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The audio center is the assimilation and distribution
point for all spacecraft voice signals. The audio
signals can be routed from the center to the appro-
priate transmitter or receiver, the launch control
center (for pre-launch checkout), the recovery
forces intercom, oOr voice tape recorders.

Two methods of voice transmission and reception
are possible: the VHF/AM transmitter-receiver and
the S-band transmitter and receiver. Transmission
is controlled by either the push-to-talk switch located
in the astronaut’s umbilical cable or the voice-
operated relay circuitry during recovery operations.
The push-to-talk switch also can be used like a tele-
graph key for emergency transmission.

The VHF/AM equipment is used for voice com-
munications with the manned space flight network
during launch, ascent, and near-earth phases of a
mission. The S-band equipment is used during both
near-earth and deep-space phases of a mission. When
communications with earth are not possible, a

limited amount of audio signals can be stored on
tape. During recovery, the VHF/AM and recovery
intercom equipment are used to maintain contact
with ground stations and with frogmen.

DATA

The spacecraft structure and subsystems contain
sensors which gather data on their status and per-
formance. Biomedical, TV, and timing data also is
gathered. These various forms of data are assimilated
into the data system, processed, and then trans-
mitted to the ground. Some data from the opera-
tional systems, and some voice communications,
may be stored for later transmission or for recovery
after landing. Stored data can be transmitted to the
ground simultaneously with voice or real-time data.

Signals from some of the instrumentation sensors
are fed into signal conditioning (converting) equip-
ment. These signals, and others which are already
conditioned or don't need to be, are then senttoa
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data distribution panel, which routes them to CM
displays and to pulse-code modulation telemetry
equipment. The latter combines them into a single
signal and sends it to the premodulation processor.

The premodulation processor is the assimilation,
integration, and distribution center for nearly all
forms of spacecraft data. It accepts signals from
telemetry, data storage, TV, central timing, and
audio center equipment. It modulates, mixes, and
switches these signals to the appropriate trans-
mitter or to data storage.

Voice and data command signals from the ground
received over the S-band receiver also are supplied
to the processor, which routes them to the audio
center equipment or the up-data link (ground com-
mand) system. Up-data is of three types: guidance
and navigation data for updating the CM computer,
timing data for updating the central timing equip-
ment, and real-time commands. The commands
give the ground limited control over certain space-
craft telecommunications functions,

RADIO FREQUENCY EQUIPMENT

The radio frequency equipment is the means by
which voice information, telemetry data, and
ranging and tracking information are transmitted
and received. The equipment consists of two VHF/
AM transceivers (transmitter-receiver) in one unit,
the unified S-band equipment (primary and sec-
ondary transponders and an FM transmitter), pri-
mary and secondary S-band power amplifiers (in
one unit), a VHF beacon, an X-band transponder
{for rendezvous radar), and the premodulation
processor.

The equipment provides for voice transfer be-
tween the CM and the ground, between the CM
and LM, between the CM and extravehicular
astronauts, and between the CM and recovery
forces. Telemetry can be transferred between the
CM and the ground, from the LM to the CM and
then to the ground, and from extravehicular astro-
nauts to the CM and then to the ground. Ranging
information consists of pseudo-random noise and
double-doppler ranging signals from the ground to
the CM and back to the ground and X-band radar
signals from the LM to the CM and back to the LM.
The VHF beacon equipment emits a 2-second
signal every 5 seconds for line-of-sight direction-
finding to aid recovery forces in locating the CM
after landing.

ANTENNAS

There are nine antennas on the command and
service modules, not counting the rendezvous radar
antenna which is an integral part of the rendezvous
radar transponder.

These antennas can be divided into four groups:
VHF, S-band, recovery, and beacon. The two VHF
antennas (called scimitars because of their shape)
are omni-directional and are mounted 180 degrees
apart on the service module. There are five S-band
antennas, one mounted at the bottom of the service
module and four located 90 degrees apart around
the command module. The high-gain antenna is
stowed within the SLA until the transposition and
docking maneuver, when it is deployed so that it is
at right angles to the module. It can be steered
through a gimbal system and is the principal antenna
for deep-space communications. The four S-band
antennas on the command module are mounted
flush with the surface of the module and are used
for S-band communications during near-earth phases
of mission, as well as for a backup in deep space.
The two VHF recovery antennas are located in the
forward compartment of the command module, and
are deployed automatically shortly after the main
parachutes, One of these antennas also is con-
nected to the VHF recovery beacon.

EQUIPMENT

All communication and data system units are in
the command module lower equipment bay,
mounted to coldplates for cooling.
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Audio Center {Collins Radio Co., Cedar Rapids,
Towa) — Center weighs 7.9 pounds and is 4.7 by
456 by 8.65 inches. It is a 28-volt, 20-watt
gasket-sealed box with three identical headset
amplifiers, one for each crewman. It provides
communication among astronauts, between astro-
nauts and launch pad personnel, and post-landing
recovery frogmen, recording of audio signals in
conjunction with tape recording equipment, and
relaying of audio signals.

Central Timing Equipment (General Time Corp.) —
This 10-pound unit provides time correlation of
all spacecraft time-sensitive functions. [t also
generates and stores the real-time day, hour,
minute,. and second mission elapsed time in
binary-coded decimal format for onboard recording
and transmission to the Manned Space Flight
Network. It is normally synchronized to a con-
tinuously generated signal from the guidance and
navigation computer. If the signal is lost, backup is
provided by synchronizing to a self-contained
source. The unit contains two power supplies for
redundancy. Each is supplied from a different
power source and through separate circuit breakers.
The two power supplies provide parallel 6-volt dc
outputs, either one of which is sufficient to power
the entire unit.

Data Storage Equipment (Leach Corp., Azusa,
Calif.) — This 40-pound unit is 22 by 9.5 by 6 in-
ches and operates fram 115-volt, 3-phase, 400-
Hertz and 28-volt dc power. Tape is one-inch, 14-
track Mylar. it operates at three speeds: 3.75, 15,
and 120 inches per second. While being played
back, the tape speed is selected automatically to
Provide an apparent 51.2 KBPS PCM data. It plays
in a single direction, but a rewind mode is provid-
ed. It stores data and voice information during
powered phases of mission and during periods of
lost communications and plays them back later.

Digital Ranging Generator (RCA} — This generator,
used with the VHF/AM transmitter-receiver, sup-
plements the lunar module rendezvous radar sys-
tem by providing distance-to LM information in
the CM. It has solid-state circuitry and is housed in
a machined-aluminum case 4 by 6 by 8.5 inches. It
weighs 6-1/2 pounds.

Premodulation Processor (Collins) — It is of solid
state design and modular construction and has
redundant circuitry. It weighs 14.5 pounds and is
4.7 by 6 by 10.5 inches. It requires 12.5 watts at
28 volts dc. It provides the interface connection
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between the spacecraft data-gathering equipment
and the S-band RF electronics. It accomplishes
signal modulation and demodulation, signal mix-
ing, and the proper switching of signals so that the
correct intelligence corresponding to a given mode
of operation is transmitted.

Pulse-Code Modulation Telemetry Equipment

(Radiation, Inc., Melbourne, Fla.) — This unit
weighs 42.1 pounds and is 13 by 7 by 14 inches.
The 115/200 volit, 3-phase, 400-Hertz unit has two
modes of operation: high-bit rate of 51.2 kilobits
per second (normal mode) and low-bit rate of 1.6
kilobits per second. It receives and samples analog,
parallel digital, and serial digital information,
which consists of biomedical, operation, and
scientific data, and converts it to a single serial
output for transmission to earth.

S-Band Flush-Mounted Antennas (Amecom
Division of Litton Systems, Inc.) — Four antennas,
each 3.5 inches long and 2.1 inches in diameter
with  3.12-inch diameter mounting ring, are
mounted on the command module. Each weighs
2.5 pounds. They are omnidirectional right-hand
polarized Helix antennas in a loaded cavity. The
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P-226  Technican at Radiation, Inc., checks out
pulse-code modulation telemetry unit
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astronaut selects the antenna he will use. They
transmit and receive all S-band signals during
near-earth operation and are backup for the
high-gain antenna in deep space.

2-Gigahertz High-Gain Antenna (Textron’s Dalmo
Victor Company, Belmont, Calif.) — An array of
four 31-inch diameter parabolas clustered around
an 11-inch-square wide-beam horn. It weighs 94
pounds and is 65 by 64 by 33.78 inches. It is
mounted to the aft bulkhead of the service
module and is used for deep-space communica-
tions with the unified S-band equipment. Actual
deployment takes place during transposition and
docking phase of the mission when the spacecraft
funar adapter panels are opened. After deploy-
ment, the antenna is capable of automatically or
manually tracking the RF signal within the travel

" limits of its gimbaling system. It has three modes
of operation: wide, medium, and narrow beam.

S-Band Power Amplifier {Collins) — This traveling-
wave-tube power amplifier is housed in a sealed
and pressurized case 5.75 by 5.56 by 22.26 inches
and weighs 32 pounds. It has two independent
amplifiers, either of which can amplify outputs of
either the phase-modulated or frequency-
modulated unified S-band transmitters. |t operates
on 3-phase, 115/200 volt, 400 Hertz power. Its
two power outputs are 2.8 and 11.2 watts. The
amplifier increases the low-power output of the
unified S-band equipment to high power.

Signal Conditioner (North American Rockwell’s
Autonetics Division) — This 45-pound,
1191-cubic-inch electronics package is in the lower
equipment bay. It requires 28 volts dc and
consumes about 35 watts. [t transforms signals
from sensors and transducers to basic instrumenta-
tion analog (coded measurements) voltage level.
Signals are then distributed to telemetry and
command module displays.

TV Camera (RCA Astro Electronics for CM) — The
85-cubic-inch camera weighs 4.5 pounds and
requires 6.75 watts at 28 volts dc. It has a 1-inch
vidicon tube. Its frame rate is 10 frames per
second with 320 lines per frame. lts wide angle
lens is 160 degrees. The telephoto lens is 90
degrees. It can be operated at three locations
within the command module. [t transmits to
receiving stations on earth via the unified S-band
equipment, and the signals are processed there to
be compatible with commercial television. (The

FEEDHORNS
10° OFFSET

P.227 High-gain antenna construction

TV camera to be used on the lunar surface,
supplied by Westinghouse Electric's Aerospace
Division, Baltimore, is stowed in the LM and is
part of its equipment.)

Unified S-Band Equipment (Motorola, Inc., Military
Electronics Division, Scottsdale, Ariz.) — Two
phase-locked transponders and one frequency-
modulated transmitter are housed in single, gasket-
sealed, machined aluminum case, 9.5 by 6 by
21 inches. The unit weighs 32 pounds, operates
from 400 Hertz power, with RF output of 300
milliwatts. It is used for voice communications,
tracking and ranging, transmission of pulse-code-
modulated data and television, and reception of
up data. It is the normal communications link to
the spacecraft from the earth.
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Up-Data Link Equipment (Motorola) — This
21-pound device is 6 by 18.3 by 9.6 inches. It
receives, verifies, and distributes digital updating
information sent to the spacecraft from the
Manned Space Flight Network at various times
throughout the mission to update or change the
modes of the telecommunications systems. Data
is received by the S-band receiver and routed to
the up-data link.

VHF/AM Transmitter-Receiver {RCA Defense
Electronic Products Communications System
Division, Camden, N.J.) — It is one case housing
dual transmitters and receivers for simplex or
duplex operation. The enclosure contains 11
subassemblies, two coaxial relays, and two band-
pass filters mounted within a three-piece hermeti-
cally sealed case. Powered from 28 volts dc, the
5-watt (RF output) unit weighs 13-1/2 pounds
and is 6 by 4.7 by 12 inches. It is used for voice
communication between the command module
and earth during near-earth and recovery phases of
mission, for voice and data communication
between the command module and lunar moduie,
and between the command module and astronauts
engaged in extravehicular activity.

VHF Omnidirectional Antennas (North American
Rockwell’s Columbus Division) — Two scimitar
antennas are located on the service module 180
degrees apart. Each is 19 by 9 inches and 1-inch
thick and weighs 12.5 pounds. They are stainless
steel with a fiberglass skin and a covering of
Teflon. They provide for two-way voice com-
munication between the command module and
garth, between the command module and the
lunar module, between the cemmand module and
extravehicular activity personnel, and for voice
and biomedical telemetry from the lunar maodule
to the command module.

VHF Recovery Beacon (Collins) — The beacon is a
solid-state, 1000-Hertz tone-modulated AM trans-
mitter. It transmits for two seconds followed by
three seconds of no transmission. It weighs 2.7
pounds and is 4 by 4 by 6.75 inches. The 3-watt
unit is powered by 28 volts dc. It emits signals to
provide line-of-sight direction finding for recovery
forces.

VHF  Recovery Antennas (North American
Rockwell’s Los Angeles Division) — Two antennas
are mounted on the forward compartment of the
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P-228

REEFING LINE CUTTER —

RECOVERY BEACON

Recovery beacon

command module. No. 1 is connected to VHF
recovery beacon. No. 2 is used during recovery
with VHF/AM transmitter-receiver for voice com-
munication or transmission of line-of-sight beacon
signal. Each antenna is a quarter-wave ground
plane antenna with a 10-inch radiating element,
and weighs 3 pounds. They are not extended until
8 seconds after the main chutes are deployed.

VHE Triplexer (Rantec, Inc.) — It weighs 1.7
pounds and is 3.93 by 3.33 by 4.6 inches. It
allows transmission and reception of two RF
frequencies via one antenna.

DETAILED DESCRIPTION

INTERCOMMUNICATION EQUIPMENT

The audio center equipment provides the necessary
audio signal amplification and switching for com-
munication among the three astronauts, communi-
cation between one or more astronauts and extra-
vehicular personnel, recording of audio signals in
conjunction with tape recording equipment, and
relaying of audio signals. The audio center equip-
ment consists of three electrically identical sets
of circuitry which provide parallel selection, isola-
tion, gain control, and amplification of all voice
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communications. Each set of circuitry contains
an isolation pad, diode switch, and gain control
for each receiver input and an intercom channel;
an isolation pad and diode switch for each trans-
mitter modulation output and an intercom channel;
an earphone amplifier and a microphone amplifier;
and voice-operated relay circuitry with externally
controlled sensitivity.

The equipment operates with three remote con-
trol panels to form three audio stations, each pro-
viding an astronaut with independent control. Each
station can accommodate a second astronaut for
emergency operation. Any or all of the transmitters
can be turned on at each station. A “hot mike”
enables continuous intercrew communication. When
a transmitter is turned on, the corresponding
receiver also is turned on. Sidetone is provided in
all transmit modes.

Audio signals are provided to and from the VHF/
AM transmitter-receiver equipment, unified S-band,
and the intercom bus. The intercom bus is common
to all three stations and provides for the hardline
cable communications among crewmen and with the
launch control center and recovery force swimmers.

VHF VHF

we o

O oo NO.1 NO.2

A AL :7 \4 VYV

IAAA

Voice communication is controlled by the VHF/
AM, S-band, and intercom switches on the audio
control panels. Each of these switches has three
positions: T/R (transmission and reception of voice
signals), RCV (reception only), and Off. The Power
switch of each station energizes the earphone
amplifier to permit monitoring. The operation of the
microphone amplifier in each station is controlled
by the voice-operated relay keying circuit or the
push-to-talk button on the communications cable
or rotation controller. The voice operated relay
circuit is energized by the “Vox' position of the
Mode switch on each audio control panel. When
energized, this circuit will enable both the inter-
com and accessed transmitter keying circuits. The
“Intercom/PTT"" position permits activation of
the VHF/AM, and S-band voice transmission circuits
by the push-to-talk key while the intercom is on
continuously. The “PTT" position permits manual
activation of the intercom or intercom and trans-
mitter keying circuits by depression of the “'I'COM"
or “XMIT" side of the communication cable switch,
respectively.

Five potentiometer controls are provided on each
audio control panel: The “Vox Sens” control is
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PERSONAL COMMUNICATIONS
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p-231 Communications cable

used to adjust the sensitivity of the voice-operated
relay circuitry, determining the amplitude of the
voice signal necessary to trigger the keying circuit.
The “S-band, VHF/AM, and Intercom” volume
controls are used to control the signal levels from
the respective units to the earphone amplifier. The
“Master Volume” controls the level of the ampli-
fied signal going to the earphones.

The intercom bus connects to ground support
equipment, recovery interphone (swimmer um-
bilical), and the premodulation processor which in
turn routes the signal to the data storage equipment
for recording.

DATA EQUIPMENT

Instrumentation equipment consists of various
types of sensors and transducers which monitor
environmental and operational systems, and experi-
mental equipment. The output of these sensors and
transducers are conditioned into signals suitable for
the spacecraft displays and for telemetry to the
ground,

Various digital signals, including event information,
guidance and navigation data, and a time signal from
the central timing equipment, also are telemetered
to the ground.

Many of the signals emanating from the instru-
mentation sensors are in forms of levels which are
unsuitable for use by the displays or telemetry
equipment. Signal conditioners are used to convert
these to forms and levels that can be used. Some

signals are conditioned at or near the sensor by in-
dividual conditioners located throughout the space-
craft. Other signals are fed to the signal conditioning
equipment, a single electronics package located in
the lower equipment bay. In addition, the signal
conditioning equipment also supplies 5-volt dc
excitation power to some sensors. The equipment
can be turned on or off by the crew, but that is the
only control they have over instrumentation equip-
ment for operational and flight qualification
measurements.

Operational measurements are those normally
required for a routing mission and include three
categories: in-flight management of the spacecraft,
mission evaluation and systems performance, and
pre-flight checkout, The operational instrumentation
sensors and transducers measure pressure, tempera-
ture, flow, rate, quantity, angular position, current,
voltage, frequency, RF power, and “‘on-off” type
events.

Flight qualification measurements depend on mis-
sion objectives and the state of hardware develop-
ment. Most of these measurements will be pulse-code
modulated along with the operational measurements
and transmitted to the ground. Other flight qualifi-
cation measurements will be stored for post-flight
analysis.

The central timing equipment provides precision
square wave timing pulses of several frequencies to
correlate all time-sensitive functions. [t also gen-
erates and stores the day, hour, minute, and second
of mission elapse and time in binary-coded decimal
format for transmission to the ground.

In primary or normal operation, the command
module computer provides a 1,024-kiloHertz sync
pulse to the central timing equipment. This auto-
matically synchronizes the central timing equipment
with the computer. If this pulse fails, the central
timing equipment automatically switches to the
secondary mode of operation with no time lapse
and operates using its own crystal oscillator, The
central timing equipment contains two power
supplies for redundancy. Each is supplied from a
different power source and through separate circuit
breakers.

The timing signals generated by the central timing
equipment go to the following equipment:
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Pulse code For synchronization of an in- The signal conditioning equipment is a hermeticatly
modulation ternal clock, frame synchroni- sealed unit contained in a single electronics package
equipment zation, and time-correlation of in the lower equipment bay. Its function is to

accept and process a variety of inputs from various
systems within the spacecraft and produce analog
signals compatible with pulse-code modulation or
displays and to provide excitation voltages to
some of the instrumentation sensors and trans-
ducers. The package contains dc differential ampli-
fier assemblies, dc differential bridge amplifier
assemblies, an ac to dc converter assembly, dc
active attenuator assemblies, and redundant power
supplies. The signal conditioning equipment con-
tains an error detection circuit which automatically
switches to the redundant power supply if the pri-
mary power supply voltages go out of tolerance. A
switch on the main display console allows the crew

pulse-code modulated data

For S-band emergency key
transmission

Premodulation
processor

For synchronization of 400-
cycle ac power

Electrical power
subsystem
inverters

Digital event Pulse for digital clock

timer

To discharge water from astro-
nauts suits (1 pulse every 10
minutes)

Environmental
control
subsystem

Scientific data For time-correlation of data
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to switch between either power supply. The equip-
ment requires 28-volt dc power and consumes
35 watts maximum with a full complement of
modules.

The pulse-code modulation telemetry equipment
converts data inputs from various sources through-
out the spacecraft into one serial digital signal. This
single-output signal is routed to the premodulation
processor for transmission to the ground or to data
storage equipment. The pulse-code modulated tele-
metry equipment is located in the lower equipment
bay. Incoming signals are of three general types:
high-level analog, parallel digital, and serial digital.
Two modes of operation are possible: the high-
(normal) bit-rate mode of 51.2 kilobits per second
and the low- (reduced) bit-rate mode of 1.6 kilobits
per second.

The analog multiplexer can accommodate 365 high-
level analog inputs in the high-bit rate mode. These
analogsignals are gated through the multiplexer, the
high-speed gates, and are then fed into the coder. In
the coder, the 0- to 5-volt analog signal is converted
fo an 8-bit binary digital representation of the
sample value. This 8-bit word is parallel-transferred
into the digital multiplexer where it is combined
with 38 external 8-bit digital parallel inputs to form
the output in non-return-to zero format.

This digital parallel information is transferred into
the output register where it is combined with the
digital serial input, and then transferred serially into
the data transfer buffer. From here the information
is passed on to the premodulation processor for
preparation for transmission.

The pulse-code modulation telemetry equipment
receives 512-kiloHertz and 1-Hertz timing signals
from the central timing equipment. If this source
fails, its programmer uses an internal timing ref-
erence. The timing source being used is telemetered.
Two calibration voltages are also telemetered as a
confidence check of the operation of the telemetry
equipment.

Television equipment consists of a small, portable
TV camera that can be hand-held or mounted in
three locations in the command . module. The camera
is connected to a 12-foot cable for use throughout
the CM. The camera is controlled by a switch on the
camera handle and an automatic light control switch
on the back. Power required by the camera is 6.75
watts at 28 volts dc. The composite video signal is
sent from the camera to the premodulation processor
where it is then sent to the SM umbilical for hard-

line communications before liftoff.

The TV video signal from the premodulation pro-
cessor also may be routed to the S-band FM trans-
mitter and its associated power amplifier for trans-
mission to the ground for reception of TV during
flight.

The data storage equipment stores data for delayed
playback or recovery with the spacecraft. Informa-
tion is recorded during powered flight phases and
when out of communications and is played back
(dumped) when over selected S-band stations. The
equipment, located in the lower equipment bay,
has tape speeds of 3.75, 15, and 120 inches per
second. The tape speed is selected automatically
based on the data rate. The tape has fourteen
parallel tracks: four CM pulse code modulated
digital data, one digital clock, one LM pcm data,
one CM-LM voice, three scientific data, and four
spare.

The flight qualification recorder is a 14-track
magnetic tape recorder used to record certain flight
qualification measurements during critical phases
of the mission. This data will be used for post-flight
analysis only; it.cannot be played back or transmitted
during flight. It will be activated during the ascent
and entry phases of the mission and during service
propulsion engine firings. Flight qualification data
is recorded in analog form. Two recording tracks
(one record head in each of two record-head stacks)
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are used for reference and time code recording. To
accomplish this, an elapsed time code generator is
used to modulate a narrow-band voltage-controlled
oscillation, The output of the voltage-controlled
oscillator is then mixed with the output of a
501-kiloHertz reference oscillator. This composite
signal is presented to each of the two record heads
through two direct record amplifiers.

The recorder operates at a record speed of 15
inches per second and a rewind speed of 120 inches
per second. The 15 inches per second record speed
allows a total of 30 minutes recording time per reel
of tape. A sensor will automatically halt the tape
motion and remove power from the electronic
circuits when the end of the tape is reached in
either direction. The crew controls operation of the
recorder through a switch on the main display
console.

The up-data link equipment receives, verifies and
distributes digital information sent to the space-
craft by the ground to update or change the status
of operational systems. The up-data link consists of
detecting and decoding circuitry, a buffer storage
unit, output relay drivers, and a power supply. It
provides the means for the ground to update the
computer and the central timing equipment, and
to select certain vehicle function. Up-data informa-
tion is transmitted to the spacecraft as part of the
2-gigaHertz S-band signal. When this signal is
received by the unified S-band receiver, the 70-kilo-
Hertz subcarrier containing the up-data information
is extracted and sent to the up-data discriminator
in the premodulation processor. The resulting com-
posite-audio frequency signal is routed to the sub-bit
detector in the up-data link which converts it to a
serial digital signal. The digital output from the
sub-bit detector is fed to the remaining up-data link
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circuitry, which checks and stores the digital data,
determines its proper destination, and transfers it
to the appropriate system or equipment.

RADIO FREQUENCY ELECTRONICS
EQUIPMENT

The radio frequency electronics equipment group
includes all telecommunications which functions
as radio frequency transmitters or receivers. The
group includes VHF/AM transmitter-receiver equip-
ment, unified S-band equipment, the S-band power
amplifier, the premodulation processor, VHF recov-
ery beacon equipment, and the rendezvous radar
transponder.

The VHF/AM transmitter-receiver equipment pro-
vides two-way voice communications among the
CM, the ground, the LM, astronauts outside the CM,
and recovery forces, relay of two-way voice from
either the LM or extravehicular astronauts to the
ground (via the S-band); reception of pulse-code
modulated data from the LM; and reception of bio-
medical data from extravehicular astronauts. It is
contained in a single enclosure consisting of 11 sub-
assemblies, 2 coaxial relays, and 2 bandpass filters
mounted within a 3-piece hermetically sealed case
in the lower equipment bay.

The equipment includes two independent VHF/
AM transmitters and two independent VHF/AM
receivers. The transmitters and receivers operate on
different frequencies and one receiver accepts data
as well as voice. The receiver circuits are isolated up
to the final common output.

The VHF/AM transmitter-receiver equipment is
controlled by switches on the main display console
and push-to-talk buttons. A squelch control varies
the level of squelch sensitivity. The transmitters and
receivers connect with the main display console, the
audio center, and the triplexer. The equipment is
connected through the triplexer and antenna con-
trol switch to either of the VHF omni-directional
antennas in the service module or the VHF recovery
antenna No. 2 in the command module.

The unified S-band equipment consists of two
transponders, an FM transmitter, and their power
supplies contained in a single electronics package
in the lower equipment bay. It is used for voice
communications, tracking and ranging, transmission
of pulse-code modulated data, and reception of
up-data. It also provides the sole means for trans-
mission of TV.

S-band tracking is by the two-way or double-
doppler method. In this technique, a stable carrier
of known frequency is transmitted to the space-
craft where it is received by the phase-locked
receiver, multiplied by a known ratio, and then
re-transmitted to the ground for comparison. Be-
cause of this, S-band equipment is also referred to
as the S-band transponder.

To determine spacecraft range, the ground station
phase-modulates the transmitted carrier with a
pseudo-random noise binary ranging code. This
code is detected by the spacecraft’s S-band receiver
and used to phase-modulate the carrier transmitted
to the ground. The ground station receives the
carrier and measures the amount of time delay be-
tween transmission of the code and reception of
the same code, thereby obtaining an accurate
measurement of range. Once established, this range
can be continually updated by the double-doppler
measurements. The ground stations also can trans-
mit up-data commands and voice signals to the
spacecraft by means of two subcarriers: 70 kiloHertz
for up-data and 30 kiloHertz for up-voice.

The S-band transponder is a double-superhetero-
dyne phase-lock loop receiver that accepts a phase-
modulated radio frequency signal containing the up-
data and up-voice subcarriers, and a pseudo-random
noise code when ranging is desired. This signal is
supplied to the receiver via the triplexer in the
S-band power amplifier equipment and presented to
three separate detectors: the narrow-band loop phase
detector, the narrow-band coherent amplitude de-
tector, and the wide-band phase detector. In the
wide-band phase detector, the intermediate fre-
quency -is detected, and the 70-kiloHertz up-data
and 30-kiloHertz up-voice subcarriers are extracted,
amplified, and routed to the up-data and up-voice
discriminators in the premodulation processor. When
operating in a ranging mode, the pseudo-random
noise ranging signal is detected, filtered, and routed
to the S-band transmitter as a signal input to the
phase modulator. In the loop-phase detector, the
intermediate frequency signal is filtered and detected
by comparing it with the loop reference frequency.
The resulting dc output is used to control the fre-
quency of the voltage-controlled oscillator. The out-
put of the voltage controlled oscillator is used as the
reference frequency for receiver circuits as well as
for the transmitter. The coherent amplitude detector
provides the automatic gain control for receiver
sensitivity control. In addition, it detects the ampli-
tude modulation of the carrier introduced by the
high-gain antenna system. This detected output is
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+LM EXTRAVEHICULAR COMMUNICATIONS

returned to the antenna control system to point the
high-gain antenna to the ground station. When the
antenna points at the ground station, the amplitude
modulation is minimized. An additional function of
the detector is to select the auxiliary oscillator to
provide a stable carrier for the transmitter, when-
aver the receiver loses lock.

The S-band transponders can transmit a phase-
modulated signal. The initial transmitter frequency
is obtained from one of two sources: the voltage-
controlled oscillator in the phase-locked S-band
receiver or the auxiliary oscillator in the transmitter.
Selection of the excitation is controlled by the co-
herent amplitude detector.

The S-band equipment also contains a separate FM
transmitter which permits scientific, television, or
playback data to be sent simultaneously to the
ground while voice, real-time data, and ranging are
being sent via the transponder.

The S-band power amplifier equipment is used to
amplify the radio frequency output from the S-band
transmitters when additional signal strength is re-
quired for adequate reception by the ground. The
amplifier equipment consists of a triplexer, 2
traveling-wave tubes for amplification, power sup-
plies, and the necessary switching relays and control
circuitry. The S-band power amplifier is contained
in a single electronics package located in the lower
equipment bay.
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All received and ftransmitted S-band signals pass
through the triplexer. The S-band carrier received
by the spacecraft enters the triplexer from the
S-band antenna equipment. The triplexer passes
the signal straight through to the S-band receiver.
The output signal from the S-band transponder
enters the S-band power amplifier where it is either
bypassed directly to the triplexer and out to the
S-band antenna equipment, or amplified first and
then fed to the triplexer. There are two power
amplifier modes of operation: low power and high
power. The high-power mode is automatically
chosen for the power amplifier connected to the
FM transmitter.

The premodulation processor equipment provides
the connection between the airborne data-gathering
equipment and the radio frequency electronics. The
processor accomplishes signal modulation and de-
modulation, signal mixing, and the proper switching
of signals so that the correct intelligence correspond-
ing to a given mode of operation is transmitted. It
requires a maximum power of 12.5 watts at 28-volt
dc power.

The VHF recovery beacon provides a line-of-sight
direction-finding signal to aid in locating the space-
craft after landing. It is located in the lower equip-
ment bay. The beacon signal is an interrupted
carrier, modulated by a 1000-Hertz square wave.
The signal is transmitted for 2 seconds, then inter-
rupted for 3 seconds. The signal from the VHF
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recovery beacon is fed to VHF recovery antenna
No. 1, which is deployed automaticaily when the
main chutes are deployed.

The rendezvous radar transponder is located in
the service module. Its function is to receive the
X-band tone-modulated continuous wave signal
from the LM rendezvous radar, and transmit back
to it a phase-coherent return signal. The return
signal is offset in fundamental carrier frequency
from the received signals and contains the same
modulation components phase-related with respect
to the received signal.

The transponder is a part of the LM radar sub-
system which consists of a rendezvous radar in the
LM, the transponder in the CM, and a landing radar
mounted in the descent stage of the LM. During
the descent to the lunar surface, the LM and CSM
maintain continuous radar contact through the
rendezvous radar-transponder link. At the end of
the lunar stay, the rendezvous radar in the LM is
used to track the transponder in the orbiting CSM
to obtain CSM orbital conditions, which are used
to calculate the launching of the LM into a
rendezvous trajectory. In the rendezvous phase,
the LM and CSM again maintain radar contact to
obtain information needed by the LM for course
correction, and rendezvous operations. With the
aid of the CSM transponder, the LM can rendezvous
with a less powerful rendezvous radar transmitter,
using the CSM phase-coherent transponder to achieve
the required rendezvous range capability and to
minimize tracking errors.

ANTENNAS

The antenna equipment group contains all of the
spacecraft antennas and ancillary equipment used in
the telecommunication subsystem.

The VHF omni-directional antennas and ancillary
equipment consists of two VHF scimitar antennas,
a VHF triplexer, a VHF antenna switch, and the
necessary signal and control circuits. This equipment
radiates and picks up radio frequency signals in the
VHF spectrum. The portable life-support com-
munication equipment also can be checked through
this equipment.

The VHF triplexer is a passive, three-channel filter-
ing device which enables three items of VHF trans-
mitting and receiving equipment to utilize one VHF
antenna simultaneously. The three-channel filters
are composed of two tuned cavities each, which
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function as bandpass filters. No power is required
by the device and there are no external controls.

The VHF scimitar antennas are omni-directional
with approximately hemispherical radiation pat-
terns. Because of its characteristic shape, this type
of VHF antenna is called a scimitar. These two
antennas are located on opposite sides of the service
module, one near the +Y axis (called the right VHF
antenna) and the other near the -Y axis (called the
left VHF antenna). Because of their approximate
hemispherical radiation patterns, full omni-direc-
tional capabilities can be obtained only by switching
from one antenna to the other.

The S-band high-gain antenna is provided for use
with the unified S-band equipment to provide suf-
ficient gain for two-way communications at {unar
distances. To accomplish this, the antenna can be
oriented manually or automatically toward ground
stations for maximum operational efficiency. The
antenna has three modes of operation for trans-
mission and two for reception. The gain and beam-
widths of these modes are:
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Mode Gain Beamwidth
Wide - transmit 9.2 db 40°
Wide - Receive 3.8db 40°
Medium - Transmit 20.7 db 11.3°
Medium - Receive 22.8db 4.5°
Narrow - Transmit 26.7 db 3.99
Narrow - Receive 23.3db 4.5°

The antenna is deployed during transposition and
docking when the SLA panels are opened. After
deployment, the positioning circuitry is enabled.
Manual controls, position readouts, and a signal
strength meter on the main display console allow
normal positioning of the antenna for initial signal
acquisition, After acquisition, the antenna auto-
matically tracks the radio frequency signal within
the travel limits of its gimbaling system. The opera-
tional modes can be selected by the crew.

The antenna consists of a four-parabolic dish array
whose attendant feed horns are offset 10 degrees for
the desired propagation pattern and a cluster of four
feed horns enclosed in the center enclosure. In the
wide mode, the center feed horns are used for trans-
mission and reception of signals. In the medium
mode, one of the parabolic dish-reflector antennas
is used for transmission and all four of the dish
antennas are used for reception of S-band signals.
The narrow mode employs the four parabolic dish
antennas for transmission and reception of S-band
signals.

The four S-band omni-directional antennas trans-
mit and receive all S-band signals during the near-
earth operational phase and back up the high-gain
S-band antenna in lunar operations. The antennas
are flush-mounted, right-hand polarized helical, and
in a loaded cavity. They are rated at 15 watts con-
tinuous wave.

There are two VHF recovery antennas {(No. 1 and
No. 2) stowed in the forward compartment of the
CM. Each antenna consists of a quarter-wave stub,
11 inches long, and a ground plane. They are auto-
matically deployed 8 seconds after main parachute
deployment during the descent phase of the mission.
VHF recovery antenna No. 1 is connected to the
VHF recovery beacon equipment through a coaxial
connector on the coaxial bracket. VHF recovery
antenna No. 2 is used with the VHF/AM trans-
mitter-receiver equipment; therefore, it is also
connected to the VHF antenna switch through a
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connector on the coaxial bracket. The purpose of
the coaxial bracket is to allow either of the VHF
recovery antennas to be used with the survival
transceiver. This required that the coaxial cable
from one of the antennas be manually discon-
nected at the coaxial bracket and reconnected to
the survival transceiver.
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GUIDANCE AND CONTROL

The Apollo spacecraft is guided and controlled
by two interrelated subsystems. One is the guid-
ance and navigation subsystem. The other is the
stabilization and control subsystem.

The two subsystems provide rotational, line-of-
flight, and rate-of-speed information. They inte-
grate and interpret this information and convert it
into commands for the spacecraft’s propulsion
subsystems,

The guidance and navigation subsystem contains
three major elements. They are the inertial, opti-
cal, and computer subsystems.

The inertial subsystem senses any changes in the
velocity and angle of the spacecraft and relays this
information to the computer. The computer
digests the information and transmits any neces-
sary signals to the spacecraft engines.

The optical subsystem is used to obtain naviga-
tion sightings of celestial bodies and landmarks on

the earth and moon. It passes this information
along to the computer for guidance and control
purposes.

The computer subsystem uses information from
a number of sources to determine the spacecraft’s
position and speed and, in automatic operation, to
give commands for guidance and control. Data fed
into the computer include: telemetry information
from the ground regarding velocity, attitude, and
position in space; a fixed memory which perma-
nently stores navigation tables, trajectory param-
eters, programs,and constants; an erasable memory
which stores intermediate results of computation,
auxiliary program information, and variable data
supplied by the guidance and control, and other
subsystems of the spacecraft.

The other of the two interrelated subsystems is
the stabilization and control subsystem. in gen-
eral, it operates in these three ways: it determines
the spacecraft’s attitude (its angular position); it
maintains the spacecraft’s attitude; it controls the
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direction of thrust of the service propulsion
engine.

Both of the subsystems are used by the com-
puter in the command module to provide auto-
matic control of the spacecraft. This is done elec-
tronically. Manual control of the spacecraft’s
attitude and thrust is provided mainly through the
stabilization and control subsystem equipment.

The space trajectory of Apollo is established
essentially by the firing of engines, either its own or
those of a launch vehicle. “Flying”’ Apollo, in the
sense that an airplane is flown, is not possible
because there is no atmosphere in space. The speed,
altitude, and flight path angle of Apollo at the
instant the last booster engine cuts off determines
the characteristics of the spacecraft’'s orbit: its
apogee (maximum altitude), perigee (minimum
altitude), velocity and position at any point, and
the time to complete an orbit.

Any additional engine firing automatically changes
the flight path in space. To maneuver Apollo, the
engines must be fired, The direction, amount, and
duration of thrust of the service propulsion engine,
for example, causes a change in the shape of the
orbit about the earth, tilts the plane in which
Apollo orbits the earth, or slows it down to permit
entry and return to earth. During the flight to the
moon, the firing changes the path to the moon
(course correction), or slows the spacecraft at the
proper time to permit the moon's gravity to pull
Apollo into an orbit about the moon.

SPACECRAFT ATTITUDE

Two indicators on the main display console show
the spacecraft’s attitude. The indicators show the
angle, or angular position, in reference to star
sightings. These two indicators are called flight
director attitude indicators. They tell the space-
craft’s total angle {or position}, the attitude errors,
and rates of change.

The term total attitude refers to a combination
of information from two sources.

One of the sources is the stable platform of the
inertial measurement unit.

This provides total attitude information by hold-

ing the gimbaled, gyro-stabilized stable platform
to a fixed inertial reference (maintained by peri-
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odic star sightings). In other words, no matter
how the spacecraft moves, the stable platform
retains its fixed, star-sighted position.

The second source is a gyro display coupler. This
is a device which gives a reading of the space-
craft’s actual attitude as compared with an atti-
tude which the crew desires to maintain. A read-
ing of the desired attitude is given by manually
dialing roll, pitch,and yaw dials of the attitude set
display in the console. The gyro display coupler
then shows attitude errors by comparing total atti-
tude information against the manually dialed
attitude.

Information about attitude error also is obtained
by comparison of the inertial measurement unit's
gimbal angles with computer-reference angles.
Another source of this information is gyro assem-
bly No. 1, which senses any spacecraft rotation
about any of the three axes.

Total attitude information goes to the command
module computer as well as to the attitude indica-
tors on the console.

Attitude control of the spacecraft is provided for
the purpose of maintaining a certain angle or for
changing it during maneuver. If a specific attitude
or orientation is desired, attitude error signals are
sent to the reaction jet engine control assembly.
Then the proper reaction jet fires in the direction
necessary to return the spacecraft to the desired
position.

THRUST CONTROL

The computer in the command module provides
primary control of thrust. The flight crew pre-sets
thrusting and spacecraft data into the computer
by means of the display keyboard. The forth-
coming commands include time and duration of
thrust. Accelerometers sense the amount of
change in velocity obtained by the thrust.

Thrust direction contro! is required because of
center of gravity shifts caused by depletion of
propellants in service propulsion tanks. This con-
trol is accomplished through electro-mechanical
actuators which position the service propulsion
engine, which rides on gimbals. Automatic control
commands may originate in either the guidance
and navigation subsystem or the stabilization and
control subsystem. There is also provision for
manual controls.
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The stabilization and control subsystem provides
control and monitoring of the spacecraft’s atti-
tude, and control of the firing direction or thrust
vector of the service propulsion engine, It also ser-
ves as a backup system for inertial reference. The
subsystem may be operated either automatically
or manually. It is produced by Honeywell, Inc.,
Minneapolis, Minn.

All the control functions of this subsystem are
backups to the guidance and navigation sub-
system,

This subsystem is divided into three basic ele-
ments. It provides attitude reference, attitude con-
trol,and thrust direction control.

An electronic control assembly is used for atti-
tude control and thrust direction control. This
assembly has the circuits required for utilizing the
rate and attitude error sensors. |t also has the
manual commands necessary to maintain backup
stabilization and control in all axes {pitch, yaw,
and roll).

An electronic display assembly provides the logic
for establishing signal sources to be displayed and
displays to be used. This assembly also provides
for monitoring, isolation, and signal conditioning
for telemetry of display signals.

There are three hand controls. One is for line-of-
flight thrusting. Two are rotation controls for
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angular thrusting. The control for line-of-flight (or
rectilinear motion) of the spacecraft also enables
the crew to initiate abort during launch. It can
also be used to transfer spacecraft control from
the guidance and navigation subsystem to the
stabilization and control subsystem.

The rotation control gives the crew manual con-
trol of spacecraft rotation in either direction
about its three control axes. Also, it may be used
for manual thrust direction control in pitch and
yaw conditions when the service propulsion sub-
system is thrusting.

The fiight data display associated with the
stabilization and control subsystem includes the
flight director attitude indicators. They show the
spacecraft attitude, attitude error, and angular rate
information. Also located on the main dispiay
console is a gimbal position and fuel pressure indi-
cator which shows either the service propulsion
engine pitch and yaw gimbal angles or the booster
propellant pressures. This provides a means for
manually trimming the gimbals of the service pro-
pulsion subsystem engine.

EQUIPMENT

Gyro Assemblies (Honeywell, Inc., Minneapolis) —
Two units, each 6 by 7 by 14-1/4 inches
weighing 22 pounds 7 ounces, are on the left-
hand side of the navigation station in the lower
equipment bay. Each contains three body-
mounted attitude gyros mounted along body
axes to sense attitude displacement. Components
of each assembly are contained in a welded
aluminum alloy enclosure designed to provide
vacuum sealing and electrical continuity. In the
attitude-hold mode, any displacement causes one
gyro assembly to signal the reaction control
system jets to restore the original attitude. The
signal is displayed for the crew on the flight
director attitude indicator. The other gyro assem-
bly provides signals for display of body rates on
either or both flight director attitude indicators,
for rate damping, and for computation of inertial
attitude changes.

Rotation Controls (Honeywell) — Two identical
three-axes rotation controliers with control sticks
provide proportional rate command signals for
attitude or manual thrust vector maneuvers.
Motion of the controls is analogous to rotation
of the spacecraft about its axes. Direct angular
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acceleration command signals are provided when
the direct reaction control system switch is
actuated and the control is displaced to full stop
position. Controls can be mounted on left and
right couches and at the navigation position in
the lower equipment bay. Each control is in a
3 by 5.5 by 7.26-inch metal box with a 5.25-inch
aluminum stick handle. Each weighs 7 pounds,
including cable and connector. A trigger-type
push-to-talk switch is in the stick handle. There
are redundant locking devices on each control.
The control unit includes six breakout switches
to provide on-off command and signals to the
command module computer, stabilization control
system minimum impulses, acceleration com-
mands, caging of attitude gyros, and to enable
proportional rate commands in the electronics;
three transducers to command spacecraft rota-
tion rates during proportional rate control and to
command service propulsion engine gimbal posi-
tion in pitch and yaw during manual thrust vec-
tor control; and direct switches in each axis for
each direction of rotation. Direct switches pro-
duce acceleration commands through the direct
solenoids on the reaction control system engines,

bypassing stabilization control system elec-
tronics.

Translation Control (Honeywell) — This control

with a T-handle stick provides a means of accel-
erating along one or more of the spacecraft axes.
Motion of the control is analogous to translation
motion of the spacecraft. The metal box meas-
ures 3.78 by 6.3 hy 3.8 inches with a 3-inch
rubber boot and aluminum T-handle. It weighs 5
pounds 11 ounces. The control is mounted with
its axis approximately parallel to those of the .
spacecraft. Redundant switches close for each di-
rection of control displacement. Clockwise
switches transfer spacecraft control from the
command module computer to the stabilization
control system, One of the switches supplies 28
volts dc to a portion of the primary guidance
navigation and control system. Redundant
counterclockwise switches provide for initiation
of manual abort during the launch phase. A dis-
crete signal from switch closure is fed to the
master events sequence controller, which initiates
other abort functions.

Flight Director Attitude Indicator (Honeywell) —
There are two indicators, each in a metal box
6.9 inches in diameter and 9.33 inches long
weighing 9 pounds. They have glass cover plates.
One is on Panel 1 in front of the commander
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and the other on a panel to the right and
directly above it, just over the display and key-
board. The display is a ball with circles showing
pitch attitude, yaw attitude, and roll attitude,
and three scales — one above and below the ball
ahd a third to the right of it — showing pitch,
yaw, and roll rate with needles showing pitch,
yaw, and roll error. Attitude and attitude error
signals to the displays are supplied by the stabili-
zation and control system or the guidance and
navigation system. Rate signals to the displays
are supplied by the stabilization and control
system only.

Attitude Set Control Panel (Honeywell) — This
3.5 by 4.8 by 4.4-inch panel weighs 3 pounds 6
ounces and is in the lower left-hand corner of
the main display panel facing the commander. It
has three windows to display roll, pitch, and yaw
in degrees and three thumbwheels to the left of
the windows. The panel provides the means for
manually inserting desired attitude information
into the stabilization control system in the form
of three angles. It receives signals that represent
the actual attitude of the spacecraft relative to
an arbitrary inertial (fixed) reference frame. Qut-
put signals are provided, which represent the atti-
tude error or the difference between the actual
and desired total attitude of the spacecraft.
These signals can be used to drive the attitude
error needles on a flight director attitude indi-
cator, thereby providing the astronaut with a vis-
ual indication of the spacecraft attitude error

and to align the gyro display coupler to a fixed
reference frame.

Gimbal Position and Fuel Pressure Indicator
(Honeywell) — The indicator is in a
4.25 by 4.5 by 4.82-inch metal box with a single
window showing four meter movements. The
unit weighs 2 pounds 14 ounces and is directly
below the flight director attitude indicator in
front of the commander. It contains redundant
indicators for both the pitch and yaw channels.
During boost phases it displays second-stage fuel
pressure on the redundant pitch indicators and
third-stage fuel pressure on the two yaw indi-
cators, The gimbal position indicator consists of
two dual servometric meter movements mounted
within a common hermetically sealed case. For a
stabilization control system velocity change
mode, manual service propulsion system engine
gimbal trim capability is provided. Desired gim-
bal trim angles are set in with the pitch and yaw
trim thumbwheels.

DETAILED DESCRIPTION

CONTROLS AND DISPLAYS

Stabilization and control subsystem controls and
displays consist of two rotation controls, a transla-
tion control, an attitude set control panel, a gim-
bal position and fuel pressure indicator, two flight
director attitude indicators, and two gyro assem-
blies.

Two identical rotation controls give the astro-
nauts control of the spacecraft’s rotation in either
direction around all three axes. The controls are
connected in parallel so that they operate in a
redundant fashion without switching. Each axis of
control performs three functions:

1. Breakout Switches — A switch closure occurs
whenever the control is moved 1.5 degrees
from its rest position. Separate switches are
provided in each axis and for each direction of
rotation. These six switches are used to pro-
vide command signals to the CM computer,
stabilization and control minimum impulses,
acceleration commands, attitude gyro caging,
and proportional rate commands in the elec-
tronics.

2. Transducers — These produce alternating cur-
rent signals proportional to the rotation con-
trol displacement from the null position which
are used to command spacecraft rotation rates,
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