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PREFACE

This training manual provides a means of familiarizing the reader with

the Block II Stabilization and Control System (SCS).

is not to provide a detailed circuit analysis, but to instead convey a

functional

description of the system's capabilities. To achieve this

Its primary purpose

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.

control, the subject matter should be considered for training purposes

only.

The following documents represent the reference material utilized in the

preparation of this familiarization manual.

It is recommended that the

Since this document is not subject to revision

reader utilize these items as a supplement to the text in order to obtain

additional
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SECTION 1

APOLLO MISSION AND SPACECRAFT

INTRODUCTION

Honeywell has been designated, under contract from North American
Rockwell (NR), to design, develop, and manufacture the ;tabilization
and control system (SCS) for the Apollo command and service modules
(CM/SM). Honeywell is therefore responsible for the achievement of
specified system performances based upon North American supplied mission
and interface requirements, along with data defining the spacecraft
vehicle dynamics. The basic definition of the stabilization and control
system includes a spacecraft '"autopilot'" subsystem, manual control,

and associated cockpit displays.

APOLLO MISSION

A profile of the Apollo mission is shown in Figure 1.1. The primary
objective of the Apollo mission is to land a manned vehicle on the lunar
surface and safely return the crew to Earth. This ultimate goal will be
accomplished using Block II Apollo vehigles. These vehicles will use
electronic systems (including the SCS) which have been redesigned and

feature advances in the state-of-the-art learned from the earlier Block I

vehicles.

The lunar spacecraft in Project Apollo is being developed under direction
of NASA's Manned Spacecraft Center at Houston, Texas. The spacecraft has

three main elements: a command module (CM), a service module (SM), and a

1-1
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lunar module (LM). The command module carries the three-man crew, plus

guidance and control instrumentation. The service module contains
instrumentation (to which access by the crew is not necessary during
flight) and the primary spacecraft propﬁlsion 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 Figure 1.2.

The 3,000-ton Saturn V will be launched from the Kennedy Space Center,
Florida. The first (S-IC), second (S-II) and third (S-IVB) stages are
fired in succession to place the third stage and the Apollo spacecraft
into a "parking" 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 miles per hour). The command plus service modulesvseparate after

the adapter shroud surrounding 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 spacecraft approaches the moon, the large propulsion unit on the
service module is fired to- slow the Apollo plus LM into a precise circular

orbit about 80 miles above the moon's surface.
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Two astronauts then crawl through the egress hatch of the command 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/SM remains in

the circular lunar orbit.

A large glass cockpit area in the LM allows the two astronauts to have

a line of sight view of the touchdown site. With the descent engine
firing and landing gear extended, the vehicle automatically 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-
vation of surface characteristics, core and 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 launched. Radar and visual contact
are maintained between the two converging vehicles, and final docking will

’

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

After docking, the two LM astronauts transfer back to the command module.

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

is restarted, injecting the command and service modules into a trams-earth
trajectory. During the trans-earth coast 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 project 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-
ployments begins. A drogue chute first slows the module, and then at
10,000 feet, the main chutes open to bring it tc a safe water landing.
Earth based ;adar and optical instruments will track the entry descent,

and helicopter recovery teams will cover the crew and command module.

/ .l-,é.




1.

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 manned Apollo vehicles. It

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

The Saturn V is able to place more than 120 tons into earth 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-II second stage burns over one 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 hour. The stage is 81 feet long and 33 feet in diamter. It

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

burning liquid hydrogen and liquid oxygen. The fueled weight of the stage

is 1,064,000 pounds.

1-7
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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 third stage ignites and
burns for about two minutes to place itself and ;he 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 control equipment for the launch vehicle. It is 3 feet long, 21.7

feet in diameter and weights about 4,100 pounds.

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 SM 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.
S The Launch Escape System is 34 feet long. It contains a 150,000 pound
thrust launch escape engine, a 33,000 pound thrust tower jettison engine

and a 3,000 pound thrust pitch control engine. Normally the LES is
jettisoned about three minutes after lift off. For an abort, the LES

would carry the CM up and away from the launch vehicle$ path.
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SPACECRAFT ENGINE AND AXES DEFINITION

Figure 1.4 provides a reference for describing and defining the spacecraft
reference axes and rotations, gimbal angles and RCS engine functions and

nomenclature.

Reference Axes .

The reference axes of the spacecraft are orthogonal and are identified as
follows: the X-axis is parallel to the nominal launch axis of the
spacecraft, and is positi&e in the direction 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 angular displacements are identified by the symbol "@'" and
angular velocities by "p" or "é". Pitch angular displacements (8) are
those about the Y-axis. Pitch angular velocities are identified by "g"
or”é”. Yaw angular displacements and velocities are generated relative

to the Z~axis and are identified by "ﬂ" and "r" or "9V" respectively.

Gimbal Angles

The SPS engine is mounted in a double gimbal ring. The engine can be

2
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deflected about the gimbal hinge points by providing proper command signals
to the servo actuators. The gimbal hirge points define lines which are
parallel to the spacecraft Y and Z axes. 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 identified
by quad (A, B, C or D) and number ( 1, 2, 3 or 4), A translation along
any S/C axis or combination of axes can be accomplished by firing the
proper combination of RCS eﬁgines. 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 (+ 8)

would be provided by firing engines C3 and A3. An upward translational

acceleration (along the -Z axis) would be provided by firing the B2 and DI

engines.

The Command Module contains two sets of 6 RCS engines each. The engines
for each set are numbered 1 through 6. The first numeral of the engine
identifying number designates system 1 or 2. The two systems have independ-

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

1-12
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control capability about all three axes. There is no requirement for

translation capability with the Command Module.
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SECTION 2
INTRODUCTION TO THE SCS

GENERAL

The Stabilization and Control system (SCS) provides a capability for
controlling spacecraft rotation, trahslation 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, automatic 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
subsystemsj these are common to the SCS and PGNCS for all control functions.
The main display and control panels contain the switches used in selecting

the desired display and control funct ons.

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

entry, etc.). Mode switching would, for example, employ one switch labeled

N
i
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"midcourse" to automatically accomplish all the necessary system gain
changes, signal enables and disables, etc. for that mission phase.

Thus mode selection simplifies the crew tasks involved, but limits

system flexibility between various mode configurations. Function select
switching, on the other hand, requires more crew tasks, but offers
flexibility to select various gains, display scale factors, etc.; as
independent system capabilities. Function select switching also allows
flexibility to '"switch out" part of a faileJ signai path without‘affecting

the total signal source (e.g., use of the SC5 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 maneuvers, 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 addition to providing the interface
for G&N control, the system provides the capability for complete SCS

attitude control of the vehicle during thrusting, and on-off control of
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the thrust engine. Redundant sets of Body Mounted Attitude Gyros
(BMAGs) provide a SCS attitude reference while the velocity 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

capability 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 maneuvering rate. In addition, other

displays show SPS gimbal position, attitude set, and a redundant roll angle

display during entry.

BASIC SCS REQUIREMENTS

In June of 1964, NASA directed the program definition phase of the Block

IT1 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 Saturn launch
vehicle and during tower aborts.) NAA (with Honeywell as subcontractor)
was assigned backup stabilization and control whenever the @&N system is

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

-3




. system included:
1. No inflight maintenance requirement.
2. Provide flexible manual TVC capability.
3. Provide a capability to hold vehiclé attitude in two axes while
maneuvering in the third. .;
4. Incorporate function select switching.

5. Selection of back-up rate will not destroy SCS attitude reference.

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

1964. This was a period of cooperative effort between NAA, MIT, and NASA

to determine the feasibility of the Block II approach, establish require- o
ments in the interface areas and detail the mechanization. -;
As a backup to the primary GN&C system the SCS provides stabilization and
‘ control of the spacecraft for rotation, tramslation, and SPS thrusting -
using the command and service module reaction engines and the SPS engine ui
gimbal servo; and it provides the required displays and controls to permit
the necessary crew interface with the controlling elements. The system is -
designed for use in backup to, and for interfaces with the primary vehicle
guidance and control system. -
2,351 Automatic Control b
The capability for attitude hold in any or all three axes to within the 2
limits of the system deadband, using the SM reaction engines (or the CM -
engines for the command module - only configuration) is required from _;
S-IVB separation up to 0.05g (entry). Attitude hold capability is provided
in axes not being maneuvered in, when in rate command mode. It is not o
|
L
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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 SPS engine gimbal trim. The G&N system outputs to the
SCS are analog SPS gimbal 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.

Manaul 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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Manual thrust vector contrbl (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 capabiiity includes maximum possible

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

for 90 degrees, then decelerate continuously for 90 degrees.

While in an acceleration ccmmand mode the vehicle is in free drift, with
no commands present. Alsb, the G&N system manual minimum impulse controller

does not directly interface with the SCS.

Reliability Requirements

The SCS is designed such that no single failure results in the loss 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 assumed that the mission success reliability of the SCS is to be
consistent with achievement of the spacecraft electronics system reliability

objective of R = 0.984.

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

additional failures) within the system.

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

required. This eliminates the requirement for a redundant automatic attitude

€rror source,
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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-link
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

enable-disable control for the SCS reaction control drivers.
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‘ Entry Monitor System - The SCS provides signals to the EMS which drive
the Roll Attitude Indicator to display spacecraft roll attitude during e
the entry phase of the mission. The EMS AV counter proviqes a discrete
-
SPS engine off command to the SCS to end a thrust maneuver.
o
Primary Guidance Navigation and Control System - The SCS interfaces with
the Inertial Measuring Unit (IMU), the optical and inertial Coupler Data -
Units (CDU), the Command Mcdule Computer (CMC) and the Inverter of the
PGNCS. Tﬁe IMU provides pftch, yaw and roll total attitude information ot
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 )
o
the SPS thrust engine respectively. TVC servo commands are supplied via
‘ the optical CDUs to the SCS for automatic thrust vector control. 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 i
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 A
reaction jets. Each reaction jet is operated by 2 two-coil solenoid valves,
one valve for fuel control and one valve for oxidizer comntrol. The SCS -
provides on-off commands to the two sets of coils for each reaction jet. i
-
One set of coils (automatic) is controlled by an electronic switch (solenoid
. ey
L
-

2-8




w

driver amplifier)., The second set (direcc) is controlled by switch
closures in the SCS hand controllers. The command signals to the automatic

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 to the
gimbal actuator magnetic clutches to control the position of the SPS
engine in pitch and yaw. These commands can originate in the PGNCS or
the SCS. The gimbal actuator supplies rate and position feedback signals
to the SCS. The gimbal actuator also provides a 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-II 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.




SCS FLIGHT HARDWARE

BLOCK I

GIMBAL POSITION/ ATTITUDE SET CONTROL PANEL

TRANSLATION CONTROL
(1€) FUEL PRESSURE INDICATOR (ASCP)
(GP/FPI)

ROTATION CONTROL
(RCI, RC2)

FLIGHT DIRECTOR ATTITUDE INDICATOR GYRO ASSEMBLY
(FDAL1, FDA! 2) (GAl, GA2) ) (GDC)

ELECTRONIC DISPLAY ASSEMBLY ELECTRONIC CONTROL ASSEMBLY THRUST VECTOR POSITION REACTION JET AND ENGINE
(EDA) {ECA) SERVO AMPLIFIER ON-OFF CONTROL
9 (TVSA) (RJ/EC)
-
< FIGURE 2.1




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.

Electronic 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 Display 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.

Gyro 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 (TVSA) - 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) - Each 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 visuval display of spacecraft attitude, attitude error and

angular 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.

Translation 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 Navigation 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 REQUIREMENTS

General ‘

The SCS hardware performs the following four basic functions:

a) Provides the capability to sense and display an attitude reference.

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

c¢) 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.

Detailed

The SCS in conjunction with the NR furnished switching and the EMS display

performs the following functions:

a) Permits control and hold of spacecraft attitude by means of automatic
commands from the G&N system through the SCS driver amplifiers, or holds

attitude using the SCS attitude reference.
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b) Provides for control of spacecraft attitude with manual rotation
controls in the following configurations:
1) Proportional rate commands through the SCS system.
2) Acceleration commends through the G&N system or the SCS 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 entry roll axis utilizing
information from the GDC,
d) Displays error in spacecraft attitude from one of the following sources:
1) The G&N system through the G&N CDUs.
2) The difference between a manual set in attitude and G&N IMU inertial
orientation.

3) The error as computed by th2 G&N CMC from digital body axis rate

signals generated by the SCS 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 axes and the entry yaw axis
following 0.05g switch actuation.

®

e
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g)

h)

)

k)

1)
m)

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 through
the SCS servo amplifiers:

1) Automatic commands from the G&N CDUs.

2) Automatic control from the SCS. * (SCS 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 attached.
*% used only without LEM vehicle attached.

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

when the SCS is in control of TVC,

Provides for display of engine gimbal angies or the display of S-II1 and

S-1IVB booster propellant pressures.

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

Provides body mounted gyros (BMAGs) to be. used as a backup attitude

reference system and to provide rate stabilization.

Provides a capability to dial-in information in the following configur-

ations:

1) 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

GDC.

2-16




;- 3) Redundant entry roll axis attitude information for alignment of
the entry roll attitude.
o o) Provides the SPS engine with a redundant SCS manual start and automatic
turn-off capability.
.
p) Provides digital pulses proportional to roll axis attitude change during
entry to the EMS roll angle display.
s
L .
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SECTION 3

SCS HARDWARE DESCRIPTION

Controls and Displays

The SCS 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 purpose of monitoring various
parameters 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 and capable of withstanding the rigorous artificial environment

of outer space.

Rotation Control - CGl66

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

controls are connected in parallel tc provide redundancy without switching.

Functions

The Rotation Control allows the astronaut to manually insert commands
to control the rotation of the spacecraft about each of its three axes.
The commands can be routed through several alternate control channels

which are selectable by the astronaut through Control Panel 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

Mounting brackets for the Rotation Controls 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 Rotation 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 as

indicated in Figure 3.2. To¢ insert a yaw command, the grip is displaced
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ROTATION CONTROL MECHANICAL FUNCTIONS
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about an axis which ié the centerline of the grip. A pitch command
is applied by displacing the grip about an axis through the palm of
the hand. To command an attitude change of the S/C about the roll
axis the grip is displaced about an axis below the hand perpendicular
to the grip centerline (in the plane of the forearm). Commands can

be inserted for any combination of axes simultaneously.

The 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) switches, two

in each axis. Rotation of the grip through 1.5 degrees in either direct-
ion about any axis will actuate one of the switches. Each Rotation Control
also 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 Differential Transformer (RLVDT) is contained in
each axis of the RC., The RLVDTs provide analog output signals proport-

ional to the magnitude of the handgrip displacement.
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A SPST NO Push-to-Talk swit:h is located in the handgrip. This
trigger switch is actuated vwith the index finger to engage the S/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 not affect the Push-to-Talk switch. An equivalent DPST NC switch

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

Electrical Interfaces

The electrical interfaces of Rotation pontrol No. 1 (RCl) are indicated
in Figure 3.3. RC2 has identical interfaces except as indicated. 28 VDC
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 fro; 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 ACl (AC2 for RC2) power through the
Rotation Control Power switch from a stepdown transformer in the ECA.
The RLVDT outputs are proportional to the handgrip displacements in
their respective axes. An in-phase signal is provided for positive
rotation commands, while negative rotation commands yield a T - phase
signal relative to the excitation. The direct switches receive 28 VDC

power from the Control Panel 1 Direct Rotation Control Power switch
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(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 - CGLl6C

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 system to fire the proper RCS engines.
Any combination of commands for translation along the S/C - 3 X, ¥y and
T 7 axes 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. This
dovetail mates with mounting brackets on an armrest 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 approximately normal to the armrest. The TC

is mounted with its axes of operation approximately parallel to the

three S/C axes.
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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 provide 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. Switches, 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 about 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 and CCW

motion. Separate switches are actuated at 7512 degrees displacement ( a

DPST NO switch for CCW rotation and two SPST switches, one NO and one

NC, for CW rotations).

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

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

LOCKED position.
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Electrical Interfaces

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

(one for each translation direction) through the CM/SM TRANSFER
motor-driven switch and through the Separéte connectors. The redundant

outputs are supplied through bus isolation 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 enable command. The CW rotation also opens the NC switch which

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

A manual abort is initiated by rotating the TC handle CCW, supplying

3
i

Entry Battery power through the redundant connectors and NO switches to

the Sequential Events Control System.

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 visual display of the S/C attitude,
attitude rate and attitude error in each of three orthogonal axes. Control
Panel switching allows the astronaut to display this information on either

or both FDAIs from alternate sources. Power and control signals for the
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FDAIs are supplied through the Electronic Display Assembly. Figure

3.6 provides a front view of an FDAI.

Attitude Display

The FDAI presents "inside looking out'" attitude information through an
easily-read, 4.5~-inch diameter, three-axis ball gimbaled inside to outside
in the order pitch, yaw and roll. The ball has continuous and independent
freedom of motion about each of the three orthogonal axes. Pitch and yaw
readouts are made against a fixed cross hair and drone marker centered in
front of the ball. Roll attitude is indicated by a pointer (roll index)
against a circular scale around the periphery of the ball. Each axis is

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

and gear train.

The attitude indicator functional mechanization is the same for all three
axes. The objective is to position the ball to the sameAangle as the
source resolver for each axis. The source resolver provides AC signals
proportional to the sine and cosine of the resolver angle to the FDAIL
resolver. The FDAI resolver output is proportional to the difference
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 feedback signal to ensure stability of the servo loop.
A pictorial representation of the FDAI/IMU gimbal relationship is given

in Figure 3.7. The torque motors drive 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 sing1e>1ines. 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 drivelthe
proper FDAI motors until the euler error signals are nulled. The servo
loop is designed to drive the ball at a max slew speed of 60 degrees per

second.

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

90° yaw and 270° yaw. The yaw lines are small circles which form parallel
planes on either side of the 0° yaw plane. The lower half of the ball is
black 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 frdp their centers located at 90° and 270° yaw.
Major pitch and yaw lines are provided and marked every 30°. (The last zero
on each number is omitted). As the ball is rotated about the pitch axis
all numbers appear right side up to a stationary observer. Major ti;
graduations appear every 5° between the pitch and yaw coordinate lines.
Minor tic graduations appear every 1° on each hemisphere along the 0° yaw
plane and on top of the horizon plane (Oo and 180° pitch) for 0° f30 yaw,

Scale marks are provided every 5° on the roll bezel ring. Roll attitude
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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 changes cause the roll index to move counter clockwise.
Hence the 3 o'clock position looking at the face of the FDAI represents

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

The body axis symbol, against which pitch and yaw attitude are read off
the ball, consists of a drone with cross lines. The intersecting lines
inside the drone are yellow. Exteﬁsions of these lines through the

wings and tail of the white 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 the S/C nose to the right results in the ball being
driven to the left. Likewise, a CW roll of the S/C causes the ball to

rotate CCW.

Attitude Error Display

The attitude error indicators consist of three bow-shaped pointers posi-
tioned by servometric mechanisms located in the rear of the case. These
error pointers curve in front of the ball and are read with respect to

the fixed attitude scale marks on the periphery of the ball. The indicator

scales (roll at the top, pitch to the right and yaw at the bottom) represent

zero at the center marks of each scale. The pitch and yaw graduation
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marks are located at null, z 1/3 full scale, t 2/3 full scale and I full
scale. Full scale values are selectable at 5° or 15° attitude error by a
control panel switch. Roll graduation marks are located at null, 1 1/2
full scale, and ¥ full scale. Full scale values of 5° or 50° roll
attitude error are selectable. The scale marks are white on a black
background. The pointers are yellow. The attitude error indicaéors are
sometimes described as having "fly to" needles or pointers. (The attitude
error polarities for each scale are indicated in Figure 3.6), This
description is appropriate because the attitude error can be reduced by
inserting a command through the Rotation Control to move the S$/C toward
the error pointer, i.e. if the pitch error pointer is above the null mark,
(negative attitude error) moving the RC handgrip such that the knuckles
move up will cause the S/C to pitch up and thus cause the attitude error
pointer to move towards null. An analisis of the yaw and roll axes yields

similar results.

Attitude Rate Display

The attitude rate indicators konsist of three black triangular-shaped
pointers (one each for roll, pitch and yaw rate) positioned by servo-
metric mechanisms. Readouts are made against individual rate scales.

The scales have graduation marks at null, ¥ full scale and at 1/5 full
scale increments. Full scale values for pitch and yaw rate of 1, 5, or
10 °/sec are selectable, while values of 1, 5, or 50 °/sec are provided
for roll rates. The black pointers are silhouetted against the white

electroluﬁinescent lamp background. The graduation marks are white on

a black background.
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The angular rate indicators also provide the astronaut with "fly-to'
indications. '"Fly-to" commands made with the Rotatioﬁ Control reduce the
rates toward null in the same manner as described for the attitude error
indicator. If the objective is to reduce the attitude error in a
particular axis to zero, it is necessary to null the rate indicator in

that axis at the time the attitude error indicator is at null.

Case Structure

The case is machined from forged aluminum. The cylindrical case provides
the required mechanical strength with the lowest possible weight ( 9 pounds
maximum), The glass window, which is coated with a reflection reducing
coating, is retained iﬂ 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 the 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-
nectors 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 the following

paragraphs which require reference to the assembly drawing JG264G,

‘
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| . Ball and Yoke Assembly

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

frame on which are mounted the pitch and yaw resolvers, motors and gear
trains. The pitch resolver and motor are mounted at right angles to

the frame and the two hemispheres are coupled to the double-ended resolver
shaft, one directly and the other through a pin and coupling. 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 two
piece yoke casting. The yaw axis slip ring assembly, containing a ball

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 rigidly attached to the yoke. This gear -
is meshed with the yaw gear train. i
.
The roll axis slip ring assembly (also containing a ball bearing) is
attached to the rear of the yoke. The inner race of the bearing is -
attached to the yoke, the ouger race to the rear support. The yoke is
supported and pivoted in front by a 5 inch diameter ball bearing assembly, =
which is mounted in the bearing support. Four 3-3/4 inch standoffs
: s
attach the front bearing support to the rear support. Both front and rear
supports are attached to the case. The roll axis resolver, motor and -
gear train are mounted on a gear plate which is attached to the rear support.
The resolver shaft is directly coupled to the roll axis slip.ring assembly =
ball bearing inner race. :
-
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Servometric Meters

Servometric meters are used (rather than galvanometrié) for the attitude
error and rate indicators for several reasons. They are more accurate,
more reliable, lighter, more resistant to vibration and use less space.
The dynamic characteristics (response 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
feedback potentiometer.- The scaled and conditioned DC attitude error
or rate signal is fed to the servo amplifier (located in the EDA),
The amplifier supplies é 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
the 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 and the rear meter
slightly overlapping it., The six pointers visible at the face of the
FDAI are attached to the meter armatures by two-section tubular members

which are kept rigid by tension wires within the tubes.
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’ 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 FDAIL.
This 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 o
frame attached to the first. The center of this lamp is about 1/8 inch

sl
ahead of the ball. This lamp lights the roll attitude scale, the error
scales, and the roll index. (The attitude error scales are mounted on sall
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 around the periphery of

= a 4.5 inch diameter, .5 inch thick two-piece acrylic lighting wedge is

: attached to the above mentioned frame. The lighting wedge reflects the

- light from the EL lamp surrounding it té illuminate the front of the ball,

- the drone and the error pointers. A mask which outlines the indicator
scales is attached to the case between the lighting wedée and the glass

t window to prevent extraneous glare from reaching the viewer.

- 3.1.4 Attitude Set Control Panel - CGl6l
The ASCP shown in Figure 3.8 is mounted in the lower left corner of control

= panel 1 with four bolts. The display is designed to provide maximum
readability from the nominal viewing position which is at a 22 inch

- distance and an angle of 40° to 46° from the normal to the panel in a

_. vertical direction upward. Figure 3.9 depicts the astronaut's view of
the ASCP face.

- Function

e The ASCP provides the means for manually inserting desired attitude
information into the SCS system in the form of three angles. The ASCP

- receives signals which represent the actual attitude of the spacecraft
relative to an arbitrary inertial (fixed) reference frame. Output

- signals are provided which represent the attitude error or the difference

\ between the actual and desired total attitude of the spacecraft. These
output signals can be used (1) to drive the attitude error needles on

-

either FDAI, providing the astronaut with a visual indication of the

spacecraft attitude error, and (2) to align the GDC to a fixed reference

-
I frame.
L]
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ASCP FACE FORMAT (As Viewed From 45 Degrees)




The ASCP provides the means for manually positioning a resolver for each of
three axes with a thumbwheel. These resolvers are mechanically linkedACO
indicators which provide visual feedback to the astronaut of the command
attitude angles which he manually dialé 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 o} 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 weight 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 pro-
vide constant thumbwheel torque and greater stability under vibration.
The force required to rotate the thumbwheels is 10 ¥ 5 ounces while a

maximum of 36 ounces is required initiate rotation.
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The counters indicate rzsolver angles in degrees from electrical zero

— and allow continuous rotation from 000 thru 359 to 000 without reversing
direction of rotation. The counters display three digits, with gradua-
tions every 0.2 degrees at the unit digits. The pitch and roll indicators
are marked continuously between 0 and 359.8 degrees. The yaw 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 appear 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
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