotational Control

amplifiers which provide the proportional rate command signals to the

RJC mechanization.

Gyro Uncage Logic

Module A8 contains three identical Gyro Uncage Logic mechanizations,
one for each of the three gyros in GAl. Each mechanization provides a
ground return for the GAl uncage reily in its respective axis when the
uncage logic equation is satisfied. The input logic signals consist
of the IGN 2 signal from the RJ/EC, the .05 G ENTRY, BMAG MODE (PITCH,
YAW and ROLL) and MAN ATT (PITCH, YAW and ROLL) Control Panel switches,
and the Rotation Control breakout switches in each axis. Besides the
uncage logic signal to GAl, the mechanization also supplies logic

signals to each of the Reaction Jet Control modules, A2, A3 and A4,

Manual TVC Logic

The logic for controlling the Manual TVC circuits in the ECA is contained
in module A10. The module contains two identical mechanizations, one

esch for the pitch and yaw channels. The logic receives inputs from the
SC CONT, BMAG MODE and SCS TVC control panel switches, the CW switch

in the Translation Cont;ol, and the ICM 2 signal from the RJ/EC. The logic

provides control signals to 8 electromic switches and & relays in module

A3.
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Signal Conditioning

Module A9 contains two signal conditioning circuits which have no
functional relationship to the other ECA circuitry. The module receives
two input signals, pitch and yaw differ;ntial clutch current, from the
IVSA. The conditioned signals are fed to the Telemetry system. The

signal conditioning amplifiers receive their operating voltages from the

RJ/EC device.

3.2.6 Reaction Jet & Engine ON/OFF Control Assembly - BG287
The primary purpose of the RJ/EC is to'provide driver circuits for the
SM and CM reaction jet solenoids and the SPS engine solenoids. The RJ/EC

also contains the logic circuitry associated with each driver amplifier.

Mechanical Description
The maximum weight of the RJ/EC is 20 pounds, 8 ounces. The electronic

circuitry is packaged in seven interconmnected modules within the environ-
mentally sealed chassis. Electrical access for system operation is
provided through two 2l-pin, two 32-pin and two 61-pin connectors mounted
at the reer top surface of the package. A 55-pin test connector located
at the froat of the pac..age provides conmnections for the Ground Support
Equipment. The RJ/EC has space for ten modules. However all the electronics
is contained in seven modules.

Al Yaw Reaction Jet Driver

A2 Pitch Reaction Jet Driver

A3 (growth space)

A4 Roll B&D Reaction Jet Driver
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A5 Roll A&C Reaction Jet Driver

A6  (growth space)

A7  SPS Engine Logic and Driver

A8 Driver Power Supply

A9 Signal Conditioning Power Supply

Al0 (growth space)

Electrical Interfaces and Interconnections

The RJ/EC provides the necessary interface between the command sources and
the SM and CM reaction jet autoc solenoids and the SPS engine solenoids.
The command sources for reaction jet control are the CMC, ECA, RC breakout
switches and TC switches. The command sources for controlling the SPS

engine solenoids are the CMC, EMS and Control Panel 1 switches.

The RJ/EC consumes a maximum of 2.1 watts steady state plus 1.0 watt

transient 28vdc power. Maximum 115vac power consumption is 4.0 watts

steady state plus 1.0 watt transient.

Functional Description

For reaction jet control, the RJ/EC accepts command signals from the CMC,
N
the switching amplifier - minimum impulse control circuits of the ECA,\;he

IC switches and the RC breakout switches. Logic signals from Control Panel
1, IC CW switch and SPS Ignition signals generated within the RJ/EC contrel

the state of the reaction jet logic which enables and disables the command

. inputs to the proper jet drivers.
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For SPS engine solenoid control, the RJ/EC accepts command signals from
the CMC, the THRUST ON pushbutton on Control Panel 1 and the automatic
off signal from the EMS AV counter. The SPS Thrust Control logic
receives logic signals from Control Panc‘l 1 switches for enable and
disable of the command signals to the SPS engine solenoids. _ The Thrust
Control Logic elso provides an enable-disable logic signal to the

reaction jet logic for the pitch and yaw RCS engines.

The following paragraphs prov.de brief descriptions of the module
contents. The functional mechanization of the drivers and logic is

described in sections 5 and 6.

Reaction Jet Drivers

The RJ/EC contzins four identical Reaction Jet Driver modules, A2 for
pitch, Al for yaw, A5 for roll ASC and A4 for roll B&D reactionm jet
solenoids. Each module contains four identical pre-amp and driver amp
stages and the enable-disable logic circuitry for controlling inputs

to the pre-amps. Each module receives cosmand inputs from the CMC, the TC
switches (through diode OR gates in module A8), the ECA + and - rotation
command outputs, and both Rotation Control + and - breakout svitches.
Logic control inputs are received from the SC CONT and MAN ATT Control
Plui 1 switches, TC CW switch and module A7. Pre-amp ensble power is
received through MESC contacts and driver-amp bias is provided by module
A3. Each module has four outputs, one from each driver-amp, vhich supplies

a ground return for the respective reaction jet solemoid to turm om the

reaction jet.
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SPS Engine Logic and Drivers

Module A7 contains the SPS thrust ON/OFF logic and the 8PS solenoid

drivers. The module receives enable voltage from the control panel

1 AV THRUST switches, logic control signals from the control panel 1
S/C CONT and DIRECT ULLAGE switches and TC CW and +X switches, ar
command signals from the CMC, EMS and control panel 1 SPS TQIUST wit-
The mo&ule provides control signals for the SPS solenoid valves anu
logic signals to modules Al and A2 (pitch and yaw disable) and the
ECA (Engine IGN 2), The module contains 2 pPre-amps, 2 driver-amps,

4 delay circuits, the diode logic mechanization and 7 T event

voltage dividers.

Driver Power Supply

Module A8 contains two -4vdc power supplies which provide bias voltage

to the RJC and SPS driver-amplifiers. (The bias voltage is not essential
for proper operation of the drivers. It serves only to prevent.turn

on of the drivers due to large 28V DC transients)., The module receives
115vac power from the SIG COND/DRIVER BIAS POWER switches on control
panel 7 and supplies -4vdc bias power to modules Al, A2, A4, A5 and A7.
The module contains two identical power supplies consisting of a trans-
former, rectifier and filter for each. Each power supply provides bias

to eight RJC and one SPS driver-amplifiers.

Signal Conditioner Pawer.Sggg;x

Module A9 contains a Signal Conditioner Power -Supply identicsl to the

one in the EDA modules Al3 and Al5. The power suppiy receives liSvac
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2.7

power from S12 on control panel 7. It supplies four DC voltages to

the signal conditioning amplifiers in the ECA module A9.

Thrust Vector Sarvo Amplifier Assembly - BG288

The TVSA provides the necessary eiectrical interface between the commend
electronics and the actuator for positioning the SPS engine. The

functional mecﬁanization'of the TVSA is described in Section 6.

Mechanical Description
The maximum weight of the TVSA is 12 pounds, 8 ounces. The electronics

is contained in five interconnected modules within the environmentally

sealed chassis. Electrical access for system operation is provided through

two 6l-pin and two 15-pin conmnectors. A 55-pin connector is provided

for interface with the ground test equipment. The five modules containing

the TVSA electronics are:
Al  Democdulator
A2 Yaw Servo Amplifier
A3 Pitch Servo Amplifier
A4h  Logic

A5 Power Supply

E;‘gttgcal Interfaces and Interxconnections

The IVSA provides the interface between the SCS and G&N command electronics
and the SPS Servo Actuator. The TVSA accepts signals from the CMC, ECA
and GP/FPI. These signale sre sumned, shaped, limited and switched as

required to provide pitch and yav gimbal servo commends to the SPS Servo

Actuator.




The TVSA consumes & meximum of 13.4 wvatte steady state plus 60.0 watts
transient 28vdc power. Maximum 115vac power consumption i{s 21.9 watts

steady state plus 15.4 wvatts transient.

Demcdylator Module

Module Al contains all the demndulators utiiixzed in the IVSA machanization.
It also contains IC DC amplifiers for the 8P8 Sarvo Actuator position
feedback signals and transistor buffers for the demod reference signals.
The module receives the demod reference voltages from module A5 and

pitch and yew rate and position signals from the SP8 Servo Actuator
transducers. It provides DC rete and ppsition signalas to modules A2

and A3. The module —ntains 15 buffer ttgnoiators, 8 demodulators

and 4 amplifiers.

Servo Amplifier Modules

The TVSA contains two identical servo amplifier modules, A2 and A3,

for the yaw and pitch channels respectively. Each module contains identical
redundant control channels. Each channel :eceiv;a DC input signals from
the CMC, ECA, GP/FP1 trimpots snd module Al. It receives logic signals

for controlling its solid state switches from the SC CONT and 8C8 TVC
control panel switches, the Translation Control CW switch and the RJ/EC.
Each channel provides drive curremt to its respective SPS S8ervo Actuator

extend and retract clutches. A module contains 8 solid state switches,

& IC DC amplifiers, two clutch drive circuits esd the logic mschenization

which drives the solid state switches.




| m TVSA logic, except that vhicla controls the u:—lud ‘soufce selected,

is contefved in module A4. This module also vfcpnium the filters
for the 15wic pover used for GP/FPI trim pot escitation. The module
'rncvle‘lvu 28vdc pbwcr foputs yfro- 88 and ?89 wa Control Panel 7. ' It
receives logic imputs from m'cmtrol penel 1 IVC Gismbal DPrive uttche;.
Trensletion Comtrol OW switch, the EDA snd TVC Failure Signale from

" the S5 Servo Actustsr. Sigoal uyutu ere received from module Al end
the GP/FPI crim pots. The logic comtrole gisbel trim eignals to the |
ECA and gimbal positiou signals to the BCA end DDA. The module comieinc

& TI-type BC filters, 8 veleys end the sseociated summing comtrol cmti. '

mu AS contains th* power supplies. This module receives

" 1l3vac pover from 38 sad 89 ou control pemel 7. The module provides

¥ 1vde reguleted pover to modules Al, A2 and A3. 7 13vdc nom-regulated,
m-tutorod pmr 1: mppuu to module AL, BDus 1 end Bus 2, 20vec

. power ,1- supplied to Al for demod reference. Bus 1 and Bus 2, ldvec

M is eupplied to the SPS servo actuator position end rate txensducers.
The module couum 2 m filters, 6 r.rmfomu. 2 btulga mtuun

' nd -’s nltm rmhton.
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| SECTION 4
' ATTITUDE REFERENCE SUBSYSTEM (ARS)

| 'Thcipurpasé of the SCS Attitude Reference Subnyagén'ta to provide the

'aattonaytc'dtth 4 visual display of the spacecraf: sttitude in space,

An 1ndlg§t£gu of the spececraft attitude is required fcr ronitoring

‘antohit;c,opétatian,and for performing manual ssneuvers.

"Asﬂaph'écnturns farther into space, leaving tie earth behind, he écquirco
_'d hqn,rtt¢:¢hca,toé his attitude orientstion. Until now, man has used
.)thc hltth»ﬁdlhil':cfct!ncl. EBven in orbit around it (during Mercuiy

- 'nhdlcqiini flightp) local vertical was the ususl attitude reference for

;haAhiirén:ug’aﬁd the displays in the capsule. It was not always

édiﬁattgl that sn attitude display be provided since that information

vas a?qilibli;in the form of the sarth's horizon. Some entries were

‘ pettdrued during Mercury flights using only that reference.

However, during flights farther into space, the earth no longer remains

'a’hncr'Bod}vtépﬁ_can be used as a reference. Furthermore, the apparant

earth size and position will be continuslly changing as the vehicle moves
out 1nco space. Thus a fixed reference frame for attitude orientation
must be chosen. A fixed reference frame available to the astronsut is

in the form of an inertial sphere (e.g., the celeat1¢1 sphcre),

Vehicle Reference Frames

If the spacecraft is to be maneuvered to an attitude relative to the

i}

/ ;




celestlal;sphere; then the spacecraft itself must hﬁve avaet’of

| cootdinnﬁeh to be.uiéd in thé alignnent; rAs e genérll refeteace
frame, & rectangular coordinate system has been assigned to the
spececraft and is generally referred to‘as the spacecraft "body"
coordinates. Thé 4! (roll) axis is chosen along the longitudinal
axis of the sprcecraft in the direction of l1ift-off. The +¥ (pitch)
axis 1s at 90° to the x ax1c. latyrilly through the vehicle in the
direction of the‘litroaiut'd ti;hf'thqulder. The +Z (vaw) axis is 1 };
st 00¢n she other :wu «lL3s :n& 1d velllicaily duwn nica Lespect to_.

- the estronauts. 81nsm the CM cencer of mass 13 offuet from the

'capaule Zongitudtnal center ltna. serodynemic forces on thc clpculc
(vhen it enters the earth’'s atmosphers) will orfemt it to & steble
attitude rclativt to the flight path. These entry coordinate axes

ere known as the "STABILITY" or "WIND" axes. These sxes are dis- -
placed t_jf}on tie Body axes, in the i-? plane by an sngle oX.

Thers ara two stable attitudes for flight in the stmosphere, heat
shield foriifé?br apex forward. Prior to encountering the earth's

atmosphere, the caps:cle must be oriented with the heat shield for-

vard to ytamlﬂe a safe entry. With the heat shield forward, the

stable attitude of the capsule relative to the flight path is as

shown in Pigure 4.1, The pitch stnbillty‘axil is identical to the
pitch body axis (4Y axis) which is directed out of the psge. The

roll and yew stability axes are defined as the roll end yaw body

axes rotated 421° about the pitch (Y) axis.




EARTH ENTRY ORIENTATION

. EARTH HORIZON LINE

p
%
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4 Y4

FIGURE 4.1



Inertial Reference Frame

Spacecraft attitude in space has mning:~mly if 1t 1§ referred to

a fixed or inertial reference frame. The inertial té.fetence frame

is defined by an etthbgonal triad of axés-vhich is fixed with respect

to the celestial sphere. The three axes are referred to as #h: |

inertial pitch, ysw, and rcll axes. The telntiohshlp between the |

three axes can bde vdu‘eﬂnod b the equation ix ? - : where I, 'j', and k are
unit vectors i: the direction of the inertial roll, pitch, and yaw axes

respectively.

Buler Angles

Tt.e total attitude of the vehicle is defined by the orientatiom of |
the 8/C body axas relative to en arbitrarily chosen fixed reference
frame. The d%&:auttcul tunifomuon between a fixed and a movidle

reference frame is called sn Buler trensformstion (s0 nemed in honor
of the mathemaiiclen who derived it).

The total sttitude of the vehicle is described by three Euler angles:

roll (#), pitch {f), and yov ). ‘Au Buler engles are zero when the
body roll (X), p:ltch (Y) end yew (Z) axes are pauucl to the n:pocttva :
fixed reference roll (1), pitch €)) and yev (k) axes. ‘l‘he Buler englis
are those three ordcud vahtclc tontim (in the sequence pttch-yw-rou;
sbout the body axes, from the all-angles-zero attitude, required to

errive at the given attitude, provided flut =90 ¥ {+90° , and 0°< o,
9<£360°. The Euler scgles are identical ’te the gimbal sngiu obtained

from a chree-gimbal platfora (with the gimbal sequence pitch-yew-zoll




from inside to out) havingMits-teference element.iligned,to the chosen -

reference frame.

SCS_ARS COMPONENTS

The SCS devices used in the Actiiude Reference Subsysteam include:

: Flight'Ditectbtléititudc Indicators (FDAI ! and FDAIL 2)
Gyrc Assemblies (GA 1 and GA 2) -
Gyro Display Coupler (GDC)
Attitude Set Control Panel (ASCP)
Electronics Display Assembly (EDA)
The display portion of the ARS consists of the two FDAIs. $8/C tocal
attitude is indicated by the position of the ball. The difference
between the desired and actual $/C attitude is indicated by the FDAI
attitude error needles. The sngular rate of change of §/C attitude
is described by the FDAI rate needles.

The rete sensing elements of the ARS ere contained in the Gyro
Assemblies. The Gyro Assemblies also provide electronic signals which
fndicate changes in spacecraft attitude sbout each of the three body
axes. The GA ocutputs consists of 400 hz rete and attitude error

signals and DC rate signals.

The GDC contains the electronics and electro-mechanical components
necessary to compute 8/C inertial and roll stability attitude informstion
from the IXC body rate signals provided by the Gyro Assemblies.

l;fv' The ASCP contains three resolvers (pitch, yaw, and roll) which are
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positioned at the sngles dialed in on the thumbwheels. The resolvers
provide attitude error signels which are Qine functions of the resolvef
angles {desired attitn&e) winus the input inertial angles {(actual
attitude). . |

The EDA contains signal conditioning and servo electronics necessary
to drive the FDAI indicators end logic networks to allow selectiom of

the desired source of information and the display(s) to bc driven.

" The EDA logic states are determined by control panel _uitch positions.

8CS ARS INTERFACES

The SCS Attitude Reference Subsystem has interfaces with the G&M

System, the Entry Monitor System (DMS), and Coutrol Pamel Suitches.

The G4l System provides the primary attitude cudi.pttltude error

~ information which will be displayed on ,‘a FDAI. ssu':coctufl: t:onl

attiiude informstio: is provided by the In.rtial Measuring Unit (IMU).

Desired sttitude informstion is gemerated in the Command Module
Coqutcr (QC) and the attltwh error (difference between dutrd
and u:..ual atuwdc) u prcvtdod by the G&M cy-u- through us |
Coupler D.ta Unit (cw).

The Roll Attitude Indicator (RAI) on the EMS display shows the
position of the -8./8. Lift ,v{.ctm' dnrtng the urtfa entry phase of the
mission. This indicator is driven by signals generated in the 5CS
Gyro Displey Coupler after .05g.




Control panel switches allow the SIQ Commander to select alternate

configurations for displaying the attitude information. The switches

furnish logic signals to the GDC and EDA to control the signal flow

paths.
4.4 G&C ATTITUDE REFERENCE

A block diagram showing the hardware involved and ﬁhe basic signal

flow paths for the Attitude Reference Subsystem is shown in Figure &.2.
A brief descrip.ion of the basic signal flow paths follows. The
various signal flow paths are enabled and disabled as a function of the

posttian:of éonttol panel switches which are discussed in section 4.5.

4.4.1 Total Attitude
Total attitu&c of the 8/C is displayed on either or both FDAI's. Pitch
and yaw Euler angles a:e r¢¢d at the point on the ball under the drome.
The téllrlﬁiéf angle is read at the poiﬂt indicated by the roll index
'ba’ihi citcuiar .calc. The -two sources of attitvde 1nfotnatian arc :he“'

 be dtsplayed on the RAI nnd on the roll scalc of ~ae of th. FDAL's.

imery Source o
~ The Inertial Hcatu:in; Unit of the G&N systcn is the prinlry source of
totll lttitude 1n£otant1cn.\ The 1nforantion consists pf two 800 hz 4
|=k o utgnals fron ecch of the three gilbcl teaolv&r.,, The anplicudel of the
- aignnl: sre proportional to the aiac nad cosine of mhe recpectivc gi.bnl

| lnglcs. ‘These utx signals are fed through the select logi . sigull -

L
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conditioning and servo electronics in the EDA to gofqtrol" the pogidenﬂ . :

of the three gimballed ball. Through this mechanization, the FEAI ball
is dttvgn to represent the gimbal angles of the M. lttbel.é‘,FDAI,’ but

not both, can be driven frum the IMU source.

Backup Source .

Ine SCS provides backup total attizude inforz.itiom which is coqutad

in the GDC using inputs from one of both Gyro Assembliss. One functicn
of the GA - GDC combinstion is to generate Euler sngle signals (equi-
valent to the gimbal angle signels provided by the IMU resolvers). The
GA generates accurcte DC signals proportional to vehicle rates about

each of the S/C axes. The GDC performs a transformation which converts
the body rates to Euler rate signals which position shafts to equivalent
gisbal angles. Resolvers attached to these shafts provide total attitude

informetion to the EDi for positioming a FDAI bell.

Entry Configuration |

During entry the GDC configuration is changed to allow generation of
udundnnt tqll stability attitude signals. The Euler attitude mechani-
"‘,u.t‘lcn‘ is disabled during this time. In the entry configuration the GDC
| ccqmtec the vehicle vittttude relative to the S/C roll stability axis
(31ift vector position). Tdis information is used to drive a FDAI ball
in roll only (pttch and yaw 'ch-nneh are disabled) and the Roll Attitude
Indicator of thg Entry Monitor System.

4=9




4.6.2

o ccnle deflecttan vulues for the Lndicqtots (both tote and attitude ’

Attitude Er:orx |

Four_ncurces are nvai{abidﬂforvﬁéivin; the'nt:i?ﬁdé éktot néédles’ou

eith:r FDAI. Thc roll, pttch end yaw nttitude eTrors. are ‘etetuined

by «he positiou of ths naedles relative to the :ﬁ.le uutks. Fuli f;'v /

"ietrOt) are aelected witu & siusle ¢ont pshel suitch

° c:m Smxrce 3 |
1 1The Inertisi Ceuplgt Data Unit: of the GoN syntem is the primary

' (source of atcttnda error iaiorastien. The Iy giubal rcsoiver signtls‘

are coaverted to digitai eignnxu in the CDU and transferted to thg

a er ior camparxuen to the desired attttude, The att:tade erxor s
‘:'deyermined and ttanofor&aﬂ ta sic ratereaced actitudc vrrarc which
f ffare fed back to the CDU, The COU p&xfatnw 2 d&gizal to naelc,

’conversiaa and supplies the 800 hz attitu&e errotr aignule to the EDA

logic ctrcuits. The three signels are fed th:ough the logit, scaling,
signal conditioning and servo electtanics in the EDA to the pitch,

yaw, and roll servometric sttitude error iudicators in one of che FDAXs.

Gd 1 Source
The unceged BMAGs in GA 1 provide a sacond source of sttitude error
information. They supply 400 hz pitch, yew and roll attitude error

signals fo the EDA for procestingrna'érive‘the‘iadlcatmra io ocne of

the FDAIs. This source is sveilable only when che GA 1 2MAGs ere ﬁncagéd.

4«10




6.4.3

IMU F:ASCP Source

GDC - ASCP Sourcz

A , - - ' o -
: “-__-—-tm R ’ s T : R . - G
.- o . .

Yoo
[ !

Anorher source nf attii ude‘nrtof information is tlie G‘f‘; ASCP. The

_chree GG ttanemicter resolvetc teed the Euler angle wignala to the

*etpective ASCP telnlvers.’ The £u1~; angle ﬁrtor signals at the ASCP

(e

reaniver outputs are fed back to the GDC for trausformntion to body | 1]

“

teferenced attitude error signalc. Theoe wOO hz’signals are sent to'

the EBA for processing to drive the indicntors in on¢ of the FDAIs‘,

Throe axls atititude error information referenced to the inertial

- treference f:ama;(IHU.stable rlatform) iﬁ_available for driving the

attitude errbr'ihdicators in either FDAI. The threelIMU gimbal resolver

'signalg @re routed through the EDA to the ASCP resolvers. The ASCP

resoivet outputs are ainé»functiona of the difference angles between
the~correspanding gimbal and ASCP resolveré. These 800 hz error
signals wre routed back through the GDC and the EDA electronizs to

drive the rDAIrattitude error indicators.

Angular Rate

GA 2 is the normal scurce of angulsr rate inférmation. Backup rate
information is available (by-axig) from GA 1. The 400 hz signals

from the BMAGs in either Gyro Assembly are fed tarough the EDA logic,

scaling, signel conditioning end servo electronics to drive the servoe

metric rate‘indica;ora in either or both FDAls.

b

‘quing,entry the yaw rate indication must be proportional to rates

I
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,gbaut the yaw stability axis. This is necessary to prevent yaw body
.tates from being indicated while the S/C is being maneuvered to change
the lift vectof poéition. Entry yaw rate signals are generated by
properlyrscaling ;nd summing the\roll BMAG output with the yaw BMAG
) output to qahcel the rate sensed by the yaw gyro. The 400 hz yaw and
‘tolll(modif;ed by tan €A ) BMAG outputs are summed to provide the
f S siability jgw rate signzl. Since the GA 1 and GA 2 BMAG 400 hz power
| is cbtained from non-synchroniZed busses, it is imperative that yaw
and roll rate signals are cobtained from the same Gyrc Assembly. The
¢ select logic in the EDA is mechanized to accomplish this (see Figure

4.5), by using GA 1 outputs for beth signals if backup rate is selected

in either the yaw or roll axis.

4.5 ARS RELATED CONTROL PANEL SHITCHES

The following is a brief discussion of the basi: function of the control
panel switches as they affect the ARS. The information displayed on
the FDAIs is a function of the positions of S2, S3, S84, S5, S6, S20,

s21, S22, $837, S50, and S51 (see Figure 4.3),

CMC ATT

The CMC ATY switch (S2) determines the source of attitude information
supplied to the G&N computer. The normal scurce ia ti.e IMU (up position),
The GDC (down position) can be used to supply backup attitude information

to the CMC in case of an YMU failure. Heither FDAI ball will be driven

with the switch in the GDC position.

4212







. EDAI SCALE

The FDAI SCALE switch (83} determines the full scale range fot4the
attitude error and rate needles. Selection of the up position rﬁsulfar /
in full scaie deflections of 52 {attitude error) and 19/sec (rate),
The center position yields full scale deflectiﬁn for 5% and 5°/sec.
In the down position, full scale deflection is obtained for 50° and
50°/sec. on the roll needles and 15° and 10Y/sec. on the pitch and

yaw needles.

FDAL SELECT

The FDAI SELECT switch (S4) determines which FDAI is active to display

informeticon from the selected scurces.

The 1/2 position enables both FDAIs and selects all sources of display.
FDAI 1 will display G&N source information: total attitude to the

ball from the IMU and attitude error to the error indicators from the
CDU. FDAI 2 will display SCS source information: total attitude to the
ball from the GDC and attitude error to the error indicators from GA 1.
The rate indicators of both FDAIs are normally driven from GA 2. 1f

GA 1 is selected and used as & source of rate information (backup rate
may be selected by axis) the error indicators on FDAI 2 will be st null.
In this position the FDAI SOURCE switch and the ATT SET switch will not

be functional for selecting display sources.

The 2 or 1 position of this switch will enable the respective FDAI. The
sources of total attitude and attitude error to be displayed is now

determined by the FDAI SOURCE and AT1 SET switches.




FDAI SOURCE

The FDAI SOURCE switch (S5) determines the source of total attitude and

attitude error to be displayed on the selected FDAI. This switch is

not functional when the FDAI SELECT switch is in the 1/2 position.

In the CMC position G&N source information is displayed: total

attitude from IMU and attitude error from the CDU,

In the GDC position SCS source information is digplayed: total
attitude from the GDC and attitude error from GA 1 (if the gyros are

not in a rate caged configuration),

In the ATT SET position the ATT SET switch determines the source of
total attitude and attitude error information. The same source selected
for total attitude display is intarfaced with the Attitude Set Control
Panel. The output error signal from the ASCP is proportional to the
difference between the selected source and the settings of the ASCP,

This generated error signal is displayed on the error indicators.

ATT SET

The ATT SET switch (S6) performs two different functions. First as
indicated above, it determines the source of total attitude and attitude
error information for displays and secondly it enables alignment of the

SCS attitude reference subsystem. The first function is performed only
when the FDAI SELECT switch is not in the 1/2 position and the FDAI

SOURCE switch is in the ATT SET positcion. The.second function is performed

any time this switch, ATT SET, is in the GDC position.




In the IMU position the IMU drives the ball and nlsofinterfdcgsféith

the ASCP to generaﬁe an error signal fotfdiaplay'od the e;torfiﬁdicttozsi
In the GDC position the GDC serves as the bmll drtve and interfaceai

with the ASCP In aduition to displaying this error it mny alao be e

used to align th@ attitude reference aystem ‘to a ﬁixed inertinl &f

reference by pressing the GDC ALIGN push button The new 1nertial

reference aligned to is th-t dialed 1nto the ASCP

GDC ALIGN | ,
| Depressing the GDC ALIGN push button (S37) with the ATT SET switch in
the GDC posit;on, aligns the GDC to the at:itude dialed into the ASCP,
It should be remembered that these two switch positions are the‘only‘

panel 1 switching necesshry'for;thié,ilignment‘-

ENTRY EMS ROLL =

: Plaring the ENTRY switcn (SSO) in the EHS ROLL position allows the GDC -

| yew channal to provide command si;nals to the Roll Attitude Indicator
stepper motor in the EMS digpiay. This aign?l fiow path is}disabléd when

the switch is in the OFF position.

ENIRY .05 G

Placing the ENTRY switch (S51) in the ;05 G position configures the GDC
to compute stability roll attitude in its yaw and roll channels. Proper
selection of the FDAI SELECT, FDPAI SOURCE and the ENTRY EMS ROLL switéhes
allows the stability roll attitude (1ift vector position) to be?displaygds

on either FDAI and the RAI of the EMS.
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4.6.1

. The BMAG MODE switches ROLL (szo), PITCH (521), and YAW (s22) provide ‘

~are provided by BMAG 2 and in the RATE 1 pOsition, BMAG 1 supplies rate

_ ATTITUDE REFERENCE MODES AND 'SELECT LCGIC

’ There are six basic configurations or mooes of opeiatiun for the Attitude

“success peths for prOViding a vieual ‘display of spacecraft attitude, error

' and rate information are available within each mode.-»

Figures 4.4 and 4. 5 are representations of the select logic in the form

of single line block diagrems which functionally depivt rhe signal flow

. performed. The FDAI SCALE switch does not affect the mode of operatior.

1

BM&G MODE - ROLL PITCH and YAH

the capability of eelecting BHAG configurations by-axis. Ihe ATT 1

RATr 2 position provides rate signnls from BMAG and angular error
[ /

srgnals from BMAG 1 (if uncaged) In tﬁe RATE 2 position rate s\gnals

signals.

Reference System. These modes are functions of the EDA select logic states
wbich are determined by control panel switch positioms. The various modes

are defined by the source of attitude and error information. Alternste

paths from source to oisplay as fungtions of oontrol panel switching.

orimary hode

With all system switching in the primary positions (CMC ATIT - IMU, FDAI
SELECT - 1, FDAI SOURCE - CMC, ENTRY (both switches)‘é OFF, ATT SET - GDC
and BMAG MODE (ROLL, PITCH, AND YAW) - RATE 2) the primary mode of the

Attitude Reference Subsystem is obtained without further switching being

4=17
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In‘thisihode; spaéécraft.attitﬁde,.értbt;fihd r;té‘a:e}dtsplayed dn FDAIL

»17.-"-»

RateAiﬁformaEion is'de:ived from the GA 2 caged BMAGs. ’Attitude and
lerror'iﬁfo:maiion is derived by the G&N (attitude from the IMU hh&‘ettor .
‘from the CMC-CDU) and ;é'displayed ditéctlj\vichout further processing N

P ;

(other than,scéling)»by the SCS.

The attitude information displéyed on the FDAI'ball;éhd roll index is ih‘
. inertiel or fixéd'axis coordinaces, while the attitude ettot.and rate

indications are in body axis;cqotdinates.l

FDAI 2
The information described above can be displayed on FDAI 2 if the FDAI
SELECT switch is placed in the "2" position. In this case, FDAI 1 is

not used.

Both FDAIs

When the FDAI SELECT switch is placed in the 1/2 position, both FDAI 1
and FDAI 2 are turned on. In addition to the display of G&N information
on FDAI 1, a simultaneous display of body rate, Euler attitude, and bcdy
error signals derived within the SCS is shown on FDAI 2. The manner

in which the attitude and error signals are obtained within the SCS is

identical to that to be described for the IMU Backup Mode (Configuration A).

Entry

At the time the earth entry phase of the mission begins, the astronaut




will place the two entry switches (S50, 851) to the S m and .05 G o

positions. All ﬁuﬁcs'a:e piaced in a rate configuration. The”boéy';

rate information from the da 2 pitch and roll gg§c8 i' diiplafed §n,thg“: |

rate indicacors of FDAL 1. Modified roll rate information from the GA 2 “
~-Toll BMAG is added to the yaw rate tniofmation from the GA 2 yaw’nyﬁc 3

to cause an apparent shift in the yaﬁ sensing axis. The tesultigé

signal provides an indication of rate about the yaw #ttb;lit& izii on the ,

yav indicator of FDAI 1.

The rate signais tfon the GA £ TOLL anNd yaw BMAGS 8L€¢ @isV sumMed aud
applied to the yaw GDC chsénnel tc provide roll stability attitude inform-
ation to the Entry Monitor Systeﬁ (EMS). The rate signals froﬁ'the GA 1
roll and yaw BMAGs are sﬁmned"and supplied to the roll GDC chemnei to

generate redundant roll stability attitude information for display onﬁ

FDAI 2 if boti. FDAIs are selected.

Backup Rate

Backup rate can be achieved by-sxis by placing the BMAG MODE switchesfin
the Rate 1 position. This action causes the GA 1 BMAGs to be caged and
thus supply the required rate signals. The GA 2 BMAGs are always caged
but the output rate signals are not used under these conditioms. Placing
the BMAG MODE switches in the ATT 1 RATE 2 position does not affect the

informatiomm displayed in the prizary aode.

CMC Backup Mode

With all system switching in the primary po&i;ions, the CMC Backup Mode

4=2Z]




is obtained when the following switching is performed: FDAL SOUKCE to
ATT SET and ATT SET to IMU.

‘In this mode, the system deecription is identical to thet of the Primary

Mode except for attitude error informatiom.

" The G&N attitude 1nfornatlon (fto- the IHU) is subtrncted from thc
,dttitude dialed into the Attitude Set Control Fanel. The ditfetent
signals ere then uaed to position the attitude erto: needle; da the

. IDAI. The errora isp aya& arc 1:,* 12 refes ca~z£ :z.urs.

“This mode is primarily iutended for use if twe G&N OMC 1a?uot'opat081e.' L
' -bug-thg_nada could e csgd-at any ;Lxc;'
 ,'The snb-noda auitcu;n- descx&bcd for the Prinn:y uode (exccpt "Soth rnaxs")
“is also bpplirable to the CHC lackup Hodn The Cﬁﬁ Blckup Hode 1: not L

.avaiiabla vhen the Fnﬁl StLEGT SRITCE is pllcnd tu tﬁe 1!2 poattiou.

Gan Beck thaw |
With a;l aysten switching tn the prinnty poattiont, the caa nackup Hode

ig obtained by placiug the raax 500!63 !uitch 1n the ATT SE* 9ositton.

in this mcde;~the Gac,p:eviéeavt&e héutce for the &iaplay“of‘tocul

attitude andylttjtude‘értaridn FDAL L. Tha ba&y razan for dl«pl*“ n:e

axw& s derived fto- the SGS 4yros.

Gyro rate nighqlawaté coavat;ad to Zulsr nngies in the GOC and displayed

on the FDAI ball. The attitude error for &1-p1-y is derived in twc steps.




a.é,aj

5

 First the differences between the GDC and the Attitude Set Conmtrol

Panel resoclver angles cre taken. Then the difference is converted

to body axis erroirs in the GDC and displayed on the attitude error

needles.

The sub-mode»switching described for the Primary Mode (with the ex-

ception of "Both FDAIs"™) is applicable to the G&N Backup Mode.

DY Backup Mode (Gonfiguration A)

Hi&h-aii’systém é&itching'in the'primary positions, the IMU Backup

" Mode (Configuration A) wili be obtsined when the FDAI SCURCE switch
is placed in the GDC pocition and the BMAG MODE (ROLL, PITCH, YAW)

- switches are set to the ATT 1 BATE 2 position.

In this mode, the informetion for th§ display of tetal attitude on

the FDAI 1 ball is derived within the GDC.

 The tace'information for display is cobtained from BMAGs in the rate

mode. The attituce =rror display is driven by signals derived from

BMAGs in the attitude mode.

The sub~mode switching described for the Primary Mode is applicable
to the IMU Beckup Mode (Configurstionm A) with the following exceptions:
1) Selection of Backup Rate results in a losas of body
attitude error informatiom,

2) There is no attitude error information available for

the entry mode,




4.6.5 IMU Backup Mode (Configuration B)

With all system switching in the primary positions, the IMU Backup
Mode (Configuration B) is obtained by placing the CMC ATT switch in

the SDC position.

In this mode the GDC provides attitude information to the CMC and

allows the.G&N system to drive the attitude error indicator of the

FDAI thru the CDU (if a CMC Program is availeble to do it), Body
rate information is still displayed or the FDAI rate neadles. In
this configuration totsl attitude fnformstion is not availadble from

any source for display on either FDAI ball.

4.6.6 Alignment Mode
With all system switching in tche primaxy positions, the Aligrn Mode

will be obtained when the GDC ALIGN butten is depressed.

In this mode the GDC is aligned to the attitude dialed into the ASCP,
All axes are egligned simultaneously. This mode takes Precedence over
all other modes using the GDC and is gensrally used to align the GDC

prior to usiug one of these modes.

Even though it plays no role in the #alignment of the GDC, nulls will

be observed on the FDAI attitude error indicators st aiignment completion
when the FDAXI SOURCE switch is in the ATT SET position and FDAI 1 or

FDAI 2 is selected with the FDAI SELECT swvitch. The slignment may alaso
be observed on the FDAL ball if the FDAT SOURCE switch is in either the
ATT SET or the GDC position.

4=24




If the ATT SET switch is placed in the IMU position, the IMU provides
an input to the ASCP and & closed loop for the GDC aligrment is not
present. However, in this configuration the attitude set thumbwheels
cen be positioned to null ocut the attitude error and provide an
accurate readout of the S/C attitude with respect tc the G&N stable
platform on the ASCP, The ATT SET switch can then be placed in the
GDC positicn end the GDC ALIGN button depressed tc uccurately align

the GDC to the stable platform reference.

ARS FUNCTIONAL CIERATION

Figure 4.6 shows by way of a block diagram the functional signal flow
paths through the GDC end the interfacing hardware for these paths.
The blocks in the figure which sre not pert of the GDC are the BMAGs
(located in GA ! and GA 2), the Roll Attitude Indicator (located in
the EMS), the IMU (pert of the G&N), the control resolvers (located

in the ASCP), the EDA and the FDAI ball.

The primary purpose of the GA-GDC combination is to prcvide a backup
attitude reference system for accurately displaying the attitude of
the S/C relative to a fixed reference frame. The GDC is mechanized

to operste in any one of the following modes:

a) Euler - computes total attitude from body rate signal inputs
to drive the FDAI ball and transforms inertislly referenced

errors to ¢rive the FDAI attitude error needles. -

b) Single Axis - computus digitai body rate signale from DC body

rate signal inputs for use by the G&N system.
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4.7

1

¢) .05g (entry) - computes roll stability attitude from body
rate signal inputs to drive the RSI of the Entry Monitor

System and one of the FDAI's.

d) GDC Align - provides a means of aligning the GDC reference

to a given reference through the Attitude Set Control Panel.

Euler Mode

In the Euler mode, the GDC takes pitch, yaw, gad roll DC body rate
signals from either GA 1 or GA 2. These body rate signals are converted
to Euler rate signals by the Body-~to-~Euler transformation mechanization.
This transformation generates pitch and yaw Euler Rate signals (and the
required term, which when summed with roll body rate, will provide the
roll Euler rate signal) using body rate inputs from the pitch and yaw
gyros. The Euler rate signals are converted to pulses by the Voltage

to Frequency converters. These pulses drive stepper motors which drive

the tranasmitter resolver (RX) rotors through gear trains such that the

rotor position for each resolver represents that particular Euler angle.

The transmitter resolver outputs furnish the drive signals to the servo o

electronics in the EDA which drives the FDAI ball in three axes to thé ‘

same angular positions as the transmitter resolvers.

Transmitter resolver outputs are also supplied to the coatrol resqlvers«f'

(RC) iun the A3CP. The control resolver outputs (ﬁunmtions'of;the
difference between RX and RC rotor positions) are fed back to the GDC.

These resolver outputs are inertially referenced attitude error signals.
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-1t is desirahle to provide an 1ndication of the vehicle maneuvers

? ‘necess-ty to nnll the ‘attitude ertorc. Hence ‘the Euler attitude errors

are convetted to tﬁody referenced nttitude errors by che Euiet-to-Brdy |
transfotmtion mechaniution. l‘he Euler-to-Body mechani.zltion receives
eignnh fron the pitch end yew control resolvers co generace pitch arsd ?
{  ya&w body’ nttitude errors and the tetn.uhich when adned to che roll
onerel reaalve: output, tepresents roll body attitudo error. These
body attitude errors are supplied to';he_EnA,setvo/electtonieo which ;

‘drives the FDAI ser\ioﬁetric meter mcvements.

4.7.2 v .single Axis gnon-Euiet}AHode
o In the Single Axis Mode the GDC tekes pitch, yaw and roll DC body rate

signals from either GA 1 or GA 2. These signeh are fed directly (by
axia) to the Voltage to Fre'qiueﬁcyﬁ cmvertets. The V t:o F converter
output pulses (di.gi.ul body rate signals) are sent to the Gﬁl Comnd
‘Module Conputex. The GDC thws provides the CMC with a source of attitude
information if the IMJ fails. “The li;nee,fro.n ft.he' GDCV tc’.!’ Convertet

' to the CMC are a.lwey‘s embled in the GDC. The enabie-disable logic for

" these lines i.s contei.ned 1n the G&N coqmret.

.05 G _(Batry) Mode

Lo

‘%O:".

1

In the Butry llou the cnc tahee veu end roll nc body ns:e u;m).c £:ou.

o 1) -Bi.t.t&er Gyro Asnwbl.y nd conputes t.he roll atth:ude nbout the
roll stability uu t.o mtaca vith the m ot the Entry |
!hni.tot Sym (m) | |

2) Gyro Assembly 1 snd sampuses :‘oll‘etcitede about the roll stability




3 ax;sftb_drive either FDAI 1 or FDAI 2 in roll only.

The roll dttituﬁelis computed in the GDC by mechanizing the following
equation:v P = (p cos a( - T sino()d-‘ -~ where Pe is the roll angle
- about the Atability axfs, P and r are the rcll and yaw DC body rates

;respectively, and'-(is the angle between the CM body end stability axes.

‘Align Mode -

vlﬁ'thé Align Mode the GDc.takes Ac'aitifude‘error éignals from the
j.Atpitu&e,$e£~Co£troi Panel to align the GDC to the commanded angles
’dialed 1ntovthe'ASCP'wheneﬁer the GDC ALIGN switcﬁ‘is‘depressed, The
control resnlver outputs hré f&d(by axis) to the V to F converters
to drive the tr#nsmiiter resolver rotors (through the stepper motors

end gear trains) to the same angles as the respective control resolver

rotors.

Thc‘etrbrvsignals are disconnected internally in the GDC whenever the
Attitude Set switch is placed in the IHU posltion¢ During the Align

cperatiou, all other anuta aad modea of operation,are 1nhih1tzd

),
2

‘ Hhcn thc EMS RGLL sthch 1s ON and the GDC Align awitch is depressod
(uich the ATT SKT nwitch in the GDC Posicion), the RAI pointer rotates‘

- in retponse to ysw ASCP chnmbwheel rotationn.

Anm E_REFERENCE muum FEATURES
Backup Rate Redundaency | C |
In the Euler and Single Axis modes, the GDC noiunlly operates on




rate signals from GA 2. However, if a gyro fails in this assembly,

it can be switched out internally in the GDC and the corresponding

8Yro in GA 1 switched in.

During the .05 G mode, the GDC roll axis normally operates on roll
and yaw rate signals from GA 1, where as the GDC yaw axis normally
Operates on roll and yaw rate sigrals from GA 2. If a gyro in GA 2
fails, it is possible to switch out that gyro and switch in the
corresponding gyro from GA 1 without disrupting GA 1 normail cperation
with the GDC roll axis. However, if a gyro fails in GA 1, it is not

possible to switch out that 8Yro nor switch in the corresponding gvro

from GA 2.

Redundant Roll Stability Attitude

During the .05 G mode (or during alignment immediately before the .05 G
mode) the roll axis of the GDC operates independently of the yaw axis such

that no single failure in the GDC causes loss of both channelgs. v

Two power supplies are uged (each cne receiviag AC power from independent
sources). One supplies power to the GDC roll axis and the other to the

yav axis. 28V DC power is supplied to the two channels from alternate

busses algo, 3

Alternate Refergpce for Radundant ¥DAls
Since the GDC is requirsd to Interface with either FDAI ! or FDAI 2 and
since FPAI 1 operates from 115vac bue 1 smd FDAI 2 operates from 1l15vac ;?-

bus 2, the output resolver reference is switcied aus a function of the

b= 3




FDAI selected. Logic signals (which indicate the FDAI selected) from

the Electronics Display Assembly are used to switch the reference to

the GDC output resolvers.

GYRO DISPLAY COUPLER MECHANIZATION

Figure 4.7 is & block diagram showing the functional mechanization of
the GDC signal flow paths from the Gyro Assembly interface to the 9,
¥, and @ shafts and the CMC and RAI interfaces. Figure 4.8 is a

block diagram showing the signal flow paths from the transmitter resolvers
on the GDC shafts and the IMU resolvers to the FDAI balls and (through

the ASCP control resolvers) to the FDAI attitude error needles. The
following five sections describe the mechanization depicted on these

two figures. All relays are shown in the de-energized state. Kelays

are energized by satisfying the specified logic.

Euler HMode Mechanization

In this section the signal flow paths involved in driving an FDAI ball
o display inertiul attitude of the S/C and in driving the FDAI attitude
error needles to Jdisplay the difference between actual S/C attitude and

the attitude dialed into the ASCP are considered.

4.9.1.1 Basic Functions

The CDC is required to perform two basic functions in the Euler Mode:
1) Compute, store, and continuously update the total attitude of
the S/C utilizing DC body rate signals from the Gyro Assemblies.

2) Compute and continuously update the S/C attitude error in each
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af the thtee SIG bouy a:&es ntiltzing rhe imrthl t"eterenred_ _;

(Euler) nttimde error . atgmls from the ASC AT

The "Eulv‘e;r '/an"gl’esiére calputed in vt“he_ ‘G‘DC' 53 mechya@igix;g;?;he foiimm,, )
equations: ’ | ( o | ' ﬁ
_ 0= fﬂdt- ;%T-i-(q /esi-taiui) dlt
»Q- f’dturi [(tcm!-i-qah Q) dt

P = [9 At = f( -9 sin m Cde

" for - 100%/sec £ 9 I, <*' + f&'ﬁb";’wéc -
and - 60° <P <+ 60° =

‘ wkxexe q, X, and p axe éitc&./ yaw end roll bédy retes
respec:tvelﬁ;; and Q, !, and @ are pitch, yav and roll

Euler angles respectively.

me_bosﬁyvul’:t’imde error angles are computed in the GDC by mechsnizing
the following equations:
D%, = AV sin 8§ +&9 cos § cos §
ABy = AW cos § -8 cos ¥ sin @
A = NP + AP ainir “
for -60 °€ ¢ ¢ + 60°
whe:e &%, ﬁ'h néd,&ii, a,fé .tﬁe'bit’ch,‘"yéb 5@-:@11
body angle errors respectiveiy; | o |

and A9, 23! c.m! A8 are the pitch, yav and roll Euler

Oﬁzla -eITors tatpﬂzctively. s




4.9.1.2 DC to AC Conversion

; | rﬁéﬁpit¢h;‘yaw and roll gyros in GA-2 {or GA 1 if backup rate is
selected with the appropriate BMAG MODEZ switches) supply DC signals
proportional to the vehicle angular rates about the respective axes.
For positive S/C angular rates, the pitch and yaw gyros supply -0,1
vdc/®/sec and the roll gyro output is +0.1 vdc/°/ sec. Since the
Euler transformation mechanization utilizes resolvers, the pitch
and ysw DC signals must bs converted to AC, (A study of the Euler

equation shows the IOLI bwdy rate (P) does not have to be modified.)

The DC signals are cyclc-chopped by modulators to providewZZOO hz

'signals with amplitude equal to that of the DC DC ‘signal. The choice of
2200 hz is based on the acouracy'reQuirements'of the transformatiocn
and the necessity of eliminating 400 hz and 800 hz harmonic interferance.

Each of the two modulated signals feed high gain buffer amplifiers.

4.9.1.3 Forward Euler Transformat.on
The forwerd transformation (body rate to Fuler rate is usually referred
to as the forward transformation while the inertial attitude error to
body attitude error is identified as the reverse transformation)
generates three signals which are functions of the pitch (q) and yaw {r)
‘body rates and sine or cosine functions of the yaw (¥) and roll (@) Euler
angles, The reselvers shown in Figure 4.7 are mecianically attached to
the @ and ¥ GDC shafts s: s?ecifieoi (See Appendix II for explanation

~ of the resolver representation,)

" The Euler Mode is functional when relays K 87 end K 89 are energized.



(The "Euler" logic term is generated when the CMC ATYT switch is in
the IMU position). Notice the logic on relays K 87: Euler . 7635 .
GDC ALIGN. This indicates that the .05g (entry) and GDC align modes
take preference over the Euler mode, 1.&., the Euler mode is inhibited
during the entry phasa of the mission and during aligonment cf the GDC.
Relay K 89 serves to prevent the input buffer amplifier for the ¥
reselver from saturating in & non-Euler mode when che P resolver is
pcsiticned near 90° or 270°. Thus when the Euler Mode is mechanized,

all relays are in the state shown except relays K 87 and X 89,

Now consider the signals which are conditiongd by the forward Euler
transformation mechanizatfon conaisting of the ¥ and § resolvers and

the three buffer eamplifiers. The 2200 hz modulated pitch r#s - (-q)

and yaw rate (-r) signals are fed to the buffervamplifiers. Input
compensation windings within the @ resolver provide a second input

to the buffer amplifiers to minimize distortion of the signals. The
amplifiers provide the necessary gain and inversion of the signals.

Thus the signals at the @ resolver inputs are 4+q and +r. The lower
output from the @ resolver is q sin @ + r cos @. This signal represents
yaw Euler rate (é). The signal is then demodulated and the DC signal

is sent to the yaw V to F converter.

The upper output of the @ resolver (q cos # ~ r sin @) is fed to the
third buffer amplifier. Notice that this amplifier has a feedback
path through the cosine winding of the P resolver. Hence the gein

of the buffer smplifier is -(cos ﬁ)-l or -secant ¥. An additional




4.9.1.4

inversion of this signal is obtained through the compensation winding
of the Y resolver. The compensation winding ocutput is thug secant ¥

(Q cos § - r sin @), This pitch Euler rate signal (8) is demodulated

and sent to the pitch V to F converter.

The ¥ vesclver input, - secant ¥ (q cos @ - r sin #), is coupled
through the sine winding to provide - tan ¥ (q cos @ - r sin @) at
the output. This signal is demodulated and sent tc the roll V to F
converter where it is summed with the roll rate signal (+p). Hence
the input to the roll V to F corverter input is p - tan ¥ (q cos @ -

r sin @) which is roll Euler rate (9).

Thus the three Euler rate signals asre fed to their respective V to F
converters. The signal flow paths for the three signals from theee

points to drive their respective .DC shafts are identical.

Voltage to Freguencx Converter

The V to F converter consists of a chopper stabilized DC amplifier
and complementary positive and negative level detectors and reset
circuits. 1Its function is to convert analog DC signals into proport-

ional digifzal output pulses. Two outputs are generated, one for each

input polarity.

The design incorporates accurate integration of the input by means
of the chopper stabilized amplifier with capacitive feedback. When
the integrator output resches the lavel for which the level detectors

are calibrated, the appropriate level detector provides a digital
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pulse to the output and a comrand to the reset circuit. The reset
circuit generates an accurate current pulse to the integrator inpdt
which resets the integrator. The t:ansfer function of the V to F
converter is 200 pulses per second outpﬁt for each volt input.

Since the input scale factor is 0.1 vdc per degree per second, the
VioF converter outpué scale factor is 20 pps per G/sec. In other
words each pulse out of the V to F converter represents a change of

0.03 degree at the input.

4.9.1.5 Frequency Divider
The frequency dividers consist by binary counters. The counters
divide the V to F converter digital pulse train by 2 (for outputs
to the CMC) and by 4 in the pitck, yaw and roli channels, snd also
by 8 in the yaw channel (for driving the RAI in the EMS), However,
in the Euler mode we are concerned only with the division by 4 in each
channel. The frequency divider output scale factor is thus 5 pps

per °/aec, i.e. each pulse represents 0.2 degree.

4$.9.1.6 Stepper Motor Drive Logic

The stepper motor drive circuit controls the excitation phase of the
two coils on the stepper motor. Each pulse causes the motor to step
one increment. The phase of the pulse: determines the directior the
motor steps. Thus, the direction and speed of the motor is controlled

by this drive circuit.




£.9.1.7 | Stepper Eotor - Gear Train
The position of the reaolver ghaft is controlled by the aﬁepper motor

P

through a 225:1 ggar train ;educ;iqn._ The stepper moter dtiveﬁ the -
geér train input shaft in 45 degree increments. Hence, the reaolver

shaft (being connected to the gelr train cutput) is driven 1n 1ncrements_
of 0.2 degrees. Recall thnt the pulsea which drive the stepper motor
repres;nt 0.2 degrees attitude change at the V to F converter input.

Thus the shaft position for each channel represents the Euler lngle in

the corresponding axis. - = - -

4.9.1.8 Resciver Assemblics ) o . R /f_r

The GDC contains t.ree résolvef‘assembii;;, oné oh each éfitﬁé shafté
which are connected tb the gear tr&iﬁ‘outputs. The pitch resolver
assembly has a single QOO_hz transmitter resolver (RX)‘oqrita shafta I
The ygw and roll resolver assemblies are identical, each having =

one 400 hz transmitter resolver and two computstional resolvers in
tandem on their shafts. One of the computational resolvers (Euler
rate) is operated at 2200 hz while the other (body attitude error)

is operated at 400 hz. The body attitude error output to the displays
is obtained directly from the computation resolvers. The Ruler
attitude information for display is obtained from the transmitter

resolver of the respective axis.

4.9.1.9 FDAI Ball Drive Circuitry
The function of the FDAI ball drive circuitry is to position the ball

in the 3 axes to the same aﬁgles as the 3 GDC resolver shafts. As
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indicated in Figure 4.8, the FDAI “all can be driven from the MU

resolvers or tle GDC RX resolvers. The select logic in the EDA

| 1,'detern1nee whic coatrol gsth e enabled The select logic is

4.9.1.10

controlled by the control panel luitchea ~ In the Euler mode we

are concerned with driving the ball to the attitude represented

by the GDC resolver shsft positions. - - — — - - _

Figure 4.9 is a pictorial drawing showing the GDC shafts, the

FDAI gimbal resolvers and motors and e simplified version of the

'servo drive electronics located in the KDA. The 400 hz total
‘qititﬁde;iiﬁndii‘ife fed from the GDC KX .=<civers ta the respective

-fFﬁAI gimbal fésolvert. If an FBAI gimbal resolver 13 positioned o

at an angle dtffercnt from the tespective GDC resolver, an lulet

error signal is fed irom the FDAI resolver to the respective EDA

 servo amplifier. The servo amplifier output drives the respective

- FDAI gimbal motor until the Euler error signal is nulled (at which

time the FDAI gimbal angle is equal to the respective GDC shaft
angle). Dynamic stability of the servo loop is ensured by providing
@ negative feedback signal to the servo amplifier proportionsl to
the velocity of the gimbal motor from the velocity generator

(tachometer) vhich is part of the motor assembly.

FDAI Attitude Error Indicator Drive Circuitry
In the Euler Mode the attitude error needles can be driven by the SCS

from either the uncaged BMAGs or the ASCP-GDC mechsnization, depending

upon the state of the select logic. With the BMAG source, GA 1 provides
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400 hz signals proportional to the difference between the ,ctual
ittitude of the S/C and the attitude of the S/C at the time the
BMAGs were uncaged. These body referenced attitude error signals
are fed through the EDA logic, scaling,'signal conditioning and
servc drive electronics to deflect the appropriate FDAI attitude

error needles.

‘When u%ilizing the attitude set mechanization, the 400 hz total
attitude signals are fed from the GDC transmitter resolvers (RX)

to the respective ASCP control resolvers (RC) through the normally
closed K 56 relay contacts (see Figure 4.8). The control resolver
outputs are proportional to the difference between the Evler
attitude (RX angles) and the desired attitude (RC angles) dialed in the
ASCP via the thumbwheels. The resultant attitude error signals out
of the control resolvers are referenced to the inertial (fixed)
reference frame. It is desirable to display the attitude errors
relative to the S/C (body) sxes because the changes in attitude are
commanded and performed relative to these axes via the Rotation
Control, electronics and RCS engines. Thus the Euler attitude error
signals at the control resolver outputs are fed through the normally

open K 88 relay contacts to the reverse (Euler to body) transformeation.

The rsverse transformation equations (ss previously stated)are:
A% =AY sin P + A0 cos ¥ cos §
AV, =A¥ cos P - A0 cos ¥ sin ¢
A%, =D + A0 stn}
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where AQ,, AW, and A@, are the attitude errors referenced to the

pitch, yaw and roll body axes; A9, AV and AP are the attitude
errors referenced to inertial reference frame; and 0, ¥ and @ are

the Euler angles.

A8 from the pitch RC is fed thru a bﬁffer amplifiex whose output
is = A9. This signal is coupled through the ¥ resolver to yield

- A® cos ¥ and + A0 sin P. The latter signal is summed with

A9 from the roll RC in the AC amplifier to yield the A%, signal
to the roll attitude error electronics in the EDA. The former signal
is fed through a buffer amplifier to provide + A0 cos V at the top
input to the @ resolver. The yaw RC output is fed through a buffer
amplifier to provide - ’AU at the lower input to the @ resolver.
These two signals are coupled through the @ resolver to provide a\ Y
and AW, signals to pitch and yaw attitude error electronics
respectively in the EDA. The EDA electronics contains the logic,

scaling, signal conditioning and servo electronics for properly

driving the FDAI attitude error needles.

4.9.2 Single Axis ‘Backug IMU) Mode Mechanization

In this section the signal flow paths involved in providing digital
body rate pulses to the Command Module Computer of the G&N system
are considered. The Single Axis mode is enabled oy placing the

CMC ATT switch in the GDC position.
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Analog Body Rate Signals
The pitch, yaw and roll gyros in GA 2 (or GA 1 if backup rate is

selected with the appiopriate BMAG MODE switches) supply DC signals
proportioral to the S/C angular rates about the respective axes.

For poaitive §/C angular rates, the pitch and yaw gyros supply

.=0.1 vdc/%/sec and the roll gyro output is +0.1 vde/®°/sec. In

the Single Axis mode none of the relayc are energized. 'Hencé, it
is apparent that the Single Axis mode i: enabled only if the other
three modes are disabled. When in the Single Axis mode, the gvro
DC rate outputs are fed directly (through the K 83, K 84, and K 87

normélly closed contacts) to the respective V to F converters.

Generation of Digital Body Rate Signals
The V to F converters act on the inputs to produce digital body

rate signals (pulse trains) as described in section 4.9.1.4. These
signals are fed to the frequency dividers (see section 4.9.1.5).

The frequency divider output scale factor at the CMC interface is

10 pps/olaec. Thus each pulse represents a change in attitude

about the respective axis of 0.1 degree. It should be noted that
the phasing of the roll gyro output differs from that of the

pitch and yaw gyros. The correction for this difference is performed
at the interface between the V to F comverters and the CMC. It
should also be pointed out that it is doubtful whether the CMC will
be programmed to utilize these body rate pulses. »However, the SCS

is still required to meet all the performance specifications for this

mode.
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.05g (Entry) Hode Mechanization

In this section the signal flow paths invnived in driving an ?DAI
ball and the Roll Accitude Indicator of the EMS to dioplly thz relattve
position of the CM 1ift vector about the rol) szability lxil are

considered,

Basic Functions

The GDC is required to perform three basic functions in the Entry Mode:

1) Compute, store and continuously update the S/C attitude relative
to the roll stability axis for display on an FDAI utilizing DC
body rate sigauls from GA 1.
Compute and continuously update the S/C attitude relative to tﬁe
roll stability axis for display on the RSI utilizing DC body rate
signals from GA 1 or GA 2. |
Ensure that no single point failure results in loss of the ability

to display Roll Stability attitude.

Roll stability attitude is derived from yaw and roll body rates (r and

P tedﬁectively) by mechaniziny the equation:

Lo
J(Og dt = f(p cos X - r sin o) dt

GCenerating Roll Stability Rate

As indicated by the equation above, ths GDC is mechanized to derive roll
stability attitude by integrating roll stabiiity rate. Roll stability |
rate is generated by sumring modified yaw and roll body rates. The relay
control logic shown in Figure 4.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>