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PRTTACE
This second revised edition of the Astrionics System Handbook
has been developed under the direction and overall supervision of Dr.
Rudolf Decher of the Astrionics Systems Engineering Office.
This description oI the Saturn Astrionics System has been
generated by personnel of the Astrionics Laboratory, the staJf of
the Astrionics Systems Engineering Office, and by personnel of the
International Business Machines Corporation working under Contract
NASS-14000.

The handbook will be updated and expanded as it becomes
rrecessary due to changes or refinements in the systenl concept and
hardvare. Sections not contained in the first release of this document will be made available within three months.

Systems Engineering Office
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punposr 0r THt Aslnlolllcs sYsfft
sEcTloN

The Astrionics System consiets of all electrical and electronic equlpment aboard the Saturn Launch
Vehicle - thts Handbook descrlbes the components
whlch nrele up the Astrlonics System. + Presented ill
fundamental terms, the descrlptions are urtended to
elplaln the Sgerterel operatlon ol the components otr a
syetem level and to avoid detailed descriptlons of the
components thenrselves, lf poesible" However, when
the operation o( a component is sulficiently important

to the system operation, more detailed descriptlons
of the component have been provided.

HAllDBoot

Primary attention has been given to the fllght
conrponents of the Instrument Unit beeause they perform the most crltical functions of the Astrlonics
System. Signal flow to other stagee te followed only
as required to provide an overall understandlng of
the system operation.
Secondary attention has been glven to ground
systerns which operate irrith the Astrionics System to
provide tracking, data proceseing, and other aupport
activities for the Saturn Launch Vehiclee and the
Apollo Misston. The degree of detall to which theee
ground systems are explalned le ln accordance with

their importance to the Astrlonies
* Both Satrrrn IB and Saturn V Astrionics SyEtems
are deecribed in the Handbook. Because theee
Systems are very eimilar, the discusaion is ccntered
about the Saturn V Astrionice Systenr. Specific
differencee between the Satrrrn IB and Satttrn V
Astrionice Syster:'rs are indicated in diagrarrrs in
Section I.4, as ueil ae throughotrt the text.

Syetem.

General mlssion requiremente and syatem
capabilities are briefly dtscussed ln Chafler I to provide a basic understandlng of the Astrionlcs System.
Subsequent chapters preeent functlonal descrlptions
of the various subsystems and hardware lnvolved.
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sEcTloN 1.2
SAIURN IAU}ICH YEHICTTS
forming other tlpes o[ missions which can be generally
classified as the insertion of heavy payloads into earth
orbits and translunar trajectories. These other missions may include:

and 1.2-2 illustrate the Saturn IB
respectively, and include
V
Vehicle,
Vehicle and Saturn
Both vehicles have
data.
vehicle
some charactertstic
which is pro(the
Sta'-4e),
S-IVB
atage
the same upper
Unit
The
Instrument
engine.
pelled by a restartable
simvery
and
is
S-IVB.Stage
the
of
top
on
ts mounted
V.
Saturn
and
IB
ilar for Saturn

Figuree

1.2-l

r Transler between earth orbits
o Rendezvous in earth orbit
o Direct ascent and Lnjection into trans-

The primary mission of Saturn III is to serve
vehicle for the Apollo Spacecraft earth
launch
as a
tests. These earth orbital flights will
flight
orbital
phases of the lurrar landing trtlssit)n
certain
simulate
l('sts l'rl th€ space('rltfl and the
pr<lvide
flight
will
and
S-IVB.TIU $e$e. Saturn V ls the launch velrtt it' lrli
the actual Apolto lunat' lancltng rrlissions' 1'ht' tvpical
prof lle of a lulritr landing 111 i56;1rrlt rs dese ribed Il

Iunar trajectory

r

Injection into tranelunar trajectory following extended earth-orbit phases

r

Extended missions beyond injection

Saturn Vehicles are numbered consecutively,
beginning with 201 for the first Saturn IB Flight Vehicle
and 501 for the first Saturn V Flight Vehicle. The first
few vehicles of each series are considered research
and development vehicles.

Section 1,3.
The prinrarv objectrve of the Saturn Vehicles is

thesuccessfulact:onlplishttterrtrlftheApoilrllrtissiolr"
ln.addition, the Saturn Vehicles are t'apable of perNOTI CE

SATURNTAPOLLO COORDI NATE CHANGES

Xyl coordinotes usi,i i,r rhrs book hove been chonged to reflect the Pr6iectApollo Coordinote System
r5t 008-001-l ). Undt.r the:e storrdords, the XYZ oxes ore defined os: the X oxis is verticol through
tir lou,rct. site, the Z oxis is porollel to the oiming ozimuth, ond the Y oxis completes the right-honded system.
Thr

gt6..Jor<ts

vehicle o"es for roll, pitch ond yow ore olso defined os X, Y, ond Z, respectively.
Becouse of Instrument Unit ond vehicle configurotion chonges, this coordinote scheme becomes effective for
vehicles 2M ond 502 (ond subseqr.rent). The conversion from the old system to the new is os follows:
Fl

-z\

ighr

Flisht

Porh

X

-x-''-

\-'

NEW

OLD

+7.

Z

-v

Poth

to
to
to

7

x

-x
A detoiled explonotion of the coordinote systems con be found in Chopter 2.
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sEffl0il I.3
SATUR}I Y frIISSIO}I PROTILT
The profile of the Saturn V Launch Vehicle
Mission is illustrated in Figure 1.3-1. Beginning with
prelaunch checkout of the Astrionics System, the
mission is divided into seven operational phases, which
are referenced to speeific vehicle events. These
phases and their approximate time durations are
shown in Table 1. 3-1. The following paragraphs
describe these phases in detail..
PRELAUNCH AND LIFT-OFF
The prelaunch phase includes a complete

Astrionics System checkout, prelaunch program and
component activity (countdown), and the actual vehicle

IiJtoff.

vertical travel.
S-IC BURN

During system checkout, all components are
thoroughly tested by a complex of ground support
equipment. The testing activities include stage and
system checkout while the vehicle is still in the
Vertical Assembly Building (VAB) aad final checkout

The second phase of the Astrionics System
operation occurs during S-IC burn. During this phase,
the vehicle lifts from the pad and is propelled through
the denser portion of the atmosphere. This burn time
will normally continue for approximately 160 seconds
and terminate when the fuel supply is depleted.

pad. These test activities are sometimes
relerred to as "pre-rollout" (VAB) and "post-rollout" ,

(pad) tests.

Table

1.3-l

Saturn V Operational Phases

Phase

\-'

The final step in the prelaunch phase is the
countdown and actual liftoff. After ignition of the
five F-1 engines, complete vehicle control is transferred from the ground to the IU. The vehicle is held
down for a few seconds aJter ignition to allow the
engines to develop full thrust. The holddown arm6
then permit a "soft" release as the vehicle begins its

The prelaunch phase begins several weeks
before launch and conti-nues until the moment the vehicle leaves the launch pad.

on the Iaunch

Approximate
Duration

Prelaunch

24 hours

I

S-IC Eurn

160 seconds

I
I

S-II Burn

385 seconds

S-tVB First
Burn
,

150 seconds

Orbital Coast

4.5 hours

I

Preparation for Launch is the next step in the
prelaunch phase. Dunng this operation, the Inertial
Platform is aligned to the launeh azimuth, the final
Iaunch and flight constants are loaded into the LVDC,
and all filal preparations are completed.

S-M

Second Burn

Translunar Coast

Changed

l5 November 1969

)

Boost navlgation calculations are initiated in
the final seconds before liJtoff and continue until the
vehicle reaches earth orbit. The boost navigation
routine of the flight program calculates position,
thrust acceleration, and velocity in a space-fixed,
ilertial coordlnate system. These quantities provide
the necessary inputs to the guidance routines of the

flight program.

Guidance of the vehicle throughout the firststage burn is achieved through a preset time-tilt
(pitch) program. fteering commands are generated
as functions of time to guide the vehicle on a pre-

calculated course toward the orbital objective. The
vehicle is rolled into correct alignment with the flight
azimuth and tilted into the correct flight attitude.

Attitude control during first-stage burn is

355 seconds

accomplished by swivelling the four outer propulsion
engines to change the direction of thrust and thereby

2 hours

change vehicle attitude. Thrust directions are
oriented about the roll, pitch, and yaw axes oi the

1.3-1

Astrionics Systenr
Section

1. 3

vehicle.

The rate at u'hich the vehicle can change its
or
direction is controlled by programnring
attitude
,
rroughout
the flight to prevent structural danrage to
!lthu
vehicle.

Vehicle events are initiated and monitored by
the LVDC in an operation called "sequencing". Generallv, these sequence commands are used to initiate
or terminate a particular vehicle operation (e.9., inboard engine cutoff or retromotor ignition). A detailed flight sequence can be found in Section'4.3.

Final sequencing is olten referred to as
"staging" and is defined as the series of events leading
to stage separation. The main staging events of the
S-IC Stage are: inboard engine cutoff, outboard engine
cutt.rlf . ignition of the S-II ullage motors, f iring of the
separation device, and ignition of the S-IC retromotors. A{ter separatit-rn, the S-IC Stage falls to
earth in a ballistic flight path.

S-II BURN

I
!

S-II Stage ignition occurs almost simultaneously
with separation of the S-IC Stage. This phase of the
ttigtrt is designed to continue until fuel depletion (385
seconds after S-IC separation).
Near the beginning of this operational phase,
th" guidance system schenre changes fronr a standard
tinre-tilt mode to a path adaptive mode. This path
adaptive mode is designed to guide the vehicle toward
its orbital goal with greater accuracy and fuel economy.
Path adaptive guidance is used for the remainder of the
boost flight. Navigation and attitude control operations
are a continuation of the scheme used in the S-IC phase.

The launch escape tower is jettisoned and
second plane separation occurs early in this phase as

part of the normal sequence. Fuel depletion sensors
provide a signal to start staging operations. The
tive J-2 propulsion engines are shutdown simultaneouslv as the S-II and S-ryB Stages are prepared for staging.
Ilasically, the staging sequence is as follows: sense
low-fuel level, cutclff all 5 engines, f ire the S-ryB
ullage motors, fire the separation device, and fire the
S-[I retromotors. After separatiotr, the S-II Stage
falls to earth in a ballistic flight path.

s-tvB F'InsT tluRN (olrBIl'AL

IN.lF.(-"rlpN)

The f irst burn of the S-IVB Stage is designed
(o give the vehicle its f inal boost into earth orbit.
The burn tinre of the S-tVB Stage's single J-2 engine

f-./is

approximately 150 seconds. Engint' cutoff occurs
at the instant the vehicle re'a<'ht's it llredeterrnined

l.

3-2

veLocity. After cutoff, the engine is prepared Ior a
second burn period which will occur later in the flight.
Boost navi.gation calculations, used in the two
.
previous stages, are continued throughout the S-IVB
first burn. These calculated quantities provide the
necessary inputs to the guidance computations which
become more exacting as the vehicle approaches
orbital insertion and cutoff velocity. The path adaptive
guidance schenre continues throughout this flight phase.

Attitude control lor the S-IVB burn phase diJlers
from the control of the other 2 stages because of the
single-engine conllguration. Since the single engine
can only control pitch and yaw rnovements, an auxiliarv propulsion system is utilized to control the roll
functions. This system consists of ON-OFF thrust
nozzles which are mounted on the aft p<lrtion of the
S-IVB structure. The lateral and opposing thrust of
these nozzles positions the vehicle about its roll a.xis
as commanded bl'the guidance and control system.
Third-stage sequencing begins at S-II engine
cutoff and continues for the remainder of the S-IVB,'IU
flight. Initial sequencing involves the preparation and
ignition of the J-2 engine and jettisoning of the S-IVB
ullage rockets. Engine cutoff at orbital insertion is
commanded by the guidance systenr. Therealter, the
engine is purged for several minutes in preparation
for a later lestart when S-[VB second burn is commanded.

ORBITAL COAST
The orbital coast (earth orbit) phase of the
Saturn Mission follows cutoff of the S-IVB engine.
The vehicle, which is now reduced to the S-[VB,'IU
Stage and Apollo Spacecraft,

wiII orbit the earth

at

an approximate altitude of 185 kilometers (100 nautical
nr i Ies).

The'orbital coast phase is scheduled to continue
for a nraxirnunr of 3 orbits. During this f hght period,
the flight programi Astri<lnics Systern perfornrs seven
major functions: navigation, guidance, attitude control,
event sequencing, data managentent (telemetry), ground
conrrnand processing, and equipment evaluation and
checkout. When all systems are checked and deternrined readv and the vehicle is positioned in the lunar
insertion window, J-2 engine is restarted for injection
into the translunar trajectory.
Orbital navigation includes computations to
solve for position and for velocity based on insertion
conditions. 1'he conrputations are carried out by
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utilizing mathematical models ol the earth and its
to approximate the effects.of the physical
,' atmosphere
'orld on the vehicle. l'he orbital guidance function
'-1s co*puted by using navigational inputs, time, and
vehicle attitude. Generally, the vehicle attitude will
be nraintainert :rt 90 degrees to the local vertical.
Since the J-2 propulsion engine is cutoff , the auxiliary propulsion system is used for all attitude maneuvers.
Sequenci4g in

orbital coast flight primarily

involves purging the J-2 engine after cutoff and then
preparing it for a later restart"

tional

pull.

used lo "llrelrk awn\"'lrom earth orbit ltn,l thus injt'ct
the llurrch vehicle spa<:ecraf t tttto lt transluttar
traje<'tr.rry. l)uring this burn period. the velocitv is
consrderably int'reased (approxintatety 40 1lt'rcent)
to enable the vehir:le to escape tht: eartlt's 1;r:rvita-

,_t
1.3-4

J-2 engine will occur

when the correct velocity has been achieved.

TRANSLT]NAR COAST
The f inal olrerationnl phase for the Saturn
Launt'li Vehicle is the translunar coast phase. During
this phase. the prinrary function o1 the vehicle is to
rnaintain a steady attitude while transposition and
docking nlaneuv('rs are performed. These nlaneuvers
consist of:

o
o

S-IVB SECONI) I]URN (TRANSLUNAR IN.IPJCTION)
The second-burn flight trl the S-lVR Stage is

Shutdown of the

o

Spacecra{t LI\{ adapter deployment
CSM separation from the LM/iIUilS-tVB
configuration and CSM turn-around
CSM docking to the LM,/IU-S-ryB

configuration.
Soon after this point in time, the mission oI
the Saturn Launch Vehicle is considered completed,
and the S-fVB/IU Stage is separated from the LM/CSM

conligurat ion.

T
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ASTRT0ilICS SYSrrilS
The overall Astrionics Systems of the Saturn IB
and V Launch Vehicles are shown in simplified block

dlagrams in Figures 1.4-1 and L.4-2, respectively.
The major portion of the Astrionics eiluipment is loeatted in the IU. Drrnng flight, the Astrionics Systent
performs, or is involved in, the following main
functions:

o

Navlgation. guidance. and control of the
vehicle

a
r

Measurement of vehicle parameters

o
r

Data transmission between vehicle and
ground stations (up and down)

Tracking of the launch vehicle
Checkout and monitoring of vehicle func-

tions in orbit

r
o

Detection of emergency situations
Generation of electrical pourer

for system

operation

The operational liJetime of the S-IVB/IU Astrionics
System is 4-l/2 hours for Saturn IB and ? hours for
Saturn V. The operational lifetime is limited by the

capacity of the power supply (batteries) and the water
and gas supply of the environmental control system
which is sufficient to complete the presently defined
launch vehicle missions. With increasbd electrical
system and environmental control system capability,
the operational lifetime of the'Astrionics System can
be extended for longer duration missions il required.
NAVIGATION, GUIDANCE, AND CONTROL

D

The Saturn Astrionics System provides
navigation, guidance, and control of the launch vehicle
from liftoff until separation of the S-M,/IU f rom the
spacecraft. The components involved in these functions
are the ST-124M Inertial Platform Assembly, the
LVDC/LVDA, the Flight Control Computer, the ControlEDS Rate Gyros, the Control Accelerometers (Saturn
IB only), and finally the propulsion engine actuators

auxiliary propulsion system. The data stored
in the memory of the LVDC can be updated by data
transmission from ground stations through the IU

and the

system. The Inertial Platform Assembly
carries three integrating accelerometers which measure the thrust acceleration in a space-fixed reference
frame. In addition, the platform gimbal angles indicate the attitude of the vehicle in the plattorm refercommand

ence frame. The LVDA serves as the input/output
device for the LVDC and also performs necessary
data processing.

The LVDC performs computations for navigaand control functions. The position
and velocity of the vehicle is obtained by co-mbining
accelerometer measurements with computed gravitational acceleratlon. This information is the input
to the guidance computations which determine the
required thrust vector orientation and engine cutoff
time according to the guidance scheme stored in the
memory of the LVDC.

tion. guidance,

Attitude control during powered flight is accomplished through swivelling of propulsion engines
by means of hydraulic actuators to obtain the proper
thrust vector orientation. The actuator commands
are generated in the Flight Control Computer. The
Flight Controi Computer combines attitude error
signals from the LVDA and angular rate signals from
Rate Gyros to provide stable attitude control of the
vehicle. The attitude error signal is generated in
the LVDC by comparing the required thrust vector
orientation (from guidance computations) with the
actual vehicle attitude (obtained from platform gimbal
angles).

During orbital cr.tast periods, attitude controi is
system. This
system consists of 6 nozzles arranged in 2 modules
and mounted on the aJt end of the S-[VB Stage. The
auxiliary propulsion system is controlled by the Flight
Controi Computer located in the IU.
achieved by the auxiliary propulsion

1.4-1
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flight sequence control (e.g., vehicle staging,
and cutoff) is performed by the LVDC.
ignition
,' lngine
Ihe flight program, stored in the LVDC memory,
ugenerates the necessary flight sequence commands,
which are transmitted through the LVDA and Switch
Splector to the proper circuit in the particular vehicle

data acquisition system

for vehicle checkout before

Iaunch"

The IU command system permits data transmission from ground stations to the IU for insertion
into the LVDC.

stage.
TRACKiNG
MEASUREMENTS AND DATA TRANSMISSION
Each vehicle stage

is equipped with a measur-

ing and telemetry system, including RF transmitters
and antennas. For efficient utilization of available
bandwidth and to obtain the required accuracy, three
di,fferent modulation techniques are used il each stage
t'elemetry syst6m. These three techniques are FM/
FM, PCM/FM, and SS/FM. (The SS/FM is employed
in research and development vehicles only).
In Saturn IB vehicles, telemetry data is radiated from the vehicle to ground stations in the VHF band
(225-260 MHz). The PCM/FM systems of the S-IVB
Stage and the IU are interconnected to provide a redundant transmission path and to make StVS measurements available to the LVDA. AU flight control data
is transmitted through the PCM/FM system.
In Saturn V Vehicles, the PCM/FM telemetry
'--- data of the S-IVB and IU is transmitted in the VHF band
(225-260 MHz) and, in sonre,vehicles, in the UHF band
(2200-2300 MHz). The UHF-band transmission is
provided primarily for transmission over the longer
ranges after the vehicle has left earth orbit. In addition, the PCM/FM data can be transmitted through the
UI{F communication ald command system transponder.
This arrangement provides high reliability through
redundancy in transmission paths.
The telemetry system of each stage has a
separate output via coaxlal cable to the electrical
support equipment, which is used with th€ digital

'-,
r.4-4

The Saturn Vehicles carry several tracking
transponders. The ODOP Transponder is located in
'the first stzrge of Saturn IB and V Launeh Vehicles.
The IU is equipped with two C-band Ftadar Transponders, an AZUSA Transponder, and the CCS Transponder (S-band tracking).
EMERGENCY DETECTION

A vehicle emergency detection system collects
special measurements from each stage of the launch
vehicle" Based on these measurements, critical
states of the vehicle which may require mission abort
are detected, and the hJormation is sent to the Spacecraft for display and/or initiation of an automatic abort.
SPACECRAFT INTERFACE

Several lines cross the IU/Spacecraft ilterface
for exchange of signals. Alternate steering commands
from the spacecraft navigation and guidance system
may be used to control the launch vehicle during S-II
and S-fVB powered flight phases. This type of operation is con5idered as backup in case of a failure of the
IU navigation and guidance system. To iadicate the
state of the launch vehicle, certain measurements are
sent to the Spacecraft and displayed for the crew.
Before launch, automatic checkout ol the vehicle system ls controlled by the launch computer
complex and the electrical support equipment. This
equipment also includes the digitai data acquisition
system.

Astrionics System
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SYSITTII RTTIABITITY CONSIDTRATIONS
Fr,rrr the overall reliability goal of 0. 85
assrgned to the Saturn Launch Vehicles, a goal of
0.992 was aylportioned to the Instrument Unit which
contains the rrialority of the Astrionics Systenr
identified in Section 1.4. This goal is applied only
to the conrlronents required to accr.rmplish and
support the guidance, control, and sequencing functions during the Saturn IB earth orbital nrission
(4.7 hours) and the flight portion of the Saturn V
lunar mission (6. 8 hours).

DUAL REDUNDANCY
The LVDC and LVDA utilize dual redundancy
in the conrputer memory and power supply areas.
Nornrally, the output from one of the dual memorles
(rnernory A) is utilized. However, if an error is
detected in nremory A (by either parity checking or
hall-select current monitoring), output is switched
to nremory B.
The power supplies which furnish excitation

The Instrument Unit design concept requires
a digital/inerti.al guidanpe scheme and an attitude
error/attitude rate control schenre. A non-redundant
system irnplementation of these design concepts would
have a reliability of approximately 0.98 which ls not
commensurate with ule 0.992 goal. In order to
achieve reliability which is cornmensurate with the
IU goal, six fornrs of redundancy are utilized within
the IU:

o Triple mr:dular redundancy with majority
voting

o DuaI redundancy
a Pair and spare redundancy
o Quad redundancy
o Backup redundancy at the functional
o LVDC program backup redundancy

level

TruPLE MODULAR REDUNDANCY

Triple Modular

Redundancy (TMR)

is enrployed

extensively throughout the Launch Vehicle DigitaL
Computer (LVDC) and Launch Vehicle Data Adapter
(LVDA). The binary louic requirt'd to perfornr a
yrven fun(tron is triplicatcd, ancl the ,rutputs uf the 3
cltannels thus (c.,rnrcd are led to a rna.lori.ty voter.
'l'he output of tht: voter coinr:ides with the rnajority of
the inputs to tJre voter (i.e., three logical "1's" or
two "1's" and a "0" produce a "l" output; two "0's"
and a "1" or three "0's" produce a "0" output). The
effects of all single cor.nponent part failure s are negated
by this schenre and significant

results.

reliability

enhancenrent

for the LVDC and LVDA circuits are designed so that
the predominant mode of failure is no output. Two
suplllies, each capable of supplying the required
current, are actively *OR'edrr by diodes. Thus,
failure of any one supply can be tolerated.
PAIR AND SPARE REDUNDANCY

"Pair and Spare" is the term applied to the IU
control systeln redundancy scheme. This circuitry,
which is used in the Control Signal Proceqsor and
Flight Control Conrputer, processes slowly varying
dc voltage levels. Once again, the required circuitry
is triplicated. The three channels are t}le "active" or
"command" channel, the "standby" or "spare" channel,
and the "reference" channel. Output is normally from
the active channel. A differential amplifier is used to
conrpare the active channel output with tfie reference
channel output. I{ a diJference in level occurs, output
is switched to the slandby channel. All single failures
are detected and negated by this scheme.
A form of "pair and spare" redundancy is also
utilized in the LVDA ladder output circuitry. As in
the control system, an active channel is cornpared with
a reference channel. A disagreentent initiates a
switr:hover which allows a standby channel to provide
the output to the Flight Control Computer,. Some of the
hardware in the LVbA ladder circuitry is utilized for
allthree vehicle axes.by a time sharing arrangement,
QUAD RTOUUOaTCy
Quad redundancy is ernployed in the Mod tr
Switch Selector. Individual transistors are replaced

1.5-1
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by 4 transistors in a series-parallel configuration.
7 -uilarly, single diodes and resistors are replaced
\-r groups of four.
BACKUP REDUNDANCY
The Emergency Detection System (EDS) constitutes backup redundancy at the functional level' The
EDS cannot negate the mission effects of the failures

wilch it detects. It does, however, provide for the
crew's safe departure from a defunct vehicle. Thus,
while the probability of the IU accomplishing the translunar injection is in the order of . 99, the probability
of not injuring the crew (in the case of a launch vehicle
failure) is increased to 0.9999 by utilization of the EDS.
PROGRAM BACKUP REDUNDANCY

The logical decision-making capability of tle
LVDA/LYDC is used to achieve backup redundancy
for various components.

,The LVDC flight program compares the digital
word present in t}te Switch Selector register with the
word issued by the LVDA. If a disagreement is
detected, the LVDA issues the binary complement of
the original digital word to the Switch Selector. This
complenrent word eauses the Switch Selector to issue
? same output tlat the original word would have
\enerated. The effects ol single failures in the
Switch Selector register are negated by this scheme.
Thg LVDC flight program performs a reasonableness test on the inputs from the gimbal resolvers

)
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of the ST-124M Inertial Pla6orm Assembly. An
unreasonable input will cause syltchover fmm the flne
mode of resolver opera6on to the cmrte mode (whfdr
is sufficient to allow mission succees). II both flne
and coarse resolver inputs are unreagoruble, the
LVDC/LVDA will cause the Launch Guidance Feilure
i.ndication in t}re spacecraft to be affirmaflve. ThiB
failure indication ls an EDS manual abort parameter.
As opposed to mission success redundancy, tlde
function of the LVDC flight program congtihrtee en
EDS type of redundaney.

The flight prograrn evaluates the plaEorm
system inertial velocity outputs in a manner elmllar
to t},at described for the gimbal reiolvere, For eech
inertial axis, t}re velocity encoding and prccesslng
hardware has dual redundancy. Reeeonableness tests
are performed on the output of the initfaly selected
channel. If an unreasonableness is detected, the
program swltches to the redundant chamel. If the
redundant channel is reasonable, its ouSut will be
utilized in the normal fashion. An unrersonrble
decision on the redundant channel will cause the
LVDC flight program to use a modified navlgation
scheme and initiate the Launch Guidance Failure
indicatlon previously described. This arrangement
provides mission redundancy for failures of tlrc
optisyns, Accelerometer Signal Conditioner, and
assoclated LVDA hardware. EDS-type redundancy
is provided for double failures of this herdware and
single failures within the Inertial Pla{orm acoelerometers and associated servo loops.

CHAPTER 2

NAVIGAIION AND GUIDANCE
(r

SECIION 2.1

THE }IAVIGAIION

, GUIDANCE, AilD COI{TROI, SYSTEIII

The problenr oI directing a space vehicle, to
accomplish a given mission, is customarily discussed
in terms of three separate functions: navigation, guidance, and control. The boundaries between these 3
areas are to some extent arbitrary and conventional.

The 3 terms, navigation, guidance, and control, will
be used in this text according to the following definit

ions

l

o
r

Navigation is the determination of position

o

r

Guidance is the computati.on of maneuvers
necessarv to achieve the desired end con-

Vehicle attitude error signals (r!) lysn',
the LVDC/LVDA.

r

Vehicle qttitude rate-of-change signals
(d) from the Control-EDS Rate Gyrcr

Controi is the execution of maneuvers
(determined from the guidance scheme).

A block diagram of the overall Saturn V navigation, guidance, and control system is shown in
Figure 2.1-1. (This figure also applies for the
Saturn III Vehicle iI the S-I1 Stage Swi.tch Selector
and errgi:re actuittor blocks are omitted. ) The 3girabal, stabilizecl Lrertial Platform Assembly (ST124-'M) provides a space-fixed coordinate reference
system for navigation measurements (vehicle acceleration and velocity). Three integrating type acceleror)reters, nrounted on the stirbilized inner gimbal
oI the platlt)rm, mcitsure the 3 cunrponents of vehicle
velocit-v (XI. YI, Z1) resulting from vehicle propulsion.
f'he nreasurements are sent through the LVDA to the
LVDC where they are used in calculating the vehicle's
velocity and position in space irt relation to the earth.
Accordrng to the guidance scheme (programmed
into the conrputer'), the maneuver required to achieve
thc desrred end c,..,ndit-ions is deternrined bv the LVDC.
'fhe instantaneous position and velocit l ol the vehicle
are used as uputs. 'l'he result rs thtl requrred thrust
rlirerction (iguidance command) and the tinte rlf ertgine
cutof{.

The Flight Control Computer is the controlliag
element of the control system. It accepts basic signals from 2 sources:

and velocity of the vehicle from measurements nrade onboard the vehicle.

ditions oI a trajectory (e.g., an insertion
into orbit ).

,

Guidance information stored in the LVDC
position,
velocity) can be updated through the
,
IU command system by data transmiss.ion from
ground stations. (The IU command system provides
the general capability for inserting new information
into the LVDC. )
(e. g.

.

Package.

The attitude correction commands are computed
according to the guidaace scheme in the LVDC. They
are then issued through the LVDA to the Flight Control
Computer. I'he Flig'ht Control Cotnputer then comrnands the engine actuators to lnove their respective
engines to the desired angle. This girnballing action
changes the direction of the thrust vector of the vehicle,
thus moving the vehicle about its roII. pitch, or yaw
axis. The Control-EDS Rate Ciyro Packqge senses the
angular rate of change of these attitude changes and
movements of the vehicle. The signals thus generated
are supplied as dl,namic feedback to the Flight Control
Conrputer. The Flight Control Computer sums the
angular rate information from the rate gyros with the
atfrtude error signals from the LVDC/LVDA to produce
engine commands which con{orm to the prescribed

vehicle Iimits.
Commands for ftight sequence control are
generated in the LVDC according to a stored program.
These commands are transferred through the LVDA
to the Switch Selector of the corresponding vehicle

stage. Examples of flight sequence control are engine
ignition, cutoff, and stage separation. The Switch
Selector in the addressed stage activates the necessary circuitry to perform the commanded function.

2.
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Attitude and sequence control of the launch vehicle is described in Chapters 3 and 4, respectively.
The Inertial Platform, LVDA and LVDC, which are
involved in navigation, guidance, and control operations, are described in Chapters l4 and 15.

r
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Figure 2.1-1 Block Diagram of saturn v Navigation, Guidance, and control system
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2.2

NAVIGATIOI
2.2.t

GtiltRAt DISCRtPTtoil

Duriag powered flight, the Saturn IB/V Navigation System determines vehicle position, velocity,
and acceleration from measurements made onboard
the vehicle. The initial measurements are supplied by
integrating accelerometers which are mounted on an
inertial platform within the ST-124-M tnertial Plat-

form Assembly+.

I]

Three di-fferent coordinate reference systems
(three-dimensional) are associated with the Saturn IBl
V Navrgation System. Using these coordinate systems
and nreasur(,ments f rom the Platfornr (velocity and
attitucle angle), the LVDC is progran'rmed to cornpute
the instantaneous vehicle velocity and position. These
values are presented to the guidance system in terms
of X Y Z coordinates.*+
During orbital flight, vehicle position, velocity.
and acceleration are computed from equations of motion which are based on the {light conditions at the time
of orbital insertion. During this phase of the fli.ght.
data for navigation and guidance calculations can be
updated from the ground stations via the IU contmand

system.

launch site)" As the earth rotates. the vector wili
remain oriented between these 2 points and is therefore earth fixed. A space-fixed reference vector will
be aimed at a point in space and is completely independent of the earth's revolution. After a quarter
revolution of the earth, the earth-fixed vector will
have rotated 90 degrees while the space-fixed vector
will have remained pointed in its oritinal direction.
The origin ol both reference vectors remains fixed
at the center of the earth.

GRAVI"ATIONAL COORDINATE SYSTEM
The gravitational (XG. YC. ZC) coordinate system is arnonrotating, rec\angular coordinate system
whose origin is fired at the center of the earth. See
Figure 2.2-1 . It is used incomputing the ef{ect that
gravity has upon the Piatform-mounted accelerometers.
The Y6 axis is aligned with the earth's spin axis and
points south. The X6 axis is in the equatorial plane
and intersects the equator at the longitude of the launch
site at launch time. The 26 axis which is perpendicular to the Y6 and X6 axes completes the righthanded orthogonal system.

PLUMBLINE COORDINATE SYSTEM

2.2.2 ilAYtGAItoil C00RDtilArt

The plumbline (XS YS ZS) coordinate system

RTTIRTilCT SYSITiIS
References ro.

,jr,r.t" origin. position.

and

destination must be def ined before a navigation scheme
can function. The three primary coordinate systems
used for Saturn navigation are:

l

becomes permanently space fixed.

Tht. gravitational ctxrrdinate systenl

Y. z^t
lx^GCG

o

The plurnlrlinc coordinatt, svslenl

o Tllt'

lrr,6i1 1'1rrtt'dittalt'

tX, Y, Zr)

system ,XB YB ZR)

The references for these coordinate systen]s
are either earth fixed or space fixed, An earth-Iixed
reference vector will exist in a Iine from the earth's
center through a point on the earth's surface (e,g,.

Chansed

is used for navrgation and guidance computations. Its
origin is also at the center oI the earth. See Figure
2.2-1. The system is earth fixed untit Guidance
Reference Release (GRR), a few seconds before liftoff.
At that time. the Xa axis is established. and the svstem

l5

Novembe'r 1969

* I'or the Purpr>se ()t brevrt),, the ST-lZ.+-\,{ lneltial
I)iatlorrn Assernbly will herealter be reterred to
as the Platlornr.
tt

I'lrt' XY1, ( ()ordinates used in this book lrar e ltt'r,rr
to reflect tht. Prolt'ct Apollo Coordinale
Svslerrr StandarrJs rSE 00ll-00.1 - I r. This r'oordinal(, scherne beconres effectir e for r-ehicles 20.{
r itange<1

anrl i02 rand subsequentr. F.or lurlher r.letarls
reler t() Settion .l .2.

L_t

I

I
I

Aslrionics System
Seclion 2,2

(

North
I

Ascending Node

I

Plone

Equotoriol Plone

Iroiectory

1.,

Vehicle

ZB

Grovitoiionol Coordinote System - A non-

rototing, rectongulor coordinote

XgYgZg

system.

The Y6 oxis is collineor with the eorth's spin
oxis ond points south. The X6 oxis is perpendiculol to the Y6 oxis ond oriented so thot
the X6Y6 plone conloins the lounch site ot
lounch time. The Z6 ori. I ,' oleres o righthcrrd orthogonol :yslem.

Novigotionol Coordinote System - A non-

roioting, rectongulor coordinoie system.

The

X5 oxis is col lineor with the grovity vector ot
the lounch site. The Z5 oxis is porollel io the

Body Coordinote System - A coordinote system
which is porollel to fhe X5Y525 system ond
with its origin ot the vehicle's Plotform sometimes

written os

XrY*Zr.

d

Geodetic lotitude of the lounch site.

Az

Lounch ozimuth, meosured in clockwise
direction from north,

r

Rodius veclor from the eorih's center
vehi cle -

to the

eorih-fixed firing ozimuth ond is positive downronoe. Thc. Y5 oxis compleies o right-rx:ncl
sy:hogonol syst€m.

Figure 2. 2-1 Navr.gation Coordinate Systems
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computed fronr the stored gravitational model of the

II

BODY COORDINATE SYSTEM

I

The bodv (Xg Yg Zg) coordinate system is
used for velocity measurements. Unlike the first
two systems. the Xg Yg Zg system has its point of
origin at the Platform (see Figure 2.2-l). The
Xg yg Zg coordinates are parallel with the XS YS ZS
coordinates. Thus, any increment of velocity measured at the Platform is an indication of motion along
ttre Xg Yg Zg axes. Before launch. hroth the plumbline
and body eoordinate systems are earth fixed, but at
O*O, both systems become space fixed. The body
coordinate system is sometimes referred to as the

I
I
I

I
I
I

XU YU

Z*

system.

2.2.3 ltAYIGAIl0lr CAICUl.tTloilt
BOOST NAVIGATION

The velocity values. measured by the Platform
integrating accelerometers. are pr<;cessed within the
LVDA and fr.rrwarded t() the LVDC as increments of
velocil-v. Velocity is integrated and used to determine
position. The basic navigation scheme is shown in

Frgure 2.2-2.
Additional forces. such as gravity and initial
velocity. must be considered. and the effect induced
by these forces must be compensated for within the
navigational computations. The gravitational acceleration. which is acting upon the acceLerometers. is

Accelerotion
(merersfecond2)

Velocity

Posi ti on
(meters)

IU\l

Figure 2.2-2 Basic Navigation Scheme

Changed 15 November 1969

A

nominal value is 9.8 meters. second second (9.8 M
at the earth's surface and will decrease as vehrcle
altitude increases.

52)

The quantities and equations required for bo<tst
navigational computations are listed in Table 2.2-L.
A definition of the terms used in these and other navigation equations may be found in the List of Abbreviations. Signs. and Symbols at the rear of this handbook.

Figure 2.2-3 is a detailed flow diagranr of the
navigation scheme. Starting at the upper left of the
figure. velocity measurements (integrated flour the
Platform's acceleration values) are obtained from the
Platform via the LVDA. Within the LVDC. initial
veiccity (imparted by the spinning earth). gravilational
velocity (caused by the elfects of gravity). and the

II22rl

I

Platform velocity are algebraically sumnred. Their
sum is inertial vehicle velocity in the space-fixed
XS YS Zg coordinate system. This velocilv is integrated and added to the initial position (distance from
earth's c''enter to the Iaunch site) to deternrine vehicle
position. The value of position is used in guidance
computations and to compute the gravitationai velocity
which is "looped back" to the velocity readings. Values I
of Platform velocities are differentiated to obtain
components

<-rf

accelerat ion.

ORBITAL NAYIGATION
During orbital coast flight. the navigational
program periodically eomputes the vehicle position,
velocity, and acceleration from equations oI motion
which are based on vehicle conditiorrs at the time of
orbital insertion. In orbit, navigation and guidance
information in the LVDC can be updated by digital ctata
transmission through the IU command system

Orbital navigation includes the computations
necessary to determine position. velocity, and total
acceleration of the S-IVB and IU relative to the rravigational coordinate system during earth orbit. These
computations are carried out in an indirect fashion,
making use of mathematical models of the earth, its
atmosphere, and the vehicle to approxirnate the eflects
of the physical world on the vehicle. See Table 2.2-1.

(meten/second)

t

. earth. This gravitational acceleration varies il
relation to position and distance from the earth.

Additional navigational computations are used
in maintaining vehicle attitude during orbital coast
flight. These computations establish a local vertical
which is used as a reference lor attitude control.
Normally. the attitude of the vehicle roll axis will be
maintained at 90 degrees with respect to this local
vertical.

2.2-3

/\s{ f i()ni('s Systcrtr
St't tiort 2. 2

Tablt, 2. 2-l Navigation Contputations
Bortsl Nat'ig,ttirtrt

T[r' lxrost ltavil{artion routine conrbines calculated glavitational accolcrations with nle]asured
Platforrn velo('itios to conrlrute position and t()tarl velocitl in an carth <'etrtt'red inertial ct>ordinato
Ir:r nre.

The gravitational:tcctleration conrponents.

t*, V*. and Z* are contPutecl during boost as:

X,,
ts x^s-Psino

.

Vg--YSSrPcososinAz

Zr,r,

s- Pct-rsocosAz,

where S and P are conrputed from equations which characterize the gravitational nrodel and include
values of GM (universal gravitational constant), as (equatorial radius of the earth), d (geodetic
launch site latitude). Az (firing azimuth), and established constants*. These accelerations are then
used to conrpute a change in position and velocity due only to the gravitational force. The gravitational position change is combined with the updated change in position due to thrust force to arrive
at a new inertial position, The velocity change is added to the accumulated platform measurements
to arrive at the current inertial velocitv. The state quantities thus calculated provide the necessary
navigational input to the guidance routines.
The computations in the LVDC are perlormed in the following order:

(1)

Change in position

i\
(2)

= | IsX pAST + XgpAST
^trzl

Change in position

AxT =

(3)

(4) Gravitation c<lmPutatiotrs

from gravitation

I* ,. * (xS. Ys, zs)

At

(5) Gravitational velocity

from acceleration

[ *rur * *n, oo* I At, 2

Igx

(6)

New space-fixedposition

Xs = XS ,AST + AX* + AX, + *o

51

-

Igx PAsr

+ atl2 (te * ig Past)

Space-fixed velocity

*r.ir*Ig1

(Xp1 represents measured values of velocitv from the Platform.

**o

)

Corresponding notation also holds for the Y and Z directions.
The computational method described is adequate for all periods of f Iight other than cutoff
Because the navigational computations are performed only at intcrvals greater than 1 second.
position and velocity must be extrapolated to provide proper valtres at S-IVB cutoff. A special
routine is included in the terminal calculations to provide the necessary extrapolations. thus

ensuring correct navigational quantities from which to initiate orbital navigation.

The gravitational model used in current studies evaluates onlv the round earth and
oblateness terms during boost.

2.2-4
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Table

2.2-1 Navigation Computations (Cont.

)

e
,, :, .rl:r,,ff;.i:,:... i

.,,

Orbital navigation includes lhe cornputations necessary to determine position, velocity, and
total acceleration of the S-fVB and IU relati.ve to the navigation coordinate system during orbital
coast. These computations are carried out in an indirect fashion, making use of mathematical
models of the earth. its atmosphere, and the vehicle to approximate the effects of the physical
world on the vehicle, Certain simplilying assumptions were made with regard to the drag model
and the rotation of the earth's atmosphere*. The equations characterizing the mathematical model
are:
)i,..

*C+\+X,

i i.*ir*iu
2"
'= zG*ZD*Yv
first equatior, i i" the. total acceleration in the space-.fixed X dlrection caused by
gravitation (i6), atmosphere drag (io), and venting accelerations (frV). Corresponding
notation also holds for the Y and Z directions. The systenr is then numerically integrated to
yield position and velocity of the vehicle at any time.
where for the

*

The gravitational model evaluates the round earth and the

first three oblateness terms of the

expansion.
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GUIDAl{Ct
2.3.t GIIrRrt

Co]tstDIRAItolts

The guidance firnction of the launch vehicle is
accomplished by computing the necessary flight maneuvers to meet the desired end conditions of the
flight (e. g., inserting the payload into earth orbit).
Guidance computations are performed within the
LVDC by progrrlmmed guidance equations which use
navigation data and mission requirements as their
inputs. Simply, the guidance program compares the
launch vehicle's present position and heading with the
predetermined "target in space", and the computed
differences are issued to the attitude control equipment as maneuvering commands, The control system
then alters the vehicle's thrust direction until the vehicle is on its newly computed heading.
Eigure 2. 3-1 is a simplified flow diagram of the
guidance computations within the LVDC. These computations are actually a Iogical progression of computed formulas which have a guidance cornmand as
their solution. After the desired attitude has been
determined by the "best path" program, the guidance
computations might be reduced into the following
equation:

O=X-0

where:

.

ry'

is the attitude error command*
(all measured in the XS YS ZS
slstem**)

X

is the desired attitude

0

is the vehicle attitude

Calculating these attitude error commands completes
the guidance scheme.
Input data to the guidance computations are the
state variables of the vehicle position, velocity, and
acceleration (i. e. , the navigation measurements).
The result of the guidance computations is the required
thrust direction (guidance command) and the time of
engine cutoff and re-ignition for the S-IVB Stage. The
thrust direction is expressed as three Euler angles
XX X y X 2 defining the thrust vector orientation in the
space-fixed coordinate system XS YS ZS. One final

computation, however, involves transforming the
attitude commands into the vehicle reference frame
from the Platform coordinate references (VAVyrlrg
to Pn 9p 9y). These values are then utilized by the
control system to form the engine thrust angle commalds.
PATH ADAPTIVE GUIDANCE

Overall system performance requires that the
guidance scheme minimize propellant consumption for
flight maneuvers and avoid excessive structural loads
caused by such ntaneuvers. The guidance system must
correct numerous flight perturbations, such as atmo-

spheric perturbations from wind, unsymmetrical air
flow because of vehicle dissymmetry, flight path
deviations caused by nonstandard vehicle and engine
characteristics and performance (this might even
include engine-out cases), control inaccuracies, and
ernergenc v situations.
In addition, the required end conditions of the
powered flight phase, at insertion into earth orbit and
at injection into translunar trajectory, must be met
with a high degree of accuracy to avoid additional propellant consuming maneuvers,

To meet this requirement, path adaptive guidance has been developed for Saturn Vehicles. The path
adapti.ve guidance scheme does not constrain the vehi-

cle to a standard trajectory, as with many ballistic
missiles. Based on the instantaneous state of the
vehicle, the path adaptive guidance scheme computes
a new minimum propellant llight path to achieve the
mission-deterrnined end conditions. Thus, perturbations occurring during flight will be corrected in an
optimum way.
* Sonrctinres relerred

t<; as A$ in other docLutreutatior.r.
** The XYZ coordinates used in this book have bt,en
changed to reflect the Project Apollo Coordinate
System Standards (SE 008-00I-l), This coordinate scheme becom(-s effective for vehicles 20-l
and 502 (and subsequt'nt). For further details
r('fL.r to Section l. 2.
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Several path adaptive guidance schemes have
for Saturn Vehicles. The polyno-

been developed

TRAJEC TORY CONSTRAINTS
AND LAUNCH WINDOW

mial guidance scheme and the iterative guidance mocle
have been successfully used in Saturn I flights. The
iterative guidance mode will be used with Saturn IB
and V and is described in Paragraph 2.3.2.

A large number of constraints apply to the
trajectory o{ a launch vehicle. These constraints
result from mission rules; environmental conditions

During first-stage nigfrt (S-tS or S-IC Stage
propulsion), the vehicle transverses the dense portion
of the atnrosphere where high aerodynamic pressure
occurs. To avoid excessive structural loads caused
by guidance nlaneuvers, no guidance constraints are
applied during this flight phase. Open loop guidance,
in the form of a time-tilt program, is used, Path
adaptive guidance begins with the ignition of the
second stage (S-U Stage for Saturn V and S-IVB Stage
for Saturn IB).
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Figure 2.3-1

2.3-2

A combination of the various constraints
generates a limited time period lor launch; i, e. , a
Iaunch window to meet mission requirements. there
are 2 types of launch windows for the launch vehicle
in the Saturn V/Apollo mission: the ground launch
window for ascent into parking orbit and the orbitat
launch window for translunar injection,
The launch azimuth at the ground and the
orientation (inclination and descending node) of the
parking orbit ar:e varying with time. A brief explanation of the reasons for time varient launch azimuth,
inclination, and descending node seems advisable at
this point. At any instant of time a plane can be
de{ined which contains the launch site, the center of
the earth, and the moon at the desired time of arrival
In order to maintain this plane, it is necessary to vary
the launch azimuth on the ground continuously, since
the launch site is moving with the rotating earth and
the moon is moving, , When range safety constraints
are jntroduced, the launch azimuth will be limited to
a certain band of values, For launches from Cape
Kennedy. the band is approximately 72 to 108 degrees
measured east o{ north and will be encountered twice
each day. Within this band, a 26-degree range oI
azimuths will guarantee at least a2-l/2 hour launch
window. Normally, this variation wiII be applied to
the portion of the band where launch azimuth varies
linearly with the time of launch. Of the two daily
launch periods, one will generally tead to a shorter
coasting are in orbit than the other. Since the geographic position of the launch site is fixed, it follows
that one of the launch periods leads to time of coast in
parking orbit such that ignition in orbit occurs within
a range close to the launch site - sometimes referred
to as the "Atlantic opportunity". The second launch
period calls for coasting arcs of greater Iength commonly referred to as "Pacific opportunities".
.

Desired Attitude

(xx xv

such as the atmosphere and location of launch point;
operational requirements such as safety restrictions
of launch azimuth and tracking requirements; and
hardware limilations such as structural load limits
and available propulsion means. The dominating
and most severe requirement applying to the choice
of trajectories is optimal propellant utilization.

irU

LVDC Guidance Functions

Ii-)2u

Since launch vehicle payload capability is
degraded by powered piane changes, it is assumed

Changed
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that in the nominal case there will be no such maneuvers. If it is desired to go into an orbit with an
inclination to the earth's equator (greater than the
latitude of the launch site), then it is possible to
launch directly into the properly selected launch
azimuth. There are other constraints which might
be present which affect the launch window problem;
e, g., launch during daylight, proper lighting.of the
launch site, and lighting of the return landing sites.
These, however, do not affect the basic geometrical
coneiderations.

2,3.2 IITRATIYT GUIDINCT ilIODt
The Iterative Guidance Mode (IGM) was developed to meet the mission llexibility requirement of
large space vehicles with minimum propellant consumption. The scheme is based on optimizing techniques using calculus of variations to determine a
minimum propellant flight path which satisfies the
mission requirements. Experience witi hundreds of

minimum propellant trajectories for various orbital
insertion missions has demonstrated that the optimum
thrust direction, relative to the local verticaf, is very
nearly a linear function of time during vacuuu flight.
Moreover, the size of the angle bdtween the optimum
thrust direction and the local horizon is never very
large. These observations show a remarkable agreement with the mathematical results obtained from the
ca-lculus of variations when a flat earth model having
a constant gravitational field is used, and position and
velocity constraints are imposed at cutoff. A closed
solution can be obtained with this mathematical model
aad it yields an explicit equation for the optimum thrust
direction. This equation has the form:
Xn =

arc tan (A + Bt)

(2.3-1)

where Xp is the optimum thrust direction for minimum
propellant consumption and t is the time. Constants A
and B are determined by the specilied cutoff velocity
and position, the initial values of the state variables,
t}re vehicle thrust acceleration, and the engine specific
impulse. The comparison of this equation with the
results of trajectory studies suggests the use of the
Iirst order expansion of (2.3-1) as an approximation:

Xn=A+Bl

(2. s-2)

A rectangular injection coordinate system
V V Z V) (Figure 2. 3-2) is established with the
origin at the center of the earth and with the X U axis
Iying along the vertical which intersects the calculated
cutoff position. Simplified equations of motions are
(X

Y

3

derived to approximate the motion over an oblate
earth with a i"ealistic gravitational field. These equations of motion are solved during flight to deternrine
the instantaneous range angle to cutoff, the time-togo to cutoff, and the gravitational effects occurring
over the remaining flight time. This information is
used to compute values for A and B continuously during flight. In practice, only the value oI A need be
calculated when computation rates on the order of one
or more per second are used (except during the last
few seconds belore cutoff w}en both A and B are computed and held constant over the remaining flight time).
This is necessary because the equation gives an indeterminate command angle at the cutoff point.
The iterative guidance scheme will be activated
early in the S-II Stage burn period and wiLl continue in
operation until insertion into parking orbit. Subsequently, IGM will operate until lunar transit injection
with the second burn of the S-iVB Stage. The guidance
scheme generates commands for the pitch-yaw angle
of the thrust direction and the cutoff velocity.
The inctination of the parking orbit cutoff plane,
the descending node, and the launch azimuth are functions of time of launch. During the last few minutes
prior to liftoff, these quantities will be computed in
the launch ground computer and the results will be
put into the LVDA. At the sam.e time, the Platform
will be aligned to the direction of the desired launch
azimuth. Figure 2. 3-3 shows how the quantities,
dependent on time of launch, vary ior a typieal launch
day. Very simple representations of these curves, as
a function of time of launch, can be obtained.
Examination of the loop shown in Figure 2. 3-4
between vehicle tracking and telemetry of the LVDC
and Platform, along with transmission of data in real
time to the MCC, the various possibilities of updating
information to the computer, of overriding commands
such as the ignition equation, and of performing an
alternate mission can be seen" In the case of abort
(e. g. , failure somewhere in the S-II to the nominal
mission), no change in input is required. The soiu-

tion of time-to-go and other parameters in the iterative scheme settle out quite rapidly (after 2 or 3
cycles). This statement also holds for changes in
desired terminal conditions which might be built into
the computer. Neither the accuracy nor the near
optimality of the scheme is degraded.
In summarv, the effort has been directed toward generality of guidance equations with a minimum ameunt of input - both for the nominal mission
and lor abort and alternate missions. Since a minimum amount of "tampering" with the main program
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in the LVDC is necessary. efficiency is at a high
level, and checkout is grqatly simplified. A great
deal of consideration was given to the question: Is
it better to have one set of guidance equations with
the extraneous contputatiun ot tht'quantities which
are nulled for a spectal casr', ur tt-r have separate
equations for thr' ascent-ttttr,-orbit and the flight-outof -<lririt ? CIost' coorditlall()r) \r'ith pe rsonnel uho would
actually be rnvolved with thc flight pr<lgrarn on the
LVDC resolved the answer; Extrane'ous contputation,
with the rnrnintunr anrount oI charge tcl the flight program, is nrore desirable. The time required for programnring a cornputer fronr one flight to the next is
reduced by this niethod. In Iact, theoretically it is
possible to program the computer, change the vehicle
configuration, change the nrission, and never perform
another checkout of the LVDC. Practically, of course,
a high-confidence level is necessary for crew salety
and for accomplishing the desired mission - so checkouts are performed again but of a much more limited
nature than if a completely new computer program
were required.
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The iterative guidance equations require more
LVDC capacity than most of the other guidance schemes
optimized for minimum propellant consumption, but
considerable flexibility is gained. The same set of
guidance command equations is applicable to almost
all orbital missions and can be forn.rulated for use with
any number of high thrust stages. The small number
of presettings that must be calculated Ior a flight represents physical quantities such as vehicle exhaust
velocity, nominal cuto{f time, and desired cutoff
position and velocity. This is an important character- '
istic of the scheme since these presettings may be determined without resorting to time-consuming statistical methods. The accuracy and propellant economy
with the scheme are excellent. The fuel required to
attain the desired cutoff conditions (at orbit insertion)
is within 5 kilograms'(tf . t pounds) of that required
using exact minimum propellant equations obtained with
the calculus of variations. This economy is obtained
even under severe perturbations such as an engine
failure in the first stage of a two-stage, multi-engine
vehiele.
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The following is a brief suntnrarizing description of guidance functions during the vari<.rus phases of
the Saturn Launch Vehicle Mission in the Apollo Progril nr.

c)

7

70

24

26

28

30

32

34

Time of Lounch from Midnight (103 seconds)
IBM B230

Figure 2.3-3 Launch Window Parameters

2.3-5

Astrionics Systetn
Sectir-rn 2. 3

Before launch, the Platfornr is erected with

SECOND. AND THIRD-STAGE FLIGHT

the X5 axis vertical and Zg a.\is pointing in the direc+ion of the launch azirrruth. Since the launch azinruth

,
. ; varying

with tirne, the Platform is torqued to maintain this orientation, Just prior to liftoff, the Platforrn is released and becomes space-flxed oriented.
The Z5 axis now determines the flight azirnuth.
FIRST-STAGE FLIGHT
The vehicle

'

After ignition of the S-II Stage, adaptive guidance (i. e. , the iterative guidaace mode) is used during
all propell.ed flight phases of the mission. The iterative guidance mode, described in paragraph 2.3.2,
computes the pitch and yaw angles of the required
thnrst direction to guide the vehicle on a minimum
propellant trajectory into the predetermined parking
orbit.

lifts off vertically from the

launch

pad and maintains its vertical orientation long enough
(approximately 10 second) to clear the ground equipment. A then initiates a roll maneuver to align the

S-II Stage engine cutoff is initiated when the
propellant in the S-II tank is consumed to a predetermined level. Following separation of the S-II Stage,
the S-IVB Stage engine is ignited.

vehicle with the flight azimuth direction. (On the
Iaunch pad, the vehicle always has a roll orientation
fixed to the launching site. ) This maneuver gives the
vehicle control axes the correct alignment to the flight
plane, thus simpli.fying the computations in the attitude

By this time the vehicle has reached approxinrately the orbital altitude and the S-IVB propulsion
provides the necessary velocity for the circular parking orbit. When the predetermined velocity has been
obtained, the guidance conrputations cornmand engine

control loop.

cutoff.

During first-stage propulsion, a time-tilt
(pitch) program, stored in the LVDC, is applied simultaneously with the described roll maneuver. The pitch
angle of the vehicle is comrnanded according to the tilt
program, which is a function of time only and is inde'endent of navigation measurements. However, navir-ation measurements and computations are performed
throughout the flight, beginning at GRR Cutoff of the
first stage engines occurs when the fuel level ia the
tanks reaches a predetermined level. Thereafter, the
first stage is separated from the launch vehicle.

Ground Computer

At, O,

for Lounch

Functions of

Operofion

Lounch Time

r

Acceleration, velocity, and aerodynamic pressure for a typical Saturn V powered flight trajectory
into earth orbit are shown in Figure 2.3-5. The step
in the F/M curve around 41 5 seconds is caused by a
change of the propellant mixture ratio to increase the
specific impulse which, however, reduces the thrust
and therefore cannot be applied earlier.
ORBITAL FLIGHT
During orbital coast flight, the navigation program continually computes the vehicle position and

Lounch Vehicle

Digitol Computer

, Ground
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velocity from the equations of motion based on insertion conditions. Attitude of the vehicle roll axis in
rbit is normally maintained at 90 degrees with respeet to the local vertica-1. The local vertical is determined from navigational computations. The time
of re-ignition of the S-IYB engine and the required
thrust orientation for powered flight-out-of-orbit are
computed during each orbit.

TRANSI,UNAR INJECTION

In orbit, navigation and guidance information
in the LVDC can be updated by data transmission from
ground stations through the IU radio command system.

In the following llight phase, up to and through
the transposition maneuver, navigation and guidance
computations continue.

2.3-8

When the computed time of re-ignition occurs,
the S-IVB engine is ignited. The same guidance equations are used again for the translunar injection. The
S-M propulsion is cutoff when the proper energy
(velocity) for translunar injection is achieved.

CHAPIER 3

AITITUDE CONTROT

(

sE(Iloit 3.1
AIIIIUDT CONIROT
3.r.r

GtNtRAL (0]tslDrRATlolts

The attitude control requirement of the Saturn
Launch Vehicle can be divided into attitude control
during powered flight and attitude control during
coast flight. Attitude contr<,rl and stabilization during
powered flight are accomplished by swivelling of the
propulsion engines to control thrust vector direction.
During coast flight (in orbit and a-fter translunar it rection), attitude control is provided by the auxiliary
propulsion systenl of the S-IVB Stage. This auxiliary
propulsion system is used also during powered flight
of the S-IVB Stage for roll control which cannot be'
achieved with the single engine of the S-IVB Stage.
Control of the launch vehicle during ascent
into earth orbit can be divided into 2 phases. During
first-stage powered flight, the vehicle traverses the
dense portion of the atmosphere. Large side forces
(resulting from aerodynamic flou' and wind) can act
on the vehicle. Maneuvers during this flight phase
are limited because of structural constraints. Structural loads f ronr aerodynamic forces are kept within
a tolerable range lrv t'ontrolling the vehicle to achieve
a nrinimum angle of attack. Aerodynamic pressure
reaches a nraxinrum at approximately 12 kilometers
(?. 4 nrilt's) altitude 7? seconds after liftoff. For a
typir:al Saturn V trajectorv, sct' Flgurt' 2. 3-5.
Fronr the viewpoint of vehi<'le corrtrol, maneuvers during vacuum flight are limited only to the extent that structural bending and propellant sloshing
are not dangerously excited through the nature of the
control comnrand.
The objective of the attitude control system
during propulsion of the vehicle is to appropriatelv
orient the thrust \,ector, relative to the vehicle, su<'h
that the required attitude commands are perfornred
in a satisfactorily damped mode of rotation.

SYSITTIT

The vehicle cannot be considert.d rigid but
must be treated as distrilluted masses connected by
an elastic structure, Forces acting on these n)asscs.

resulting from atmospheric perturbations or active
control of the vehicle. excite the complex spring-mass
systenl and cause bodv bending. Since the structure
possesses low damping characteristics. oscillatory
bending urodes of considerable amplitude can be produced, to which control sensors nray be subjected at
their particular locations. Thus, incorrect infornration about the total vehicle behavior may cause sellexcitation of the bending modes and instability of the
vehicle control s],stem.
The vehicle is aerodynamically unstable because the center of pressure is located forward of the
center of gravity. As an exantple, Figure 3.1-1 is a

plot of the center of pressure and the center of gravity
for the first phase of the Saturn V flight and shows that
the vchicle is unstable except for a short period of tinte
around the 60th flight second.
Much of the vehicle characteristic data varies
widely with time and the individual stages. In addition,
sonre can be predetermined only to a certain degree,
and tolerances must be imposed. Thus a wide operating range of the control system must be provided.

A typical frequency s$ectrum for the Saturn V
Vehicle during powered flight can be seen in Figure
3.1-2. The frequency bands, rather than single frequencies, are the result of changing vehicle-state conditions because of propellant consumption as a function
of flight time. The frequency band marked "enginereaction-zero" represents the sinusoidal response
where the inertial effects of the engine induce forces
at the engine ginrbal point equal and opposite to the
side forces obtained by swivelling the thrust vector.
The net effect is that the vehicle bending mode response
to the engine deflection is zero at this frequency. This
is sometirnes known as the "tail-wags-dog" frequency.
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The Saturn V control law for the thrust vector
'eflection angle (E) is:

B

= aoL*\6

where a6 and a1 are gain factors. and p and / are
attitude error angle and attitude angular rate. respectively. The attitude error angle (ry') is obtained f rom
the LVDC/LVDA. and the attitude angular rate (C)
is obtained from the rate gYros.
)t

The Saturn IB control law for the thrust vector
deflection angle (P) is:

p=
where

.9

o

ao,1.,*a1$.*zt

r is the lateral acceleration

along the pitch or

yaw axis as designated, and 92 is the corresponding
gain factor. The pitch and yaw I values are meas-

ured by the Control Accelerometers whose sensitive
axe6 are perpendicular to the vehicle longitudinal
axis. The lateral acceleration control is used during
S-IB Stage propulsion to reduce structural loads from

10

aerodynamic forces and to provide minimum-driJt

control,

coordinate system. while fhe Control Accelerometers
are used to measure side or lateral acceleration with
respect to the vehicle coordinates (acceleration along
the yaw and pitch axes).
The choice of the control sensor (rate gyros

is very important for
attitude stab.ilization of the vehicle. StabiLization of
large launch vehicles, with respect to bending and
torsion modes, is usually obtained by shaping networks in each of the three control sensor channels.
and accelerometers) locations

Elastic body stability may be attained either
by phase stabilization or by attenuation of the bending
frequencies. Each method has its advantages. Phase
stabilization, especially of the lower bending modes,
makes it possible to maintain ade{uate bandwidth at
the control frequency. Also, a phase-stabilized bending mode will damp out faster aJter excitation than a

t-2

80

100

120

r

The acceleration measured by the bodynrounted Control Accelerometdrs differs from that
measured by the guidance accelerometers. The
guidance accelerometers are mounted on the stable
platform of the tnertial Platform Assembly and measure accelerations with respect to an inertial space

3.

60

Tiru of Flighr (rccond!)

Figure 3. 1-1 Variations of CP and CG During Flight
mode that depends upon attenuation for stabilization,
In contrast, stabilization by attenuation is preferable
for the higher bending modes since these mode shapes
are generally more diJfieult to define and because it
is possible to compensate bending mode shapes and
frequencies satisfactorily by attenuation. Thus for
practical reasons, phase stabilization is applied to

the lower frequencies and gain stabilization (stabilization by attenuation) to the higher lrequency spectrum"
In the case of large launch vehicles like Saturn V,
some bending modes are so close to the control loop
frequency that they are best phase stabili.zed. Thus.
for Saturn V during first-stage operation, the first
and second bending modes will be phase stabilized and
higher modes will be attenuated. Drring the secondstage powered flight, only the first bending modes
will be phase stabilized and higher modes will be attenuated. During the third-stage powered flight, the
bending mode frequencies are higher than those for
the other stages; therelore, all the bending modes of
this stage will be stabilized by attenuation. AII torsional modes are at a relatively high frequency and

will

be attenuated

for all stages.
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To provide the desired phase, it is necessary
that the rate gyro be properly located on the vehicle.
Figure 3. 1-3 exhibits the Saturn configuration and the
first two bending mode shapes.
The attitude gyros and rate gyros are both
located in the Instrument Unit. Since the control loop
gain at the bending mode frequencies i.s much less
through the attitude loop than ttrrough the rate loop, the
location of t}te attitude gyro is not as sensitive and is

usually determined by other considerations - primarily
the need to have one centrally located unit for all
stages. The location of the body-mounted accelerometers (used only in the Saturn IB fi.rst-stage propulsion
phase) is also in tle Instrument Unit. However,
should design changes dictate, t}re accelerometers
could be located elsewhere on the vehicle.

3.I.2

ATIIIUDT COilIROt fOR

POWTRTD rIIGHT

Attitude control of the launch vehicle duri.ng
powered flight is accomplished by swivelling of the
main propulsion engines and thereby changing the
orientation of the thrust vector.
The attitude control system of the Saturn V
Launch Vehicle provides attitude control and stabilization Irom launch until separation of the S-IVB/IU

Stoge

Stage from the Apollo

Spacecraft. For the secondburn phase of the S-IVB Stage, the Apollo navigation
guidance and control system is available as a backup
system and sends input signals to the Saturn Flight
Control Computer. This backup capability for the
S-II and S-IVB first-powered flight is under consideration.
The S-IB Stage has eight engines. The four
outer engines are swivelled in pitch and yaw by two
hydraulic actuators at each engine (see Figure 3. 1-4).
The S-IC and S-fI Stages have five engines each. The
four outer engines can be swivelled in pitch and yaw
by two hydraulic actuators at each engine. The S-IVB
Stage is propelled by a single engine which can be
swivelled in pitch and yaw. In addition, the S-IVB
Stage is equipped with an atxiliary propulsion system
consisting of 6 nozzles (2 sets of 3 nozzles) mounted
on the outside of the aft end of the S-IVB Stage. Four
of the six nozzles are required lor roll control of the
S-IVB Stage, since roll control cannot be achieved
with a single main propulsion engine. Figure 3. 1-5
shows the layout of the engine actuators and nozzles
for the stages of the Saturn V Vehicle. The polarity
tables given in this figure indicate which actuators or
nozzles are required to perform corrections for pitch,
yaw, or roll error signals.
The main components of the Saturn attitude
control system are shown in Figure 3. 1-6. The platform gimbal angl.e readings (PX By B2)* indicate the
orientation of the vehicle in the navigation coordinate
system (Xg Yg Zg). The LVDC computes the required
thrust vector orientation (i. e. . tfre desired gimbal
angles (XX Xy X2) according to the guidance scheme
and generates the difference (* = r -A). From the
attitude angle di.fferences (,f 1rp y*Z), attitude error
signals (0nf p0y - with respect to the body-fixed
roll, pitch, and yaw axes) are generated and sent to
the Flight Control Computer.
In addition to the attitude error signals, the
Flight Control Computer receives signals from control qensors - attitude rate signals (6pdydp - with
respect to the vehicle's pitch, yaw, and roll axes)
and lateral acceleration signals ** (b, Iy - along
the pitch and yaw axes). All control signals fed into
the Flight Control Computer are analog signals. The
Flight Control Computer processes and combines
these signals according to the control laws (Equations
3. 1 -1 and 3. l-2\ to generate the control signals for
the engine actuators and attitude control nozzles.

\-figure

3.

1-3

Shape of the

First

and Second Bending

Modes (Saturn V)

3.1-4

* The XYZ coordinates used in this book have been
changed to reflect the Project Apollo Coordinate
Sy6tern Standards (SE 008-001-l), This coordinate scherne becornee effective for vehicles 204
and 502 (and subsequent), For further details
refer to Section 1.2.
** Saturn IB only.
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3.I.3

AIIIIUDT (ONTROT TOR COAST T[IGHT

During coast flight, attitude control of the vehicle is accomplished by means of ttre S-IVB Stage auxiliary propulsion s-"-stenr whi<lh contains six attitude

control engines (thrust nozz.les). When fired, the
nozzles produce torques about the center of gravity of
the vehicle. They arc controlled in a pulse-type manner (full thrust or OFF) by the spatial amplifiers in
the Flight Control Conrputer. The attitude control
engines are turned ON when the input signal to the spatial amplifier exceeds certain limits and turned OFF
when the input signal falls below a set threshold. The
control scheme generates thrust pulses of variable
duration at changing intervals which are controlled by
the pseudo rate modulators in the spatial amplifier.
Over a certain range of the input signal, the output of
the nrodulator is pulse-width and frequency nrodulated
and is a function of the input signal magnitude' Above
this range, the output (thrust) is continuously ON;
below this range, it is OFF.
a

A phase diagram (Figure 3. l -7) shows the angle
and angular rate relationship for a lirnit cycle operation. When the vehicle is rotating in a positive direction with positive angle (corresponding to pointAon the
diagram), it will re:rt:h lloitrt B when the combination
of O and d exce,rtls the upper side of the attitude deadthus firurg the rocket motor. The angular rate
band
of f decreases and changes t,r a negative quantity,
placing the vehicle at point C on the diagram where
the signal, still positive, falls below the level required
to keep the motor ON, and the torque disappears. Fronr'
this point, the vehicle drifts at a constant angular velocit5 toward condition D where the negative deadband

limit is exceeded.
The attitudr contro] engincs of the S-IVB Stage
arr:<illary proJrulsion svsteln art' used to control the
vehicle attitude in roll during S-Ml porvered flight
phases and in pitch, yaw, and roll during S-IVB coast
Itight phases. These engines are located in 2 modules
lS0 clegrees apart on the a-ft end of the S-IVB Stage'
One module is located over position I and the other

over position

III

as shorvn in Figure

3.1-5.

1

Each

module has three hypergolic attitude control engines'
One engine of each module is used to control tlte
vehicle's attitude in pitch while the other two are used
in yaw and roll control.
.The attitude engine control signal is composed

of an attitude error signal (,tr)

attct a

vehicle turning

rate signal (d).

The body mounted Control-EDS Rate
Gyros, located in the tnstrument Unit, supply the de-

sired vehicle turning rate inJormation. Attitude error
signals (0) may come from 1 of 2 sources. When the
Instrument Unit is controlling the vehicle, an attitude
error signal is supplied by the LVDC through the
LVDA as shown in Figure 3. 1-8. When the Spacecraft is controlling the vehicle, an attitude error signal is obtained from the SpacecraJt over Spacecraft/
IU interface lines.

Limits are imposed by the LVDC for IUerror signals and by the IU Flight
Control Computer for Spacecraft-generated attitude
error signals. It should be noted in the figure that
attitude error linrits of t2. 5 degrees in pitch and yaw
and r 3. 5 degrees in roll are imposed on the attitude
error signals. These error signals are used only by
the auxiliary propulsion system.
generated attitude

3.I.I

SPACTCNATI

AITIIUDT CO}IIROI.

Spacecra{t attitude control oI Saturn IB,/V
Vehicles, by the Astronaut, exists as an optional
means of controlling the vehicle during the orbital
phases of flight. (The hardware for control during
powered flight does exist, but its use is Irot planned
for present rrrissions. )

The attitude error signals lrom the Spacecra-tt
may originate in the Apollo navigation, guidance, and
control system or may be generated by the Astronaut
through manual control. h any case, the limiters in
the IU Flight Control Computer will limit the angular
rate. These linrits prevent excessive propellant

3. 1-5
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Figure 3.1-4 S-IB Stage Engine and Actuator Configuration
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rate
desired

from Iarge angular

sired gimbal value. The di.fference between the comnranded and actual gimbal angles results in an error
attitude.
signal which is resolved into vehicle coordinates and
is given to the IU Flight Control Computer as an attiThe Apollo Spacecraft attitude reference system tude error signal. The S-IVB attitude control system
can follow the instartaneous vehrcle attitude. This is
then operates in the linrit-cycle mode about this comaccomplished by driving the command display unit
- mand attitude.
servo motor with an error signai which is formed by
diiferencing the commanded and actual gimbal angles. 3.1.5 AITITUDt SlGllAl. PR0CtSSIilG
When the Astronaut wishes to mainrain a particular
attitude ori6ntation, he can use the t'onrputer to set
The attitude control system is a closed-Ioop
the command display unit comrnand rersolver to the desvstem in which various input control signals are
usage which would result

commands while driving the vehicle to the
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a

supplied bv way of the FIight Control Computer (FCC)
to the. engine actuators. Signals. PSI ('r) and Phi
dot (d), are generated for eac:h of the three vehicle

(roll. pitch, and !aw) an,;l cart he written as
three equations for the Beta conrnrand,
axes
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Figure 3. 1-9 illustr,rlr's il pr(x'('ssing and
fkru lLar:r'lurr for att,'ude conlr,,i stp:rt.tls dttrtttg
pou'ere<l tlight. Grrnbal angles ',.*, d". liz. ) f r()m th(l
ST-124 lnertial Platforrn:rre received as electrical
input signals in the LVDC and indicate tht- actual
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Gimbol Angles
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Figure 3. 1-9 Attitude Signal Flow Diagram

I

the LVDC by computing the difference between the
actual vehicle attitude angles (0) and the guidance
command angles (X), where the guidance colnmand
angles are the desired vehicle attitude angles. The
method for obtaining the attitude error command as
stated in the general equation ( U - X - 0) is illustrated in the flow diagram (Figure 3.1 -9) and the
angular diflcrence (in Fi{ure 3.1-9) indicates the
correction that must be applied to the vehicle's e-ngines

The ST-124M Inertial Platform gimbal angles
provide an indication of the actual roll, pitch, and
yaw attitude oI the vehicle and are measured during
minor loop operation in the Flight Program. The
measurement of these angles occurs every 40 milliseconds during the boost mode and twice per second
during orbit. 'fhe angies are provided as an electrical signal fronr the output of a dual resolver system in the ST-124M, (Refer to Section 14.4).

GMBAL ANGLE REASONABLENESS TEST

ance scheme. The attitude error signals (A*. A y, .\z)
are the differences between actual gimbal angles-and
the desired vehicle attitude angle and are measured
in the platform reference franre. Since the attitude
{'rror commands must bt, provided in the vehicle ref{.r(.n('(' f ranre. a coordinate transformation must be
plrl,rrnr,.ld. 'l'lre sine-cosine coefficients (A1 , A2,
A3. A4. A5. and scale fltctor) are computed during
, rr'rt mirror loop support routlne of the Flight Pro:r'.(m .rnd are utilized to tralsform the attitude error
slLMl)5 I'rtrr vehiCl€ Oriented ladder Commands
i'!r.,, r/t.. ,\.'. The coefficients A1 through A5 are
r alculatod dpproximately once per second (the gain to
be uScd in these equations is defined in Table 3.1-1).

To ensure that the gimbal angle readings are
accurate, the Flight Program executes a test routine
within the LVDC to check the validity of the gimbal
angle readings. This test routine is called the Girnbal
Angle Reasonableness Test and is not to be confused
with the Accelerometcr Reasonableness Test. AIthough the routine is termed Reasonableness Test,
tlrr. actual ginrbal angle processing consists of 3 tests:

The angular rate error signals (45r, .0., and
dr) are supplied by the Control-EDS Rate Gyro Package Lhrough the Control Signal Processor. The outputs are provided as redundant signals and are the
attitude angular rates of the vehicle about the vehicle's
pitr:h, r'oll. and yaw axes. The purpose ol the angular
rate error signals is to control the rate of response
of the vehicle to the Beta command and to eliminate

DISAGREEMENT TEST

.

overshoot at the encl of the correction.
The generation of the attitudt' error com(r!)
for roll, pitch. and yaw is performed in
mands

3.1-10

Disagreement Test

ZerorTest

)

Reasonable Change Test

The output fronr the dual speed resolvers is
sent to the LVDA as electrical signals (analog)
where they are converted to digital form by the
duplexed Crossover Detectors (COD) and temporarily

stored in two 1l -bit counters to form two gimbal
angle readings, an "A" reading and a "8" reading
(Refer to Figure 15.6-2). These readings are compared in the LVDA and, if the 2 readings disagree
by more than +3 or -4 counts, a Disagreeme,nt Bit
(DR) is set. The DB is part of the gimbal angle
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reading is
iS zero. A
An une ryected zero readi
he counter is
interpreted as ar error and is included as part of the
. tine to detect a failure in the power source actir--.ng the dual-speed resolver system. If a zero
reading occurs, the previous counter reading is
examined to determine if it also was zero. If it was
not zero, the single zero re'ading condition has no
significance and is overlooked. The program then
transfers control to perform the reasonable change
tr,st. If , howeve.r, the previous reading was zero,
the last attitudc error comrnand is checked to deternrine whether its magnitude was less than the prestored value in the f light program's table of test
constants. Refer to Table 3. L-2 (Zerc Test column).
lf the attitude error command is less than the prestored value in the table, it indicates that the vehicle's attitude was not changed and the zero reading
indicated by the counter is assumed to be valid. If
Tabie 3. 1-2 Gimbal Angle Reasonableness
Test Constants

however the attitude error command is greater than
the prestored constant, the indication is such that
the attitude of the vehicle had changed and the counter
reading should indicate a reading greater than zero
to show the vehicle change. In this latter condition,
the zero reading is not valid and the gimbal reading
is called unreasonable. When the zero test is unreasonable, the gimbal angle reasonable test failure
counter is incremented by a count of one and the
previous good attitude error command is reissued.
The zero test for the yaw axis is performed in
the same manner as performed in the pitch or roll
axis. Although the change in this axis is expected to
be zero, the yaw gimbal angle output, providing successive zero counter readings, does not necessarily
indicate an error. The last attitude error command
is checked against the zero test constant and if less
than the value of the test constant, the counter readings of zero are valid.
REASONABLE CHANGE TEST

Time
Interval

-

Fine

Resolver

Coarse

Resolver

(First

)

Coarse
Resolver

(After

First

Zero
Test

Use

RR***

...nitial Reading Only)

1.4 **

GRR*** to
T5 + 100

0.4

18. 5

0.6

0.06

TU + 100
to T6*

1.0

18.5

2.0

L,2

toTT+15
Tr+15

0.4

18.5

0.6

0.06

to T7 +

1.5'

18.5

2.0

L.2

1.0'

18.

2.0

1.2

0. 06

To-9

T,

?00

+ ?00 to

End of Mission

5'

* This change is made when switch over from
orbital navigation to boost navigation occurs.
** Due to the fact that there can be a one degree
misalignment of the vehicle on the launch pad
and the possibility of aclditional gimbal angle
offsets due to winds. the initial fine gimbal
reasonableness test constants (RTC)at GRR
only is specified as 1.4

"* Guidance Reference Release (GRR).

3.1-12

If the selected gimbal angle reading passes the
zero test, the reahing is compared to the last reas'onable reading. The difference between the two
readings is compared to the Gimbal Angle Reasonableness Test constants which are prestored in the LVDC
memory. If the magnitude o[ the difference is greater
than the prestorct values (Refer to Table 3.1-2 first
three columns), the new reading is called unreasonable and the failure counter is incremented. The
initial value for the fine resolver contains a launch
pad misalignment factor of one degree and a possibility
of additional offsets due to winds. The large initial
value for the coarse resolver is purposely set to compensate for ttte large differences of accuracies between
fine and coarse resolvers.
If the gimbal reading is unreasonable during
either the zero test or the reasonable change test, the
previous good attitude error command is reissued.
If a particular (x, y, or z) channel is forurd to be unreasonable 3 times during one computation cycle in
boost or 3 times during 5 seconds in orbit, the backup
(2:1) resolver replaces the fine (64:1) resolver as a
source of gimbal angle readings. The test for this
condition occurs each time a gimbal angle reasonableness test failure counter is incremented, Unreasonable readings from the backup resolver at a rate of
more than 15 per second during boost or more than 6
in 5 seconds during orbit causes the guidance reference
failure discrete to be set. The test for this condition
is made once per computation cycle in boost and once
every 5 seconds in orbit in minor loop support.
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Thrr irpparent rate of vehicle attitude change

lor conditions resulting from either the fine or coarse
resolvt'r' farlure can be determined from the values of
the tlst constalts contained in Table 3' 1-2 and the fact
that during boost the minor loop is processed 25 times
per second and in orbit the minor lopp is processed
10 times per second (ginrbal angle only read twice per
second).

Examples:

To provide a smooth and continuous change in
vehicle attitude, when correcting for a change in desired vehicle attitude, A Chi is incremented into
smaller angles as a function of the duration of the
computation cycle and the number of times the minor
loop is performed. The process of incrementing
AChi is an averaging process and is performed during
the minor loop support routine (once every maior loop
during boost). The increments are termed DChi and

are defined by:

Boost:

0.04 x 25.. l0.0 sec ({ine resolver)
0.06 x 25 = 15.0'/sec (coarse
resolvcr)
Orbit:
1.0 x 2 - 2.0,sec (fine resolver)
2.0 x 2 . 4.0 ,'sec (coarse resolver)
Attitude Error Comntatrcls
The attitude error commands (0p, 0p, 0y)
are the signals generated in the LYDC and used by the
FCC to implement the change in direction of the
thrust vector. These signals are generated 25 times
per second during boost (powered f light) and 10 times
per second in orbital flight. The computation is perfornred during the minor loop routine of the FIight
Program. However, the evaluation of the signal is
much more complicated than just described.. Evalua*
tion of the sig'nal is clescribed in the following

paragraphs.

Major Loop Chi
During each computation cycle, the LVDC
various routines. During the lterative
through
cycles
Guidance Mocle (IGM) routine, the LVDC, via inputs
such as time. velocity and position, computes the
desired attitude of thr: vehicle required to meet orbital
end conditions. This value of Chi (X) is calculated
in thr-' platforrn rcference system for each of the
vehicle's a-xes. The changes in trajectory that are
required in the elapsed time period {rom one computation cycle to the next is the AChi and is defined as:

AChi (x, y, z)

Chi Increments

=

DCHI

AChi-(x, y, z) ' (0.04)
(comp cycle)

= ti-"

Limits are placed on DChi values so that the rate of
change of the vehicle attitude is limited to one degree
per second in boost. This limiting is performed in
the minor loop support routine. During orbit, the
rate limit is set to 0.4 and 0.6 degree per second for
pi,tch,/yaw and roll respectively. Refer to Table
3.1-3 for the attitude command rate limits.
MINOR LOOP CTII (MLCHI)

During each minor loop, the desired vehicle
attitude is updated by increasing the previous value ol
MLChi by the incremental amount DChi. Under normal operating conditions the completion of each computation cycle should result in a value of the current
MLChi being equal to the first value of MLChi initiated
at the start of the computation plus AChi. However,
if the commanded attitude change exceeds the rate of
change limitation imposed on DChi, it may require
two or more computation cycles to achieve the desired
attitude change:
Incremental Update

MLChi (current)

Gimbal Angle Read
The gimbal angles

Added 15 Novcmlrcr 1969

Ml,Chi (previous) + DChi

Major Loop Update (normal operation)
MLChi (current) = MLChi (initial) + AChi

Chi (current) - Chi (past)

This change is the ehange in the desired vehicle attitude that will provide an optimum trajectory
to achieve desired end conditions.

=

(0x, 0y, 0z) are read dur-

ing each minor loop routine in boost and twice per
second in orbit. The angles are read in the Platform
reference coordinate system.
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Table 3.

1-3 Attitude Constants

Flight Mode

Attitude Command

Ladder

Ladder
Rate Limit
(deg,iminor loop)

Magnitude Limit

Rate

Pitch

Roll

Yaw

Pitch

RoII

Yaw

S-IC Burn

0.48

0. 48

0.48

15.

15.3

15.

S-II Burn

0. 48

0. 48

0.48

r5.3

15.

S-IVB lst Burn

0. 48

0.48

0. 48

Coast

0.24

0.24

S-IYB Znd Burn

0.48

Coast

0.24

Pitch

Roll

Yaw

3

1.0

1.0

1.0

3

15. 3

1.0

1.0

1.0

15.3

3.5

15.3

1.0

1.0

1.0

0.24

2.5

3.5

2.5

0.4

0.6

0.4

0. 48

0. 48

15.3

i5.3

3

1.0

1.0

1.0

0.24

t).24

2.5

35

2.5

0.4

0.6

0.4

Attitude Error Command

3

The updated value of the MLChi and the current gimbal angle reading are compared during each
minor loop routine. Any difference between the de-

sired vehicle attitude (X) and the actual vehicle attiis called the attitude error command. These
signal differences or attitude error commands are
referenced to the Platform reference coordinate system. Since the signals required to correct the vehicle's attitude must be referenced to the vehicle's
body reference coordinate system, the commands
(lx. a y, 6z) must be rotated through a transformation matrix to obtain the comhands 0R, 0P, and 0Y.
The trigonometric functions required to transform
from Platform frames to the vehicle frame are computed in the minor loop support routine.
tude (0)

Limiting
The Attitude Error Commands are magnitude
rate limited using flight mode dependent constants. As shown in Table 3.1-3, these limitations
are placed on the.ladder outputs (f n, 0p, and f Y)
by the Flight Program to provide control and statrility.
Maximum ladder magSnitude is 15.3 degrees and is a
function of hardware design. The limit values as
shown reflect an attitude control gain of 1.
and

ATTITUDE ERROR COMMAND PROCESSING
Figures 15.6-9 and 15.6-10 illustrate the
attitude command processing within the LVDA. Atthough the attitude error commands are generated as

15.

digital O"tu, tt
signal

3.1-14

Limit

(deg'sec)

(degrees)

signals are converted to analog

prior to "being presented to the FCC.

The

development of the signals is performed in the LVDA
and includes digital to analog conversion, error detection, signal amplilication and scaling, telemetry
buffering and storage. Digital data are alternately
received from the LVDC and are temporarily stored
in three 9-bit ladder registers. Two of the ladder
registers in conjunction with two ladder decoders provide redundant processing of the commands. The
third ladder register and ladder decoder act as a reference channel used in error detection.
The error detector compares the reference
ladder decoder with both the ladder decoder A output
and the output of the selected output multiplexer
driver. If the comparisons are within designated
tolerances, the error detector allows the normally
selected charurel A to remain selected. If either or
both comparisons are out of the normal tolerance
(=0.1 degree) the error detector will select channel
B. Channel A is reselected by the LVDC in each
minor loop unless channel A is known to have failed
3 times in a computation cycle. The output of the
selected ladder is applied to 3 output multiplexerdrivers. Each driver, when enabled by the roll, pitch

or yaw control signal, will sample and store its respective roll, pitch or yartr commard. The "hold"
capacitor in the driver stores the analog voltltges for
a limited time before the signal tends to decay. Constant update of the attitude cornnrands is provided
wery 40 milliseconds during tht' boost pfrase of flight
zurd evcry 100 milliseconds during the coast phase of
flight.
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CONTROI STNSORS
3.2.I

RAIT

GYNOS

Single degrte of freeclom rate gyros are

used .

on the Saturn Vt:hiclcs to sense thc angular rate of

of the tt'hiclcs about the roll. vaw. and

rurovr.rrrcnt

pitt h

a-xr-s.

This typc ,,f r.ttt' gyro is enrpl,rl'ecl in the
L,,ntr(,1-EDS Ratr,(]r'i'r.r Package irl the IU of the Saturtr
Ill V Vr,hicles. It ts used troth for attitude control and

for

EDS r peraliorts.

,
(Figure
3.2-1) uses a mit'l'osYn
The rate gyro
diflereniial transfornter pickof f which is r:tlupled to
the gimbal. Angular rate abclut the input axis of the

rate gyro wiil be translated to an ac voltage output
signal from the microsyn. The arnplitude of this
signal has a definite relationship to the angular rate.
This relationship. called the scale factor' is apprtlxinrately 0, 5656 Vp-p./degree ''second. The rate gyrt-r
has the capability of sensing angular rates to 20
dL.grees,'second in t ither counter-clockwise or clockrvise direction.
Each late gvro is cquipped with sel1 -test capacontained electromagnetic coii can be
renrotely excited to cause the rate gyro gimbal to be
dc'f lected. This clef lection provides an output f rom

bilit!es. A self

the microsvn without subjecting the gyro to a rate input. A built-irr gencrator, integral with the gyro rotor.

I
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Figure 3. 2- 1 Cutaway View of a Self -Test Rate Gyro
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provides ac pulses (the frequency is the indication of
.)

gyro rotor speed).

The rate gyros are fluid-damped devices
which maintain a nearly constant dampiag factor
over the range of temperatures in which the damling
fluid retains its fluid characteristics. When the gyros
are enrployed in low-tenrperature environments which
exceed the g-vro ratings, the package must be supplied
with heatcrs t() ensure proper operation.

This triple redundant configuration increases
the reliability for the Control-EDS Rate Gyro Package,
which is used throughout the mission.
Since the Control-EDS Rate Gyro package is
located on an IU cold plate, it will be maintained at
a temperature which will not require the use of
heaters within the package.

3.2.3 C0ilTR0t StGilAt

3.2.2 C0ltrRor-tDs RATI

PR0CtSS0R

GYRo Pl0(AGt

The Control-EDS Rate Gyro Package (Figure
3.2-2) contains nine rate gyros arranged in a tripler-edundant conliguration (Figure

3.2-3).

Each group

of three rate gl ros provides output signals for angular
rate about rlro pitch axis (b p), yaw axis ('6y), and
roll a"xis (ir p). Each group ol gyros is completely
indepentir-'nt oI the two other groups. Thus, there are
nine separate output signals - one lrom each gyrol
The conrpari.son and selection of the output signals
are accomplished in the Control Signal'Processor.
Each of the gyro groups receives 400 Hz,
single-phase power from a separate inverter. These
inverters are located in the Control Signal Processor.

The Control Signal Processor converts the ac
rate gyro signals into dc signals required as inputs to
the Flight Control Computer. It also compares and
selects output signals from corresponding redundant
rate gyros. A block diagram of tlle Control Signal
Processor is given in Figure 3.2-4.
The 400 Hz output signal from each rate gyro
is demodulated to generate a dc voltage which is proportional to the rate output of the gyro. A telemetry
output from each demodulator is provided.
Two of the three demodulated outputs (oI ,rue
channel) are compared within a comparison circuit,

Pitch ond Roll
Rote Gyros

Printed Circuit
Boord Assembly

:rosyn Excilotion
Chokes

Yow Rote Gyros
IBIVI 891]A

Figure 3.2-2 Control-EDS Rate Gyro Package with Covers Removed
3
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and when the dc output of the two compared demodulators dilIers by a preset amount, a relay selects
the output clf the spare demodulator as the input to the

Flight Control Computer. The relay remains in this
position until reset by an external conrmand signal.
Closure of the relay is indicated by a telemetry output. The dc outputs (0 - 45 volts) of each channel are
used as inputs to the Flight Control Computer.
Each rate switch receives the 400 Hz output
signal from one gyro and energizes a relay when the
amptitude of the signal exceeds the predetermined
magnitude. This relay generates an EDS signal which
is indicated by the telemetrY.

The angular velocities of the gyro rotors are
measured by wheel speed sensor circuits which provide outputs to telemetry for monitoring purposes.
The input signals to each speed sensor are frequencies
proportional to the angular velocity of the gyro rotors.

!t'lGroro t

Il the frequency of any one input deviates more than
i 50 Hz, the wheel speed sensor will generate a discrete signal for telemetry indicating gyro overspeed
or underspeed conditions.
The Control Signal Processor contains three
power supplies operating from three separate 28-volt
batteries. Each power supply provides 60 Vdc for one

roll, yaw, and pitch demodulator, and 28 Vdc for the
comparison circuit and one roll, yaw, and pitch rate
switch.

Three static invertere, also located in the
Control Signat Processor, operate from unregulated
battery power to generate closely regulated 26 Vac
(400 Hz) signals. Each inverter provides motor and
microsyn power to one roll, yaw, and pitch rate gyro,
and a reference excitation to one roll, yaw, and pitch
demodulator.

I
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Figrre 3.2-3 Control-EDS Rate Gyro Package Block Diagram
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3.2.{

CoilTRot ACCtttnolttItR

Two Controi Accelerometers are used during
stage burn on the Saturn IB Vehicles. Thev are
used to sense the Iateral acceleration of the vehicle
(perpendicular to its longitudinal axis) in the pitch
and yaw planes. The output of these instrunrents is
used in the control systern to reduce structural loading and to control vehicle deflection due to the lateral
winds.

first

The Contrbt Acceleronreter is a linear, springmass, fluid damped system with a:r inductive pickoff.
Its excitation is from a self-contained statlc inverter
which converts the 28-volt dc input voltage to a 400hcrtz ac voltage (see Figure 3.2-5). The ac output of
the acceleronreter sensor is proportional to the applied
acceleration in its sensitive axis. This output signal
is ampli-f ied and demodulated within the assembly to
produce a dc output voltage proportional to acceleration. This output is ied to the Flight Control Compute

r.

The spring-mass system is fluid dampened
with a silicone fluid. As the accelerotneter is subjected to acceleration, the mass moves with respect
to the case and causes a positive displacement of the
fluid with a resultant damping action. ln addition to
this effect, the damping fluid provides resistance to
shock and vibration. A change in fluid voiunre with
any temperature change is compensated lor by ul
internal bellows.

A special leature of these accelerometers is
their self-checking capability. By exciting a separate
electromagnetic coil (Iorce coil), it is possible to
deflect the seisnric nrass by a calibrated an.rount and
thus check the eiectrical output of the instrunrent without subjecting it to acceleration. This provides a
mears of remotely checking the acceleronreters a.fter
their installation on the vehicle to ensure proper operation before flight. Table 3.2-1 lists the accelerome'ter characteristics.
Table 3. 2-l Control Acceleromcter Characteristics

Damping ratio

to '10 m,/s2
811.5Hz
0.8 i0.2 of critical

Cross axis
sensitivitY

0.002 gig

Scale factor

l.

Pot i-r

15

\{tasuring range
Natural frequencY

The heart of the accelerometer is its springmass system. The seismic mass is supported and
restrained by a non-pendulous spring suspension
system. The springs constrain the mass to pure

translational motion with practicallv no friction and
provide extremely low cross-axis sensitivity at the
same time.

0

Vdc/nt/s2
watts maximum
(not including heaters)
O

45 Vdc
Power Supply

28 Vdc

To

Flieht

Acce I eromete r
Sensor Device

Control
Compuier

ESE

lnput

Figure
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3.2-5

/3.2-6

Astrionics System
Section 3.3

stcTl0N 3.3
FUGHI CoilIRot CotttPultR
3.3.1

The Flight Control Conrputer also gcnerates the
control signals for operation o[ the S-IVB atxiliary
prol>ulsion system which provides roll control during
S-IVB powered flight and conrpiete attitude control
during coast flight. A simplified cliagram oI the
FIight Control Cornputcr conliguration during"coast
flight is given in Figure 3. 3-2. The attitude error
signal (U) is provided by the LVDC LVDA or the
Apollo Space;craft. Signals frorl the spacecraft are
linritecl in the Flight Control Conrputer while the signals supplied by the LVDA havc bee'n limited in the
LVDCz/LVDA. Angular rate signals (O ) are obtained
fronr the Control-EDS Rate Gyros in the, IU. The
spatial anrplifiers generate the control signals (ONOFF) lor the auriliary prollulsion system attitude con-

GtiltRAr

The Flight Control Contputer is an analog device which generates the prolier t:ontrol cotnmands
for the engine at:tuators and thc S-IVB auxiliary propulsion systern. The conrputer accornl;lishes this by
processing and <rombining the analog signals fronr the

LVDA. controi sensors. ancl Apollo Spacecralt.
Thc Flight Control Computer is equipped with
eight input channels to accept eight dilferent control
signals iisted in Table 3.3-1. The cssential elen'rents
of the Flight Control Computer (for powered flight
operation) are shown in thc sinrplified block diagrani.
Figure 3. 3-1. Signal line f iltcrs provide the l>rolter
tinrr:-variable adjustnre'nt of thc a6 ancl a1 gain farltors in the Saturn IB V contrtrl latvs exprt'ssed in
equations 3. 1-1 und 3. 1-2. The Cr.rntlrll Atte'nu:ttion
Timer (CAT) is usr:d in thc Saturn II3 Flight Cotttrol

trol

III Flilrht C<;ntrol
are designcd accorcling to the sante gernt,ral
schenre. Thc r:onfigurations oI l-roth conrputcrs, hou,ev('r, aro sonrewhat clif[e,rcnt for tho powereci flight
phases since the Saturn V is a 3-stage vehiclc while
Saturn II3 is a 2-stngc vehiclr-. See paragraph 3. 3.2.
I-)otli types of corrrputcrs have thc sanrt conliguratir:n
for S-IVB powr,rt,cl flieht attitudc control and coast
tl iglrt attiturle cr,tttrrrl.
The Snturn V ancl the Saturn

Conrputcr trr prolidc tllt' required tirrre-varialtlt' ndjustrnent ol tlrc,92 {ain factor in tlte S:tturn IIJ control

Qonrput<-'rs

law.

Thc signals prrrct:sst:d art thcn sutrltltecl ancl
anrplilied by c'ithcr scrvo or sltatial anrplif icrs. 'f hcsc
signals arc tht: controi signals Ior the engitre st't'vo
actuators which control the thlust vector dcflcctiotr
angle.
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Table

3.3-1 Input

DURI}IG POU'TRID TI.IGHT

The Saturn IB Flight Control Computer differs
from the Saturn V Flight Control Computer in several
areas.

Signals to the Flight
Control Cornputer

Input Channel

Lateral Acceleration
Pitch

The Saturn IB Flight Control Computer contains
a channel for Control Accelerometer signals (for firststage powered flight). One type of servo amplifier is
used to control the engine actuators of the S-IB Stage.
Another tvpe of.servo amplifier (the same used in
sarurn V) controls the s-IVB engine actuators. The
engine actuator control loops for the S-IB Stage use
electrical feedback. The computer contains amplifiers,
filters, and the necessary switching devi.ces for two

vehicle stages.

Saturn IB
Control Accelerometers

Yaw

Angular Rate
Pitch

0p

Yaw

oY

Roll

aR

Control-EDS
Rate Gyros

Attitude Error
Pitch

LYDA/LVDC
or Spacecraft

Yaw

The Saturn V Flight Control Computer has no
channels for Control Accelerometer signals. The
same type of servo amplifier is used to control the
engine actuators in each stage (S-IC, S-tr, and S-M).

The computer contains ampllfiers, filters, and the
crresponding switching releys for three vehicle
-stages. The control loops for the englne actuators
use mechanical feedbck

r-

*

Time{arying functions t}rat determine which of
the three terms of the control equation will be
donrinant. The control equation is defined as:
,,.', gg + a1 6 { * g2ifor Saturn IB)

-t

FLIGHT CONIROL COMPUTER

I

I

Roll

t----;-

Spocecroft

Control ----l

I
I

,,

Spocecroft

To APS
System

LVDC/L'
I

rffiETl
not" oy.o,

I

I-

a

DC

Anplifien

I

I
IBM 8232

Figure

3.3-2

3.3-2 Simplilied Diagram of the Flight Control Computer for

Coast Flight
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IB FLIGHT COI{TROL COMPTITER

Figure 3. 3-3 is a block diagram of the Saturn
Flight
Control Computer. During first-stage
IB
powered flight, each input signal to the computer
passes through a dc amplifier and Iilter before it
enters the servo amplifiers.
Attenuation (gain control) is accornplished by
eittrer of two methods: by motor-driven, camcontrolled potentiometers called Control Attenuation
Timers (CAT's) or relay-switched, fixed-resistor
networks. The CAT's provide attenuation that varies
continuously as a function of time, while the relayswitched resistor networks change attenuation in discrete steps at predetermined time intervals. These
relays are commanded by signals from the LVDC,''
LVDA via the IU Switch Selector and are often referred to as "switchpoints". Each filter block shown
in the figure represents a relay-resistor (attenuator)
network and its associated filter network. A different
set of attenuators and filters is used during the S-IVB
powered flight phases since the dynamic characteristic
of the vehicle is changed after separation of the S-IB
Stage and aerodynamic forceA no longer exist. The
required filters for each stage are selected by relays
according to the flight program. No filters are used
Ior operation of the S-IVB auxiliary propulsion system
(during coast flight and for roll control during powered flight). The actual fitter networks are passive RLC
networks which provide gain and phase stabilization in
the control loop to prevent undesirable signal frequencies from affecting the attitude control.

In the CAT device, a rocker arm drives two
coupled potentiometers which are electrically connected to the appropriate channels. The outputs from
the potentiometers are time-varying functions of the
input signals; i. e., the 7 signal inputs to the attenuator appear at the attenuator output modified by gZ.
The cam is driven by a 115V, 400-cycle, singlephase, synchronous motor. The cam speed is determined by a gear train arrangement.

.

A typical Saturn IB time program for ag, a1,
and 92 is shown in Figure 3.3-4. The gain factor
(S2) tas a maximum value during the time period of
high aerodynamic pressure, thus emphasizing the
lateral acceleration control signals. These Control
Acceleronreter signals are-used during the S-IB flight
phase only. The gain coefficients (S2 ) fo, Control
Acceleronreter signals are varied by CAT circuits.

The other gain factors (ag and a, ) are changed by
relay switching of resistors.
The Flight Control Computer contains eight
servo amplifiers for the actuators of the S-IB Stage
and six servo amplifiers for the actuators of the
S-M Stage. The servo amplifiers are magnetic
amplifiers which sum and amplify the filtered and
scaled control signals to gengrate the control signals
for the engirF actuators. The output stage of the
amplifier can provide up to 12 milliamperes (S-le) or
50 milliamperes (S-IVB) of current to the torque
motor-operated control valve of each hydraulic servo
actuator. A portion of this output current is returned
through a feedback network to provide required accu-

racy in gain and linearity.
There is one servo amplifier for each engine
actuator in the S-IB Stage (i. e. , four pitch servo
amplifiers and four yaw servo amplifiers). The three
yaw output control signals (Ay by 7r) to the Flight
Control Computer are fed into each of the four yaw
amplifiers. Correspondingly, the three pitch input
charnels are connected to each of the four pitch amplifiers. The two roll input signals (Pp ana 6*) are
sent to all eight S-IB servo amplifiers since it is necessary to deflect the engines in pitch and yaw simultaneously for execution of a roll maneuver.
The six servo amplifiers for the S-IVB powered
flight are used in a triple redundant configuration to
control the two servo actuators of the single J-2 engine.
The output signals of two yaw servo amplifiers are
compared, and if they agree, one is used to control
the yaw actuator. If those two signals disagree, the
output of the third yaw servo amplifier is switched to
the actuator. The same scheme applies to the pitch
channel.

To achieve APS thruster synchronization of

roll control during S-IVB powered flight, the output
signal of the yaw-roll I spatial amplifier configuration Ieeds both control relay packages. Although not
shown in Figure 3.3-3, the yaw-roll II signals are
interrupted during this period and will not be used
until the coast flight control operation.
SATT.IRN

V FLIGHT CONTROL COMPI.ITER

Figure 3.3-5 is a block diagram oI the Saturn
V Flight Control Computer. The attitude error sig-
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Figure 3.3-4 rypicar saturn IB Gain program for a0, ar,
Ez coefficients
na-ts ( p

), originating either from the LVDA or the

spacecra^ft, are switched by a quad redundant relay
configuration to thr.ee scalirXg amplifiers in eaeh of
the three channels (yaw, pitch, arrd roll). A different
set of filters is switched in for each powered flight
phase (S-IC, S-[, S-M). As in the Saturn IB Flight
Control Computer, filters provide the proper adjust_
ment of the gain coefficients ag and ar.

Control Computer is controlled by the LVDc/L-VDA
through Switih Selector circuitry. See Section 4.2.
Since the S-IVB Stage has only two engine actuators,
it should be noted that six of the eight servo amplifiers
are used in a triple redundant arrangement. The con_
trol con_figuration for third-stage burn is otherwise
similar to that described for the S-IVB powered flight
phase of Saturn IB Flight Control Computer.

The attitude error signals and angular rate sig_
nals from the filters are summed in the magnetic servo
amplifiers and the resulting signal is used to generate

3.3.3 rUGHI CoilInol (ofilpuTtn

t}te actuator control signals. The Flight Control Com_
puter contains eight servo amplifiers of the same type.
Each amplifier provides a nraximunr output current of
50 nrillianrperes to torque the motor-operated control
valves oI the actuators (see Figure 3. 3-6). Each
servo amplifier controls one of the eight engine actuators in the S-IC Stage or S-tr Stage.

The roll signals ( gpanO il p) are distributed
to all eight servo amplifiers. The yaw signals (rf y
and 0y) are connected to all four yaw servo amplifiers
and ttre pitch signals (pp and'o p) are connected to all
four pitch servo anrplifiers. The switching of input
signals, filters, and servo amplifiers in the Flight

.

DUR!}IG

(OASI rIIGHT

OptRAIt0l{

The Flight Control Cotuputer configurations of
the Saturn IB and Saturn V are identical for coast
flight attitude control (Figures 3. 3-3 and 3. B_5).
No lilters are contained in the signal channels
(9 a-nd'O) of tne epS. Attitude error signats (p)
from the spacecraft are limited in the Flight Control
Computer between the dc arnplifiers and the spatial
amplifiers. The limiter circuits provide rclll, pitch,
and yaw signal limiting and are switched into the circuit only during the spacecra-ft control mode of operation.
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The signais fronr the dc aurplifiers are sent
drrcctlv to tht' spatial arnlllifiers. The spatial at)rplifiers surn the input signals (g ancl b ) ana compare the
rcsulting signal It'vcl with a predetert)rined threshold
lc'vel. When the combined control sitlnals cxceed the
linrits set by the threshold, a switching anlplifier
|ncrgizes the |clltys in thc control l'elav package.
u lrich in turrt opt'ratt's tht' valvt's ()f th(' pr()per attitude
cont rol (.r)grn( s.

Control Distributor. This signitl is applied to rr
ramp generator which produces an output to thr' vuu
and pitch servo amplif iers in order to cause e:rclr
S-IC engine actuator to retract the arnount necessrlrl
to ploduce the 2-degree <'ant.

'Ilrt' I"lrght Control Contputer contains trirlo
sllul[rl .ulll)lili('r's whi('h are uscd in a triple re dundal)t
( (rnligur'ati()n (lhIr'r' spatial :tnllll il'iers f r)r (':lch pitch.
vaw, :uld r()ll ('ontr()l). A conrllarator- cirCult st'lects

Tht- attitude ratc sign:rls (b) and tht' attitucle
crror sign:rls (*) t'ntt-r thc Fli,lht Control Conrputer
via st,parate duplt,x lincs. Tht, duplcx lines continuc

1 ol 2 anrplrfiels out uI the 3 triple-redundant arnlrliiers in each channel. Tht' sltatirrl arnplifiers f')r'

f

l)itch control switch cither the ( + ) pitch or the ( - )
pitch nozzlc ON. They requirc onlv the two inllut
signals (vp unri bp). Thc re I.rtailting 2 groups of
spatial anll)lifi('rs hrth control 1'ltw lttrgl roll nraneuvers.
Ea<'h of thcsc anrl)li[ir:rs re'ceiv('s roll and yaw input
'On,'oy) sinct'th('same nozT.les
signals (*g, 0y,
:rrc used for ynrv and roll cclntrol. 'I'he control relay
packag(, \r'hich ()l)erlltt's tht- r'alv(' ('oils is discusscd
in St'ction ll. 4.
The Saturn V Flight Control (lomputer includes a cir('uil designed to providr'llll out\1'ard
engine cant of approxinlilt('ly 2 degret's lor the frlur
gimballed S-IC St:rge r'ngitres. Sinct' the .stage is
designed with no met'h:tnit'al t'ant. lltl clet'trical

\_

Servo Anrplifier Block Diagram

substitute is pt'ovidctl. At approxinrately 20 sectlttds
after lilt-oft. the IIJ Switch Selet'trrr issttt's a ('()nlmand to the Flight (lontrol ()omprrter via the IU

3.3.4

RIDU}IDA}ICY

!N

IHt

TIIGHI CO}IIROI,
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until thev brirrrch into the thlee scaling allrplificrs
shown in Figure 3. 3-7. (Thc switchover betwecn
attitucle orror signals fronr the LVDA or tht, sl)acecraft is at:cortrplishcd by relays arrangt,d in a quad

ls

redundant configuration.

)

For thc S-IVB powered flight and coast flight
attitude control, the Flight Control Cornputer has a
triplt, redundant configulirtion rn r.at'h channcl. For'
ca('h of the slx input control signals (9p, *y, 9p,
bp, ,". trp). there are three redundant. conrpletell'
indept,ndent channels. Ea<:h channel contains individual aruplific'r's, filtels (if ustct). and rclal-s. These
triple redunclant signal chrtunels :It'e connected to a
triplt rcduncLrnt arlangenrcnt of servt.r arlll)li[i(,rs or
spatial irr)rplifiers. The oulltuts of tu'o of thc thrt'e
triplc re'dundartt st'n'o (ol spatial) anrplifit'rs are cor))parcd and. if thcr. agreo, one outltul is altltliecl to the
('ngirle actuatr)r (r'ontrol relav I)ackaq('). Il the conrpared signals do not agre(,. tl)(. output of tht'third
servo (or spatial) anrplif ier is ust'cl.
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Figure 3.3-7 Redundant Cabling in the Flight
Control ComPuter
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The angular direction of the thrust vector of
Saturn IB and V engines is controlled by swivelling
the gimbal-mounted propulsion engines. Tlris control
is obtaiaed by linear hydraulic servo-actuators in the
pitch and yaw planes.
The actual arrangement of the actuators {or
the multi-engine stages and the single-cngrne S-IVB
Stage of the Saturn Launch Vehicle is shown in Figure
3.4-1. Independent hydraulic systems for each ginrbaled engine are used to provide the following advantag es:

o

Flight system can be qualilied
singlerengine test.

r
r

One system can be verilied at a time.

r

Post flight performance comparisons
are easily accomplished and problem
areas are quickly isolated.

o

Redundantcapability.

bY

MaUunction and replacement can be
isolated to 1 system.

For the multi-engine vehicle stages, the
redundant capability is further int'reased by sizing
the swivel range so that, despite the failure of one
control engine, the remaining gimbaled engires can
maintain satisfactory control. The failure modes
may be:

r
r
o

[,oss oI thrust (engine out).
Loss of hydraulic pressure (hydraulic
system failure).
Any actuation malfunction caused by
servo valve failure, failure in signal

lines, or Fllght Control ComPuter
output stage.

\

During operation of the rocket engines in the
S-I1 Stages, the hydraulic power supply is
and
S-IC
provided by a hydraulic pump driven bv the engine
turbine and an accunrulator-reservoir to cover peak

CONTROTS
Ioad-s. .An auxiliary pump, driven by an electric
motor, provides hydraulic pressure ior static checkout of the hydraulic system.
For the first-stage engines, the hydraulic
pressure is obtained directiy from the fuel turbopump;
as the fuel rtself is used as the hydraulic fluid. The
available low olrerating pressure requires a large
servo va-Ive and actuator piston area; however, the
pressurization system is very simple and even the
accumulator-reservoir can be omitted as a result ol
the almost unlimited availability o{ pressurized fuel.
The transformation of the electrical signal
Irom the Flight Control Computer, which commands
the angular deflection ( F ) of the engine into a linear
displacement, is performed by servo actuator assemblies. The servo valves are four-way, Ilow-control
devices, with internal dynamic pressure feedback and
mechanical feedback of the actuator piston position.
Figure 3.4-2 is a symbolic representation of the
valve. The servo valve operates i.n the following

manner. The error signal from the Flight Control
Computer is applied to the torque motor coil which
displaces the flapper valve and restlicts the flow
of hydraulic fluid in one branch (e. g. , the left one
in Figure 3.4-2). The increasing pressure in that
branch drives the second stage power spool to the
right, which in turn allows hydraulic pressure build
up on the teft side of the actuator piston, causing a
Iinear displacement of the actuator to the right. The
mechanical feedback linkage displacement places a
counter torque on the {lapper valve. When this feedback torque equals the applied torque from the servo
valve torque motor, no further motion of the actuator
can occur. The potentiometer measures the actuator

position ior telemetry purposes.
In the S-IB Stage servo actuators only, an
electrical potentiometer is used as a feedback transducer. It applies a tt p tt leedback signal to the Flight
Control Computer servo amplifier. The mechanical
feedback provides higher reliability, which results
primarily from the elimination of the feedback potentiometer and its associated wiring, connections, and
power supply, and reduction in corresponding failure
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packages, and attitude control nozzles. The figure
is not detailed since the APS system operation has
been generally explained and illustrated in previous
sections. The purpose of this section is to explain
the design characteristics of the system and to examine component functions.

modes. Further, the mechanical feedback has an
important advantage in that the actuator goes to a
null position ( A = O) if the "p " commaltd signal from
the Flight Control Computer f ails i-n the zero level.
The characteristics of the hydraulic servo
actuator systems are given tn Tlrb)t' 3. 4-1.

SPATIAL AMPLINERS

3.{.2 luill,lAtY PnoPut$oll sYsltn

The Flight Control Computer contains 3 sets
of triple-redrndant spatial anrplifiers. One set of
ampli-fiers ls used during S-IVB pourered flight, and
all three sets are used for coast flight control. For

The APS system, shown in Figure 3' 4-3, consists primarily of spatial amplifiers, control relay

Engine

'
Hydroul i c

Amplifier'
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Figure 3.4-2 Flow-through Valve ancl Actuator with Mechanical Feedback
S-ryB powered flight, one set of spatial ampli-fiers
(yaw-roll I) is used to feed both control relay packages. This schenre aflows synchronized firing of the
attitude control nozzles (thrusters) for roll attitudc
maneuvers during S-M powered flight. The signals
for the other set of spatial ampliJiers used in powbred
flight (yaw-roll II) are interrupted. The switching
circuitry used to achieve this conliguration is referred
to as the "spatial synchronizer" and is located within
the Flight Control Computer. During coast flight' the
control relay packages operate independently so that
yaw corrections can be made.

'
The purpose of these amplifiers is to develop
ON-OfF cr.rntrol signals for the S-IVB thrustt'r noz--

zles. The output signal is proportional (in duration) to
the 1,aw, pitch, and rolL error signals generated by the
LVDC/'LVDA or spacecra-ft. A block diagram of the
spatial anrplifier is shown in Figure 3.4-4.
Attitude and rate signals are applied to the
magnetic amplilier where they are algebraically summed. The output signal of the magnetic amplifier is
then amplifled by 2 dilferential amplifier stages. Depending upon the amplitude and polarity d the signal,
one of the two Schmitt triggers will change state. The
triggered signal is then used to drive relays within the
Control Relay Package in the S-IVB Stage. The relays
transmit S-M Stage power to fuel and oxidizer solenoid valves of the commanded hypergolic enginee.
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Table 3.4-1 Servo Actuetor Cnaracteristics (Deslgn Goals)
Parameter
Engine
Moment Arm
metera
inches
Moments of Inertia

ke

*2

slug ftz

S.IC

s-II

F-1 Engine

J-2 Eneine

J-2 Eneine

0.301
11.9

11. 6

1.620
63. 8

S.IVB

0.295

S-IB
H-1 Eneine

0.699
27.5

42,000

1,990

L,970

750

56, 760

2, 690

2, 660

1r 015

Servo Actuator

Piston Area cm2

368
5?

b2

Stroke

cm
inches

29.2
11.5

83.9

78

13

11. ?8

7.1

7.4
2.9

3.02

32. 3
5

9.7
3.82

Supply Pressure

u/cm2

12.4x106 to

24.2x106

25. 2x106

20. ?x106

3,650

3,000

50

50

L2

+7

t7

*?.99

15. 2x106

p8r8

1, 900-2, 200 3r 500
I

Torque Motor Current
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Load Resonance

5

8.0

The dura.tion of the output control signal ls
determined by comparison of t}te input error signals
(U anO ,i)
feedback signal. The greater the
-a cutoff
input
signals, the longer time it will
of
the
amplitude
take the cutoff feedback signal to overcome t}te input

error signals. This action results in proportionately
longer duration outPut signals.
To this point, the discussion of the auxiliary
propulsion system has been concerned with the piteh
channel. The yaw and roII channels are similar in all ,
details orcept that their combined error signals are
mixed to ensure minimum fuel consumption' The yawroll mixing scheme is designed so that opposing engines
will not fire simultaneously. The scheme also preventa
one engine from adding to an error already existing in
another channel.

t

beadbands are introduced within the spatial
amplifier circuit (and APS system in general) to conserve fuel and avoid "oversteering". In effect, a

3.4-4

9.6
?.9

8.0
7.L

limiting tolerance is built into the system which will
allow an attitude adjustment to be made by the APS
system only if the adjustment is over a certain predetermined level. A typlcal roll deadband is shown in
Figure 3.4-5.
The operation of the auxiliary propulsion system
during coast phase is illustrated in Figure 3. t1-6. The
operation starts at point A, which represents a gtven
attitude error (rr) and attitude rate (i) oI the vehicle.
The end state is the limit cycle within the deadband
and about the commanded attitude angle.
CONTROL RELAY PACKAGE
Each control relay package consists of 12
miniature, double-pole, double-throw relays. T\vo
such packages are used to control the S-IVB attitude
control engine valve coils. These valve coils are an
integral part of the engine and control the fuel and
oxidizer poppet valves. The relays are driven in
groups of eight from the three S-IVB attitude control
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spatial amplifiers in the Flight Control Computer.
Figure 3.4-7 shows the arrangement of the relays.
,r_ r'alve coils, and fuel and oxidizer poppet valves associated with 1 amplifier in the pitch or yaw-roll axis.

d (degrees,/second)

As an example, if the attitude control signal
requires that nozzle Ig be turned ON. the spatial amplifier energizee relay coils Kl through K4. which
close the associated contacts (1.1'. etc. ). Valve coils
1,1', etc. , are energized and open fuel valves 1,2,3,
and 4 and oxidizer valves 1',2',3', and 4' in the quad
valve network. This turns on nozzle I1y.
The control relay package was designed to take
advantage of the redundant valve configuration by pro-

viding failure isolation f rom the predominant modes
o{ relay failure (open-circuited coils. failure-to-make

d-v"hi"l" A*iru&

contacts. and welded contacts). This relay redundancy
can be shown by considering relay 1 as an example.
When relay coil Kl is energized. it closes contacts
1 and 1', which energize valve coils 1 and 1' and
cause fuel valve I and oxidizer valve I' to open. An
open in coil Kl or a failure of contacts 1 and I' to

Rore

0 -Vehicle Attitude Error
rBtrt B9ll

Figure 3.4-5 Typical RoIl Deadband for S-IVB
Auxiliary Propulsion System

close results in no operation of fuel valve I and oxidizer valve 1'. However, this does not cause a failure
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of the attitude control system, since the redundant
valves provide an operative flow path through valves
2-4 and 2'-4'. If, on the other hand, either or both
sets of contacts of relay I should weld, or otherwise
become permanently closed, fuel valve 1 and oxidizer
valve I' would be open. However, control of fuel and
oxidizer would be maintained by valves 3 and 3',
respectively.

the control system from these predominate failures,
as well as from welded-contact failures.

Reliability predictions have shown that 85 percent of relay coil failures are due to an open coil, and
93 percent of contact failures are due to failure to
close. The design of the control relay package isolates

trol relay

^ The control relay package was introduced into
the design of the S-WB Stage attitude control system to
improve the interstage cabling design between the IU
Flight Control Computer and the S-M Stage valve
coils by reducing the current requirements Irom 12
amperes to 200 milliamperes. Therefore, the con-

package saves about 100 pounds of cabling
and reduces the Flight Control Computer spatial ampli.fier's power requirenrents by switching the power

to the valve coils in the S-IVB Stage.
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CHAPIER 4
ftlODE AND SEOUE}ICE CONIROT

stcTl0il

4.1

INIRODUCIIOil

The terms mode and sequence control will be
defined to explain their relationship with the Astrionics

Orbital operations

Vehicle attitude stabilization
commanded by the IU.

System. The LVDC memory contains a predetermined
number of sets of instructions which, when initiated,
induce the entire Astrionics System, or portions of
the system, to operate in a particular mode. An example of a mode operation is the solving of guidance
equations with interlaced attitude control and sequenc-

Spacecra.ft command of the

vehicle attitude.
Guidance, control, and sequencing oI the
third stage (second burn) into lunar

ing commands during the first stage flight. Each
mbde consists of a predetermined sequence of events.
The computer also generates the appropriate control
signals (e. g. , engine cutoff and ignition, stage separation). Such a predetermined sequence of events is
initiated by commanding the computer to operate in a

trajectory

lore launch), the IU commzurd system, or the Apollo
Spacecraft. 'A Ur'ritt-ln safeguard feature gives the
systern the capability of refusiag conflicting commands or commands that rvould be detrimental to
vehi.cle safety.

Examples oI modes ol operation that occur
during flight in the Astrionics System are:

o

First-stage guidance, control, and
sequencing.

e

Using the spacecraft navigation,
guidance, and control sYstem.

r

o

Control of stage sequertce functions from
ground stations through the IU command
system (emergency mode).

o

Insertion of data into the LVDC through
the IU command sYstem.

The mode and sequence control scheme is very
flexible since changes of modes and ilight sequences
are made by changing the instructions and programs in
the LVDC memory, rather than by hardware modi-fications. The equipment involved in mode and sequence
control of the launch vehicle is indicated in Figure
4,2-1. The LVDC issues flight sequence comrnands
through the LVDA to the Switch Selector of the particular stage where the command must be executed. The
Switch Selector of the addressed stage activates the
appropriate circuit to perform the commanded function
(e.g., engine cutoff, power ON or OFF'). The Switch
Selector operation is discussed in Section 4.2.

Second-stage guidance, control, and
sequencing.

\-

-

Using the IU navigation, guidance,
and control system.

particular mode.
Mode selection and initiation is accomplished
thr'ough one of 3 actions: the successlul completion of
a previous mode, computer switching to a new rnode
based on real time, ol att event occurrence. In addition to these internal mode selections which the system rnakes, mode switching is also accomplished by
commands from the groutrd checkout equipment (be-

-

Third-stage guidance, control, and
sequencing.

Mode commands from the spacecraJt to the
LVDA change the operational mode of the IU guidance
and control system. When the Astronaut wants to control the attitude of the vehicle during coast flight, in

4.1-l
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1

and aJter translunar injection, he initiates the
l)r'r)pel' urode cornmand to the LVDA. The mode comnrand is processed by the LVDA and LVDC, and the
necrrssary sequence signals are generated to allow

orbit,

attitude control signals from the spacecralt to feed
into the ru Flight Control Computer. Control is reiirrned to ttre fU attitude control system when the
Astrtirraut isgues another mode command. In a
siurilar rrtarner, the back-up guidance mode ma;l be
selected, In this mode, the navigation and guidance
systern oI the spacecralt guides the vehicle during
powered flight.

During coaet

flight, the IU command

system

may be used to command mode changes from the
ground.

Ilcfore launch, the ground checkout equipment
exercises all operational modes of the Astrionics
System. This includes simulated launch and orbit
prograrus. The launch computer commands a particular mode of system operation by sending a coded
command to the LVDA which "reads" it into the

4,

r-2

LVDC. The mode command is decoded, and the set
oI instructions or program, which is defined by the
decoded mode command, is selected from the LVDC
memory. The LVDC then begins to execute (within
itseU or eleewhere in the system) the instructtons in
that m6de program.

.; Some events of the flight sequence are controlled by "di.screte" signals generated by the LVDC
according to a time program. Other events of the
flight sequence are initiated when a particular event
has occured. For example, a signal is sent to the
IU indicating S-IC engine cutoff - the LVDC then
sends a signal to shutdown the S-II recirculation
systenr.

A new time base lor the time-controlled prr"rgram is initiated during operation as a result of certain flight events (e. g. , at lift-o{f, by the actuation
of the first stage propellant level sensors, and S-tVB
engine cutoff). A discrete signal is given to the LVDC
as a relerence for each time base.

p
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sEcTloil 4.2
SWIICH STLECIOR
r.2.r sYsItt

DtscRlPIloil

Each Switch Selector

Each stage. and the lnstrulnent Unit, of the
Saturn l,aunch Vehicle are equipped with a Switch
Selector. The Swltch Selector consists of electronic
and electrornechanical corrtponents which deeode
digita) flight sequence colnrnands from the LVDA/
LVDC and activate ttre proper stage circuits to
execute tJte comnrands.
Each Switch Selector can activate, one at a
ti.nre, 112 different circuits in its stage. The selection of a particular stage'Switch Selector is accomplished through the comurand code. Coding of flight
sequence commands and decoding r-f the stage Switch

Selectors reduces t}re number of interlace lines'between stages and increases the flexibility of the
system wit} respect to timing and sdquence' In the
Saturn V Launch Vehicle, which contains 4 Switch
Selectors, 448 diflerent functions can be controlled
using only 28 lines lrom the LVDA. (Two IU + 28volt and two signal return lines from the Control
Distributor are also used' ) Flight sequence commands may be issued at tinle intervals of 100 milliseconds.

Figure 4.2-1 illustrates the Saturn V Switch
Selector configuration. As shown, all Switch
Selector control lines are connected through the
Control Distrlbutor in the IU to the LVDA and the
electrical support equiPmeut.
To maintain power isolation between vehicle
stages, the Switch Selector is divided into two
sections: the input section (relay circuits) of each
Switch Selector receive's its power f rom the IU; the
ou@ut section (decoding circuitry and drivers) of
each Switch Selector receives its power fronr the
stage in which the Switch Selector is located. The
input and output are coupled together through a diode
rnatrix. This rnatrix decodes the 8-bit input code
and activates a PNP output driver, thus producing a
Switctt Selector output.

is connected to the LVDA

through 22 lines:

-

2

Verification lines -

8

Stage select

lines

Read comnrand lines - 2
Reset (forced) lines - 2
Bit register output lines

*8

In addition, tiere are 2 lines for IU + 28 Vdc and 2
lines for signal return between the Control Distributor and the Switch Selectors.
The wire pairs for stage select, read command, forced reset, IU + 28 Vdc, and signal return
are redundant. Only one of each pair is required
for normal operation..
A1I connections between the LVDA and the

Switci Selectors, with the exception of the stage
select inputs, are connected in parall.el as shown in
Figure 4.2-2.
The output signals of the LVDA switch selec-

tor register, with the exception of the 8-bit command, are sampled at the Control Distributor in the
IU and sent to IU PCM telemetry. Each Switch
Selector also provides 3 outputs to the telemetry
systenr within its stage.
The Switch Selector is designed to execute
flight sequence commands given by the 8-bit code or
by its complement. This feature increases reliabitity and permits operation of the system despite
certain failures in the LVDA switch selector register, line drivers, interface cabling, or Switch

.Selector

relays.

The fiight sequence commands are stored in
the LVDC memory and are issued according to the
flight program. When a Programmed Input/Output
(PIO) instruction is given, the LVDC loads the 15-bit
switch selector register with the computer data.
The LVDA switch selector register word format is
shown

in Figure 4.2-3.
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Switch Selector register bits 1 through 8
represent the flight 6€quen('e conrmand. Bits I
through 13 select the Switch Selector to be activated.
Bit 14 resets all the relays in the Switch Selectors
in t-he event data transfer is incorrect as indicated
liy faultv vt rUlcatron infornration received by the
LVDA Brt 15 activatos the addressed Switch Select(,1' l,)r' execuHon ol tie conrmand. The LVDC loads
the switch selector register in two passes:

bits

l5-Bit

2

through 13 are loaded during the first pass and,
depending on the feedback code, either bit 14 or bit
15 is loaded during the second pass.

After the Switch Selector input relays have
8-bit command, the complement of the received code is sent back to the LVDA/
LVDC over eight parallel lines. The feedback
(verification inJormation) is returned to the digitaf

been "picked" by the

1

Seriol

Se

rio

I

Flight
Stoge Select

Commond

I throuqh
8

1

Reset I Reod

I

I throuqh

8

B

Lines

Porollel

IU
Switc

h

Seleclor

S-IVB
Switch
Se

I

ecior

s-tc
Switc
Se I e

h

ctor

Notes:

L 22lines between eoch Switch Selector ond
LVDA.

(

. 2.

26 lines between oll Switch Selectors ond
LVDA (Soturn lB) (3 Switch Seleciors).

3.

28 lines between oll Switch Selectors ond
LVDA (Soturn V) (4 Switch Selectors).

4. 30 lines (moximum number)ovoiloble to Switch
Selectors from LVDA (5 Switch Seleciors).

(

4 lines (lU +28 Vdc ond signol return) to oll
Switch Selectors from Control Distributor
(Soturn lB ond V).

IBM B1I4A

Figure 4,2-2 LVDC - Switch Selector Interconnection Dagram
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Il

the verification is not correct, the
LVDC initiates a reset command to
prepare the Switch Selector to receive
the complement of the original command.

t 2 315

6 7

AJter the forced reset is completed, the
LVDC loads the stage select command,
and the complement of the previously
sent command, into the LVDA switch

8

Commond

Bitr

Stoge

Select l;

)ne blt per sloge:
others ore rpot")l

!
$

selector register.

o

IBM B112

Figure

4.2-3

Switch Selector Register Word Format

input rnultiplexer of the LVDA and is subsequently
compa.red with the original code in the LVDC. If the
feedback agrees wtth the orlginel code, a read command is

'

given. If the feedback does not agree with

the original code, a reset command is given (forced
reset), and the LVDC/LVDA relssues the 8-bit command ln complement form.

A typical operation cycle, to initiate a given
function in a particuLar stage, is accomplished as
f

ollows:

o

.

I verify

lines are sampled to ensure
that all stage select relays have been
reset, thereby ensuring an unwanted
stage is not selected. Zero voltage on
all lines indicates that this condition
exists. The presenee of IU + 28 Vdc on
the verify lines indicates that the verify
Iines are enabled because a stage Switch
Selector is not reset. Having detected
this situation, tie LVDC commands a
"force reset" and then rechecks the
t
yerif y lines.

The

The LVDC inserts the 8-bit flight command into the LVDA switch selector
register. At the same tinre, a stage
select command is setrt to the appropriate Switch Selector, Application ol the
stage select comtnand completes the
signal return pat}t for the input relays
and allows the 8-bit command to be
stored in the Switch Selector input relays.

t
r

The verification lines are sampled to determine iJ the command transfer was

correct.

o lf

the verification is correct, the LVDC
read comnrand to the Switch
""nd" ^ activating it, and causing the
Selector;
proper output to occur.

t

4.2-4

Neglecting the verification information
that occurs after the complement command is inserted, the LVDC initiates a
eommand which produces an output
"""d the selected switch selector
frclm
channel. The read command also energizes the automatic reset circuitry which
returns the Switch Selector to tlte reset
condition to prepare it for a new cycle.

1.2.2 CottPolltilI DISCR|PIl0l{
A description of Switch Selector operation is
given in the following paragraphs (refer to the si,mplified schematic diagram and timing diagram shown

in Figures 4.2-4 and 4.2-5, respectively) The
circuit functions oI the Switch Selector are as follows:
Stage select

Input relays

Verification
Reset (forced)
Read command

Reset (automatic)
Decoding matrix
Output matrix and telemetry

Test outputs
The Switch Selector operates on positive
, +28 Vdc for a binary "1" and 0 Vdc for

Iogic (i. e.

a binary "0").
STAGE SELECT
The purpose of the stage select command is
to enable the desired Switch Selector to receive the
coded flight sequence command from the LVDA. The
stage select command (1 bit) is transmitted individually on a separate line to each Switch Selector. Because of the danger of overloading ttre LVDA, no
rnore than 2 Switch Selectors can be addressed
simultaneously.

Astrionics System
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{\!

The stage select command sets three magnetic latch relays in the addressed Switch Selector.
The setting of these relays completes a ground path
for the read command relay, the set side of the input relays, and the veri-fy power relay (see Figure
4.2-4). This action conditions the read and input
relays to receive commands from the LVDA and
energizes the verify power relay. When the verily

power relay contacts close, IU + 28 Vdc power is
applied through a set of stage select contacts to the
verify relay contacts; and stage + 28 Vdc is applied
to the verify relays. The Switch Selector can now
accept the 8-bit command from the LYDA, store it
in the input relays, and make verification information available to the LVDA
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INPI]1'ITEI.AYS
The inllut register o{ the Switch Sel.ector is
rnade ui) of eight ruagnctic lateh relays, controlled
by the 8-bit coded conrmand lronr the L\,'DA. The
coded comn'rand (consisting of 8 bits in parallel) is
available to the Switch Selector during the same

peritd of tinre the stage select signal is present.
As soon as the stage select relays are set, a signal
refurn path is provided for the coded colrlrnand
thrc'ugh the input relay coils (See Figure 4.2-4). This
allorvs the coded command to be stored in the input
regi ste r.
Once the coded cornnrand is stored in the
input register, binary irr-fornration is available to
the verrJication register, column decrider, row decoder, and the AND gate generator.

VERIFiCATION
A feedback circuit is used to provide veri-ficatiun inJormation back to the LVDC. This circuit
consists of 8 relays, and is contrr-rlled by the input
lelav contacts. When a "1" is applied to the input
relay set coil, stage ground is switched to the verifv relay set coil causing the norrnally closed verify
lelay contact to open; indicating a "0" to the LVDC.
When a rrOr'! is applied to the input relay set coil, t}te
input relay contacts renrain in the reset corldition.
Stage ground rernains applied to one side of the
verify relay reset coil, causing the veri-fy relay contact to remain in its nornrally closed position.
Therefore, the verification output ol a Switch Selector is Ure ccrnrpleruent of the input comurand.
READ COMMAND

Immediately after verrlrcatton of the original
comrnand, the read cornrrrand

is initiated. If veriJi-

cation of the origirtal ct,itrttrrand proved tr be falser^
the read comnrand will not b(, lnrtiated b1' the LVDC
until the forced reset, stage select, and complenrented conrmand have been transmitted to the Switclt
Selector.

Three conventional (non-Iatching) relavs are
prcked when the read r:omnrand is rt'ceived f rr.lrn lhe
LVDA. One side of the r:oils of tliese relays is conneeted to the read conrnrand signal, the other side is
connected ttr the IU signal return through the stage
select relay contacts. Thus, a stage select signal
must have been received before a read comtnand
relay can be energized, When tlte read relay contacts cIo$e, stage ground is applied to thc' switch

2

power inverters (SPWRA and SPWRC) ln the decoder
matrix. These inverters generate voltages (SPWRA
and SPWRC) which activate the AND gate generators
and the column decoder circuitry allowing the coded
command to be decoded and an output to occur.
RESET (FORCED)
A forced reset is initiated by the LVDC when
the LVDC determines that the veri-tication inlorrnation is not the conrplement of the given contnrand.
The reset signal is applied to the forced reset relay
coil causing the forced reset contacts to close.
This action applies st&ge ' 28 Vdc to the stage
select and input relay reset coils forcing the Switch
Seiector into tie reset condition shown in Figure

4.2-4. After the forced reset has been completed,
the stage select command and the complement of the

original flight sequence command are transmitted to
the Switch Selector. The complenrent cornmand is
not veri-fied by the LVDC before the read comn:and

is issued.
RESET (AUTOMATIC)

Ar autonratic reset ltulse is generated whcn
stage power is initiaily applied to the Switch Selcr'tor and when the read command is issued. The
automatic reset circuitry consists of a power inverter, an RC network, and a set of read command
contacts.
Activation of the read command relay contacts is not required to produce the "Power ON"
reset pulse. Prior to the application ol stage
power to the Switch Sel.ector, the reacl command contacts are in the reset condition (as shown in Figure
4.2-O) and capacitor C is in a discharged state. When
power is applied to the Switch Selector,. stage 2B Vdc
is applied to ttte emitter oI the power inverter and
capacitor C begins to charge through base resistor
(R3) and thermistor (RT1). Under these conditions
the power inverter turns on, producing an output of
approxinrately 28 Vdc at the collector. This output
is applied across the input relay reset coils and the
stage select reset coils forcing the Switch Selector
into a reset condition.

'

The duration of t}te reset pulse is determined
by the charge time of capacitor C through base

resistor R3 and thermistor RT1. When C charges
sulficiently, the power inverter is turned off and the
reset pulse is removed from the reset coils.

4
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Srt'tirrn 4.2

ia
Stoge Select

AND gate cir<'uitry
a Row decoder

Reset Colls

Reset Coils
Keoc, Lmd
Contocts

I
RTl

I

I
I

R3

I

I
I

I
I
I

I
I
I

I

.28 Vdc

Figure

Reset Circuitry
Simplified Diagrartr

4.2-6 Automatic

The automatic reset pulse initiate'd by the
read conlnrand is develtllled exactly the sanle as the

"Power ON" reset pulse. When the read contmand
is issued, the nornrally opetl read conrn)and relay
contact closes, and the nortnally clrtsed rt)ad comrnancl relay c()ntact opetts. This allrlrvs cal;acitor C
to disr:harge through resistor Rl. Tht' lttlwet' iuverter renlains turlted oll (duc to lack ol base drive)
until the read cr)lllntand is rentovt'd. Whcn the read
conrruand is reuroved, the read cottrntand relay contacts retur-n to the rt:set cttrtctition. At this titrte.
cAlllicitor C begins to charge llrtvidirrg bastt drive
Ior tlrt' l)()w(.f l' inverter'. The power inl'ttrtcr turns
on. llrodut'ing art t.rutput of approxittrately 28 Vdc at
tht' collt,ctor. The' output is apltliecl across the input relay and stage select relay rcset coils forcing
the Su'itch Selet'tor into the reset cotldition as shown
irt Fisure 4.2 -4.
As previrnrsly statccl. thc cluration trf the rt's,'t pulst' is dcternrirtt'd hv tlrc t harge tintt' ,rf
< apacitol C thrortilir basl t'csistor R3 and therlllistor
RT1. When C is su[{icit'ntlv t:lrarged. tllt' porver
rntertt,r' is lut trt'd ofl artd the t't'sttt ltulsc is rettrttvt'd
Ilrrtr the rers,'t t'trils.
DEC\)DING MATTTIX

'fltt' tlt'r'oditrg rnatt'i.x is cornprised of PNP
irrvclttrrs. Nl)N ittt't'rtt'rs, and AND cirt'uits
ar.t angt'cl so that sclectiott ol a lrarticula.r outllut
clrannt.,l r:art lre nrade by eitht'r'the true or cot'tlllletttetrt ittlrtt I t'udt'.

I

This rnatrix t:att be divided into three
s{'( tr()ns as f ollorvs (sec Figure 4,2-4\:

4.2-8

dectder

a Colunrn

lnput Reloy

The object of these circuits is to generatt'
a lrarticular colunrtr attd rtru' signal f t>r eat'h in1-tut
codc und lu 5end tht'so signals to the otttput ttratri:x
upon receipt of tlie lead coltlntand signal.
The 8-bit t'oded <'ottttrrand is transferred to
the decrxtinrr uratrix by operation of the input relay
crintacts. When a binary "1" is applied to an input

relay set coil, the norlt)alIv rtpen inltut relay colttact closes and the noltllallv closed inltr"rt relav
contact opens.

This <:auses stage ground to be switt:hcd f rrlnt
the verify relay reset coii to the verify relay set
coil. Tlre bit NOT input to the decoditrg matrlx is
r.row tied to stage ground, while the bit input Iine to
the decoding nratrix is at stage i- 28 Vdc. When a
binary "0" is applied to an input relay set coil.
the input relay r:otrtacts renrain irt the reset condition. With the input relay contacts in the' reset
condition, the bit NOT input to the decoditrg nratrix
is at stage + 28 Vdc and the bit input to lhe decoding

matrixisa0Vdc.
for

The 8-bit conrtnancl is sub-ciividecl into groups
driver selection. The least

dect-rding and output

threer signilicant

bits (1. 2,

ancl 3)

are decoded to

c.naLrle t-hc colurnn selcction circuitry. The next
threc bits (4. 5. and 6) ale dccoded to enable the
row selection circuitry. Bits ? and 8 and SPWRA
(controlled bv read conrmand rt'Iays) are appliccl ttt
the AND gate gt.'r'rerator whert' they are dccoded to
su1tpl5, the altpropriate AND ir-ales to tlie column and
row dccodr,r's. Bit 8 is applied to the AND gatc
S(,nelatol' whcre it is decoded to cleterntine whether
tht' r'oded conrntand is a truc or comltlemetrt word.
The listing lrt low illustrates the Boolean exprtrssions
Ior decodinu bits 7 and 8.

1
AG lN

tu

Il8

.

-

BBN

' Read Comnrand

,

AGl .87
AG1 .B?N

AG

Aa6

u,

= AG1N 'BTN
= AGIN 'B?

AG4
AG5
whe-.re: B8

Read Contnrand

=

Bit B = Bit 8 is a binarl'"1"

B8N* Uit 8

NOT Bit 8 is a birurY "0"

Astrionics System
Section 4.2
When decoding a tvpical word (01010101)
rvhere bits 8 through 1 are arranged frclnr Ieft to
right, the colunrn is determined lly bits 8, 3. 2 and

1, or 0101, or rnore c<.rnrpletell- by AGiN.83'82N.
ttte row is deterrnined by bits 8. 7,
6, 5, and 4, or 01010, or nrore conrpletely AGs'B6N'
B5'84N. However, if the input register transfer
circuitry shows a failure, the complement of the
original word must select the same output channel
in the output matrix. Therefore, the location

81. Sinrilarly,

delined by 01010101 must also be defined by
10101010. This complement code is decoded in the
same manner as the original code. The column is
deterrrrined by bits 8, 3, 2, and 1. or 1010, or more
completely by AGl'B3N'B2'81N. The row is
determined by 8, 7, 6, 5, and 4, or 10101, or ntore
completely by AG3'B6'B5N'84. Therefore, the
total expression to define this particular output
channel is:
Channel

XY = AGlN'AG5'B6N'85'
+

B4N.83.B2N.B1
AG1'AG3.86.BsN.
84.B3N.82.BlN

ON by application of the read command. When activated, the output channel driver produces a + 28 Vdc
output to the control circuitry of the selected function.

In addition to producing an output voltage,
each output channel driver also produces a separate
telemetry outgut. The 112 telemetry outputs are
tied together to produce one switch selector telemetry output signal. This signal is transmitted via
PCM and DDAS telemetry. The telemetry signal
indicates whether none, one, or more than one output channel is ON at any given time. If one output
channel is activated, t}te telenretry signal will have
a magnitude of 2. 0 Vdc t 20 percent; i-f no output
channel is active, the telemetry signai will have a
magrutude o{ 0. 2 Vdc or less; and if more than one
output channel is activated, the telemetry signal
wiil have a nragnitude of 3.0 Vdc or more. When
the Switch Selector is operating properly, only one
output channel will be active at any given time,
TEST OUTPUTS

In addition to the telemetry output described,
each Switch Selector has two telemetry outputs

OUtPUt MATRD( AND TELEMETRY
The 112 output channels of the Switch Selector are arranged in a ? by 16 nratrix configuration
(? columns and 16

rows). The coordinate selection

is similar to t}te X-Y coincidence tnethod colntuon
to core menlory technology. An output channel
driver (PNP inverter) rvith the location X-Y in the
nratrix is activated when the row decoder circuitry
(X) and the column decodel circuitry (Y) ale turned

which are used to verify fiat the input selection
relays can be set and reset properly. These
signals (register test and zero indicate) are special
outputs of the output matrix. The register test output is generated by an output driver when the input
address selection is all ones and the read command
has been issued. The zero indicate output is
generated when the input adclress selection is all
zeros (read comnrand is not required) The zerr,
indicate and registcr test signals ar(, tlansnrrt(,(l

via PCM and DDAS telemetr-v.

d
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SECIION 4.3
SATUR}I

Y OPERATIOil

The Saturn V Operation sequence starts during
the prelaunch phase at approximately 22 hours when
the electrical power from the ground support equipment is applied to all stages of the launch vehicle.
Figure 4.3-l provides an overall view of the prelaunch
sequence. During this time, the sequencing is eontrolled from the launch control center-Iauncher-

umbilical tower complex, utilizing bth manual and
automatic controL to checkout the functions of the
entire Astrionics Systgm. After the umbilical is
disconnected, the sequencing is primarily controlled
by the flight program within the LVDC.

!
I

Since flight sequencing is time related, the
sequencing operation is divided into seven time
periods. These time periods are referred to as time
Uases and progress frorn the first time base (TO)
through time base No. 8 (Tg). Each time base is

Changed 15 November 1969
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related to a particular flight event. These time bases
and

their initiating events are as folJows:

T0
T1
T2
T3
T4
T5
T6
T7
Tg

I

Cuidance Relerence Release

Lift-o{f
Inboard engine cutof{ (S-IC)
Outboard engine cutoff (S-IC)
Engine cutoff (S-tr)
Engine cutoff (S-IVB)
Begin restart preparations (S-IVB)
Engine cutoff (S-IVB)
DCS Command TD and E

The llight program (described in Chapter 11)
uses these time bases in issuing sequential commands

to the appropriate stages. The essential sequenced
events, as they occur within each time base, are
listed in Table 4.3-1.

4.3-1

I
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Table

4.3-1 Typical Saturn V Flight

Sequence, Time Base 0 through 8

Nominal

Flight Time

Stage

Command

Hr: Min: Sec

I

Tlme from
Base (Secords)

Tr - 17.0

Guidance Reference Release (T6)

f

00: 00: 00. 0

LiJtoff - Start of Time

00:00:05. 0

Sensor Bias 0n

ru

T1 + 5.0

00:00:14.0

Multiple Engine Cutoff Enable

s-Ic

T1 + 1,t.0

00:00:19.8

S-IC Outboard Engines Cant On 'A'

ru

T1 + 19.8

00: 00: 20. 0

S-IC Outboard Engines Cant On 'B'

ru

Tr

00:00:20.

S-IC Outboard Engines Cant On 'C'

ru

T1 + 20.2

00:00:24. 0

TM Calibrate On

s-rc

Tr

00: 00:2?. 0

TM Calibrator In-flight Calibrate On

IU

T1 + 27.0

00:00:29. 0

TM Calibrate Off

s-tc

Tr

00:00: 30. 0

Launch Vehicle Engines EDS Cutoff Enable

ru

T1 + 30.0

00:00:32 . 0

TM Calibrator In-flight Caiibrate Off

IU

Tr

00:00:49.

FueI Pressurizing Valve No. 2 Open + Tape Recorder Record

s-rc

T1 + 49.5

00:01:14.0

Start Data Recorders

s-u

Tr + 7{.0

00:01:

Cooling System Electronic Assembly Power Off

IU

Tr + 75.0

00: 01: 30 . 0

TM Calibrator In-ftight Calibrate On

ru

00:01:35. 0

TM Calibrator In-flight Calibrate Off

IU

Tr + 90.0
Tt + 95.0

00:01:35.3

Fuel Pressurizing Valve No. 3 Open

s-rc

T1 + 95.3

00: 01:45. 0

Flight Control Computer Switch Point No.

ru

00:01: 55.

TM Calibrate On

Tr + 105.0
Tr + 115.1
Tr + 120.0
Tr + 120.1

1

2

5

5. 0

1

Base No.

(Tr)

T1 + 0.0

1

s-rc
ru

+ 80.0

+ 24.0

+ 29.0

+ 32.0

00: 02: 00. 0

Flight Control Computer Switch Point No.

00: 02:00.

TM Calibrate Off

s-Ic

00: 02:03. 5

Fuel Pressurizing Valve No. 4 Open

s-rc

00:02:03.

8

Tape Recorder Record On

ru

00:02:04.

1

LOI( Tank Strobe Lights Off

s-Ic

Tr + 123.5
Tr + 123.8
Tr + 124.1

00:02:04.

3

S-IC TVo Engines Out Autg-Abort Inhibit Enable

ru

T1 + 124.3

00:02:04.

5

S-IC Two Engines Out Auto-Abort Inhibit

ru

T1 + L24.5

Excess Rate (P,

IU

T1 + L24.7

ru

T1 + 124.9

s-Ic

T,

1

Y. R)Auto-Abort Inhibit Enable
Excess Rate (P, Y, R) Auto-Abort Inhibit and Switch

O0:02'.04.7

00:02:04.

2

9

Rate

Gyros SC Indication A
00:

02:05.

\

Two Adjacent Outboard Engines Out Cutoff Enable

1

+ 125.1

I

4.3-2
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Table

4.3-1 Typical Saturn V FIight Sequence, Time Base 0 through

Nominal
FIight Time

Command

Stage

Hr: Min:Sec

Cutoff'- Start of Time

No. 2 (Tz)

I

8 (Cont)

Time from
Base (Seconds)

S-IC

T2 + 0.0

Inboard Engine Cutoff Backup

S-IC

00:02:05 6

Start First PAM-FM/FM Calibration

s-II

00:02:05

Auto-Abort Enable Relays Reset

ru

00:02:06 0

Excess Rate (RolI) Auto-Alrort Inhibit Enable

IU

T, + 0.2
T, + 0.4
T, + 0.6
T, + 0.8

00:02:06

Excess Rate (RoIl) Auto-Abort Inhibit and Switch Rate Gyros

IU

T2 + 1.0

T,

00:02:05

2

Inboard Engine

00:02:05

4

8

2

SC

Base

Indication'B'

First PAM-FMTFM Calibration

00:02:21.1

S-II Ordnance Arm

s-II
s-II

00:02:21 . 3

Separation and Retro No. 1 EBW Firing Units Arm

S.IC

T2 + 16.1

00:02:21

Separation and Retro No. 2 EBW

Firing Units Arm

S-IC

T2 + 16.3

00: 02:

1

0. 6

.5

Stop

+ 5.4

T2 + 15.9

00:02:24.3

TM Measurement Switchover

S-IC

T2 + 19,1

00t02:24.5

Separation Camera On

S.IC

T2 + 19.3

00:02:24. 6

Q-BaIl Power Off

IU

T2 + 19.4

00:.02':24.1

Outboard Engines Cutoff Enable

s-rc

T2 + 19.5

00:02:24. 9

Outboard Engines Cutoff Backup Enable

S-IC

T2 + 19.7

00: 02: 30. ?

Outboard Engines Cutoff

00:02: 30. 8

LH2 Tank High Pressure Vent Mode

s-u

T3 + 0.1

00:02:30.

S-II LH2 Recirculation Pumps Off

T3 + 0.2

S-II Ullage Trigger

s-II
s-II

T3 + 0.5

00:02:31 . 4

S-IC/S-[ Separation (No. 1)

S-IC

T3 + 0.?

00:02:31

S-IC,/S-II Separation (No. 2)

S-IC

T3 + 0.8

00:02:31 . 6

S-II Engines Cutoff Reset

s-II

T3 + 0,9

00:02:31.

Engines Ready Bypass

S-II

T3 + 1.0

Prevalves Lockout Reset

s-n

T3 + 1.1

Switch Engine Control to S-II and S-IC Outboard Engine Cant

IU

T3 + 1.2

00:02:31

9
.2

.5

?

00:02:31 . 8

00:02:31.9

-

Start of Time Base No. 3 (Tl

T3 + 0.0

)

off 'A'
00:02:32 . 0

S-IC Outboard Engines Cant Off 'B'

iU

T3 + 1,3

00:02:32.

S-II Engine Start

s-II

T3 + 1.4

S-II Engine Out Indication A Enable; S-II Aft Interstage
Separation Indication A Enable

IU

T3 + 1.5

1

A0:02:32.2

r
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Table

T

4.3-1 Typical Saturn V Flight

Sequence, Time Base 0 through 8 (Cont)

Nominal

Flight Time

Command

Stage

Hr:Min:Sec

Time from
Base (Seconds)

00..02..32.4

S-lI lingine Out Indication 'B' Enable: S-II Aft Interstage
Separation Indication 'B' Enable

iU

T3 + 1.7

00:02:32. 6

Engines Ready Bypass Reset

s-u

T3 + 1.9

00'.02 32.7

Measurement Transfer Mode Position 'B'

S.IVB

T3 + 2.0

00:02:33.

S-II Hydraulic Accumulators Unlock

S.II

T3 + 3.0

00:02:36. 9

PU System Open Loop Arm

s-II

T3 + 6.2

00: 02:37.

Chilldown Valves Close

s-II

T3 + 6.4

0& 02:3?. 4

S-II Start Phase Limiter Cutoff Arm

s-[

T3 + 6.?

00:02:37. 6

Hieh (S.5) Engine Mixture ftatio On

S-TI

T3 + 6.9

00:02:38.4

S-II Start Phase Limiter Cutoff Arm Reset

T3 + ?.7

00:02:38. 5

Prevalves Close Arm

s-II
s-II

T3 + 7.

00:.02:.42.4

Tape Recorder Record Off

IU

T3 + 11.7

00:02:42.6

Stop Data Recorders

s-II

T3 + 11.9

00:03:01 . 4

S-II Aft Interstage Separation

s-II

T3 + 30.7

00:03:01

Water Coolant Valve Open

IU

T3 + 31.0

IU

T3 + 61.4

Start Second PAM-FM/FM Calibration

S-II

T3 + 125.0

Stop Second PAM-FM/FM Calibration

s-II

T3 + 130.0

IU

T3 + 191.4

?

1

.7

00: 03:32.

Flight Control Computer Switch Point No.

1

00:04:35.7
00:

04:40.

?
i

00:05:42.

1

Flight Control Computer Switch Point No.

3

4

B

00:05: 53. 4

TM Calibrator In-flight Calibrate On

ru

"f

00: 05: 58. 4

TM Calibrator In-flight Calibr:rte Off

IU

'13 + 207 .1

00:06:03. 4

Measurement Control Switch No. 2 Activate

s-il

Start Third PAM-FM.'FM Calibration

s-II

Tt
Tr

S-II

T3 + 230.0

00: 06:

1

5. 7

Third pAM-r.M/l'M Calibration

t

+ 202.7

+ 212.7
+ 225.0

00: 06: 20. 7

Stop

00:07:21.6

TM Calibrator In-flight Calibrate On

IU

T3 + 290.9

00:0?:26.

TM CaLibrator In-flight Calibrate Off

IU

T3 + 295.9

00: 07:30. ?

S-II LH2 Step Pressurization

s-II

T3 + 300.0

00:08:01

.9

Charge Ullage Ignition On

S-IVB

T3 + 331.2

1

S-IIIS-IVB Ordnance Arm

s-II

T3 + 331.4

00:08:03. 0

Tape Recorder Record On

IU

T3 + 332.3

00:08:03 .2

Start Data Recorders

S.II

T3 + 332.5

00:08:05.8

S-II LOX Depletion Sensors Cutoff Arnr

s-n

T;

00:08:02.

4.3-6
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Table 4. 3-1 Typical Saturn V Flight Sequence, Time Base 0 through

I

I

(Cont)

.l

Nominal

Flight Time

Command

Stage

Hr: Min: Sec

Time from
Base (Seconds)

s-n

T3 + 335.3

s-tr

Ta + 0.0

Start Recorder Timers

s-II

T1 + 0.1

00: 08: 40. 0

Prevalves Close Off

S-IVB

Ta + 0.2

00:08:40.

S-M

S-IVB

Ta + 0.3

LOX Tank Flight Pressure System On

S-IVB

Ta + 0.4

Engine Ready Bypass

S-IVB

Ta + 0.5

00:08:40.4

LOX Chilldown Ptrmp Off

S-IVB

Ta + 0.6

00: 08: 40. 5

Fire Ullage Ignition On

S"IVB

Tl

00:08:40. 6

S-II/S-IvB Separation

s-II

Ta + 0.8

00:08:40.

S-M

S-IVB

Tl

00:08:06.0

S-II LH2 Depletion Sensors Cutoff Arm

00:08:39.8

Cutoff S-tr J*2 Erlgines

00:08:39. 9

1

00:08:40.2
00:

08:40.

3

8

-

Start of Time Base No.

Engine Cutoff Off

Engine Start On

(to

)

+ 0.?

+ 1.0

00:08:41 . 0

Ftight Control Computer S-M Burn Mode On A

ru

Ta + L.2

00:08:41.

Flight Control Computer S-IVB Burn Mode On B

IU

Ta + 1.3

00:08:42. 0

Fuel Chilldown Pump Off

S..IVB

Ta + 2,2

00:08:42.

3

Enable

ru

Ta + 2.5

00:08:42.

5

S-M
S-M

Englne Out Indication'Br Enable

ru

Ta + 2.7

Fuel Injection Temperature OK Bypass

S-IVB

Ta + 4.0

S-M

S.IVB

Tl

S-IVB

Ta + 5.8

1

00:08:43. 8
00:

08:44. 0

Engine Out Indication

'A'

Engine Start Off

+ 4.2

00:08 {5.6

First Burn

00:08:49.

Charge Ullage Jettison On

S-IVB

Tl

00:08: 52. 0

Fire Ullage Jettison On

S-IYB

Ta + 12.8

00:08:53.6

Ullage Charging Reset

S.IVB

Tr + 13.8

00:08:53.

Ullage Firing Reset

S-IVB

Ta + 14.0

00:08: 54. 0

Fuel Injection Temperature OK Bypass Reset

S-IVB

Td + 14.2

00:08: 54. 2

Tape Recorder Record Off

IU

Ta + 14.4

00:08: 56. 6

TM Calibrator In-flight Calibrate On

ru

Ta + 16.8

00:09:01

TM Calibrator In-flight Calibrate Off

IU

00:09:03. 8

Heat-Exchanger Bypass Valve Control Enable

S-IVB

Tr
Tr

00:09:05.

In-flight Calibration Mode On

S-IVB

Tc + 25.1

TM Calibrate On

S-IVB

Tq + 26.2

6

8

.6

5

00:09:06.0

Changed
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Table

4.3-1 Typical Saturn V Flight

Sequence, Time Base 0 through 8 (Cont)

Nominat

Flight Timt

Command

Stage

Hr. Min: Sec

Time from
Base (Seconds)

00:09:11.0

TM Calibrate Off

S-IVB

T1 + 31.2

00:00: 11. 5

In-flight Calibration Mode Off

S-IVB

Ta + 31.?

00: 11: 10.2

Engine Pump Purge Control Valve Enable On

S-IVB

c.o.

00: 11:21.

Velocity Cutoff'of

S-IVB

T5 + 0.0

S-IVB

T5 + 0.1

1

S-M

Engine

-

Start of Time Base No. 5 (T.)

-7.0

00: 1 1:2 1. 2

S-M

00:11:21.3

Point LeveI Sensor Disarming

S-IVB

T5 + 0.2

00:11:21.4

S-lVB Ullage Engine No. I On

S-IVB

T5 + 0.3

00:11:21.5

S-M
S-M

Ullage Engine No. 2 On

S-IVB

T5 + 0.4

Ullage Thrust Present Indication On

IU

T5 + 0.6

S-IVB

T5 + 0.8

00:11:21.

?

Engine Cutoff

00:11:21.9

First Burn

0O'.17 22.3

LOX Tank Flight Pressure System Off

S-IVB

Ts + 1.2

00: I 1: 22. 5

LOX Tank Pressurization Shutoff Valves Close

S-IVB

T5 + 1.4

00:.Ll:22.7

Engine Pump Purge Control Valve Enable On

S-IVB

T5 + 1.6

00: 1 1:24. 6

Flight Control Computer S-IVB Burn Mode Off 'A'

IU

Ts + 3.5

00:11:24.8

Flight Control Computer

IU

T;

00:11:25.2

Aux Hyclraulic Pump Flight Mode Off

S-IVB

T5 + 4.1

00: I 1:2 5. 3

TM Calibrator In-flight Calibrate On

IU

T5 + 4.2

00: 1 1:26.

SC Control ol Saturn Enable

ru

T5 + 5.0

In-flight Calibration Itlode On

S-IVB

T5 + 6.5

TM Calibrate On

S-IVB

Tr * 7.0

00: I 1:30. 3

TM Calibrator In-flight Calibrate Ofl

IU

T,,

00:11:31.1

S-IVR Engine Out Indication

IU

T5 + 10.0

00:11:31.3

S-lVB Engine Out Indication

III

T5 + 10.2

00:11:31.5

S-

IU

Ts - 10'4

00:11:32.4

Tape Recorder Playback Reverse On

IU

Tr

00:11:33.1

TM Calibrate Off

S-IVB

Ts + 12.0

00:11:33.6

In-f light Calibrati<-rn Mode Off

S-IVB

00:11:43.1

Single Sidebancl FM Transmitter Off

S-IVB

T; + 12.5
T, + 22.0

00:12:20.

LH2 Tank Continuous Vent Orifice Shutoff Valve Open On

S-IVB

T5 + 59.0

00t1220.2

LH2 Tank Continuous Vent Relief Override Shutoff Valve Open On

S-IVB

T.

+ 59.1

00:12:22.1

LH2 Tank Continuous VentRelief Orifice Shutoff Valve Open Off

S-IVB

\

+ 61.0

1

00: 1 1.2?. 6

00 l1:28.

4.3-8

i

1

l

Relay OIf

S-M

'A'
'B'

Burn Mode Off 'B'

Enable Reset
Enable

Reset '

)

RF Assembly Power Off

+ 3.7

"

9.2

+ 11.3

Changed 15 November 1969

Astrionics Systenr
Section 4.3

Table

4.3-1 Typical Saturr\ V Flight

Sequence, Time Base 0 through 8 (Cont)

Nominal

Flight Time
Hr:Min:

Stage

Command

Sec

Time from
Base (Seconds)

00:12:22.2

LH2 Tank Continuous Vent Reliel Override Shutoff Valve Open Off

S-IVB

T5 + 61.1

00 L2'.42.2

Tape Recorder Playback Reverse Off

IU

T5

*

82.1

00:12:48.

1

S-IVB Ullage Engine No. 1 Off

S-IVB

Ti '

8?'0

oa-.tz..48.2

S-IVB Ullage Engine No. 2 Off

S-IVB

Tu + 8?.1

00:12:48.

3

S-IVB Ullage Thrust Present Indication Off

iU

Tr + 8?.2

00:19:41.

1

PU

S-IVB

\

+ 500.0

23.

?

Engine Pump Purge Control Valve Enable Off

S-IVB

Tr

+ 602.6

00:54:41.1

Aux Hydraulic Pump Flight Mode On

S-IVB

00:55:29.

Aux HydrauUc Pump Flight Mode Off

S-IVB

\ + 2600.0
Ti + 2648.0

01:34:41.1

PU Inverter and DC Power On

S.IVB

T.

01:41:21.1

Aux Hydraulic Pump Flight Mode On

S-IVB

T5 + 5400.0

01:42:09.1

Aui Hydraulic

Pump Flight Mode Off

S-IVB

T.

03:06:21.1

Aux Hydraulic Pump Flight Mode On

S-IVB

03:14:21.1

Aux Hydraulic Pump Flight Mode Off

S-IVB

a . 10500.0
Tl + 10980.0

02:.41'.02.7

Begin Restart Preparations

00:

2 1:

1

I

02:41:02.

Inverter and DC Power Off

S-M

-

Start of Time Base No. 6

(To

Restart Alert On

+ 5000.0

+ 5448.0

T6 + 0.0

)

IU

T6

r

0.1

02: 41: 03 . 0

SC Control of Saturn Disable

IU

Tc * 0.3

02:41:03

In-flight Calibration Mode

S-IVB

T5 + 1.0

.?

On

02:41:03.9

TM Calibrator In-ftight Calibrate On

IU

T6 + 1.2

02:41:04.

TM Calibrate On

S-IVB

T5 + 1.4

02:41:08. 9

'IM Calibrator In-flight Calibrate Off

IU

T5 + 6.2

02:41:09.

TM Calibrate Off

S.IVB

T5 + 6.4

S-IVB

T6 + ?.0

S-IVB

T6 + 10.0

1

1

02: 41: 09 . 7

In-flight Calibration

02 4l:

S-Ml

12 . 7

Mode Off

Enginc Cutoff Off

A2'.41 13.2

Single Sideband FM Transmitter On

S-IVB

T5 * 10.5

02:41:39. 0

LH2 Tank Vent and Latching Retief Valve Boost Close On

S-IVB

T6 + 36.3

02 41:39.2

LOX Tank Vent and NPV Valves Boost Close On

S-IVB

T6 + 36.5

02:41: 40 . 0

S-IVB Restart Alert Off

IU

T6 + 3?.3

02: 41:41 . 0

LH2 Tank Vent and Latching Relief Valve Boost Close Off

S.IVB

T5 + 38.3

02'.4t:4L.2

LOX Tank Vent and NPV Valves Roost Close Off

S-IVB

T6 + 38.5

Changed

l5 November

1969

4.3-9

Astrionics System
Section 4.3

I

Table

4.3-1 Typical Saturn V Flight

Sequence, Time Base 0 through 8 (Cont)

Nominal

Flight Trme

Command

Stage

Hr:Min:Sec

Time from
Base (Seconds)

02:4t'.44.0

Burner LH2 Propellant Valve Open On

S-IVB

Tr

02..41..44.3

Burner Exciters 0n

S-IVB

T,; +

A2:4L:44.1

Burner LOX Shutdown Valve Open On

S-IVB

To + 42.0

02 41;44 .9

LH2 Tank Continuous Vent Valve Close On

S-IVB

Tn + 42.2

02:41:45.5

Burner LH2 Propellant Valve Open Oif

S-IVB

T,, + 42.

8

O2:41 46.2

Burner LOX Shutdown Valve Open Off

S-IVB

T,, + 43.

5

02:41:46.

9

LH2 Tank Continuous Vent Valve Close Off

S.IVB

T,t + 44.2

4l

1

Burner Exciters Off

S-IVB

T6 + 45.4

02:41:50.7

Burner Automatic Cut<lff System Arm

S-IVB

02: 41: 50 . 8

LH2 Tank Repressurization Control Valve Open On

S-IVB

Tr
T,

02:41:51 . 0

LOX Tank Repressurization Control Valve Open On

S-IVB

T,, + 48.3

02:.44l.41.7

Aux Hydraulic Pump Flight Mode On

S-IVB

T,

+ 219.0

02:45:11.?

LOX Chilldown Pump On

S-IVB

T*

+ 249.0

02:45:16.

FueI Chilldown Pump On

S-IVB

T.. + 254.0

02'.4521.7

Prevalves Close On

S-IVB

T,

02:47:42.7

In-flight Calibration Mode

S-IVB

T., + 400.0

02:47:42.9

TM Calibrator In-flight Calibrate On

IU

T,, + 400.2

02'.47 43.7

TM Calibrate On

S-IVB

T,; + 400.4

02 47'.47 .9

TM Caiibrator In-flight Calibrate Off

IU

T6 + 405.2

O2: 47: 48 . L

TM Calibrate Off

S-IVB

T

02:47 48.7

In-flight Calibration Mode Off

S-IVB

T6 + 406.0

02:48:32.7

Second Burn Relay On

S-IV-

T6 + 450.0

02:48:32.

PU Valve Hardover Position

S-IVB

T6 + 450.1

IU

T,

S-IVB Ullage Engine No. I On

S-IVB

Tn + 496.3

S-M

S-IVB

T6 + 496.4

02

48 .

?

8

S-M

02:49: 16. 3
02: 49: I

9. 0

02:49: I 9.

1

I

On

On

r

Restart Alert On

Ullage Engine No. 2 On

+ 41.3
41

.6

+ 48.0
+ 48.1

+ 259.0

+ 405.4

+ 493.6

02 49 19.2

S-lVB Uilage Thrust Present Indication On

IU

To + 496.

02:49: 19. 3

LOX Tank Repressurization Control Valve Open Off

S-IVB

T,, + 496.6

I

5

02: 49: I 9. 4

LH2 Tank Repressurization Control Valve Open Off

S-IVB

T,, + 496. 7

02:49: I 9.

Burner LH2 Propellant Valve Close On

S.IVB

T,, + 496.8

02:49 19.7

Burner Automatic Cutoff System Disarm

S-IVB

To + 49?.0

02:49: 19. 9

LH2 Tank Continuous Vent Valve Close On

S-IVB

"f ,t

4. 3- 10

5

+

497

.2
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Astrionics System
Section 4.3

Table

4.3-1 Typical Saturn V Flight

Nominal
Stage

Command

Flight Time
Hr:Min:Sec

l

I

I

Sequence, Time Base 0 through 8 (Cont)

Time from
Base (Seconds)

0L49t20.3

Repressurization System Mode Select On (AMB)

S-IVB

T5 + 497.6

O2'.49:21.9

LH2 Tank Continuous Vent Valve Close Off

S-IVB

T5 + 499.2

02. 49'22.5

Burner LH2 Propellant Valve Close Off

S-IVB

T5 + 499.8

02 49:22.1

LOX Tank Repressurization Control Valve Open On

S-IVB

T6 + 500.0

02'.49:24.0

Burner LOX Shutdown Valve Close On

S-IVB

T6 + 501.3

02 49:21.0

Burner LOX Shutdown Valve Close Off

S-IVB

Ts + 504, 3

02:49:42.7

LH2 Tank Repressurization Control Valve Open On

S-IVB

T5 + 520.0

02:50:22.1

Prevalves Close Off

S-IVB

T5 + 559.4

02:50'.22.7

S-M

IU

T6 + 560.0

02: 50:31 . 3

Engine Ready Bypass

S-IVB

T5 + 568.6

02: 50:32.

1

Fuel Chilldown Pump Off

S-IVB

T5 + 569.4

02: 50:32. 3

LOX Chilldown PumP Off

S-IVB

T5 + 569.6

02 50:32.7

S-M

S-IVB

T6 + 5?0.0

02: 50:35. 7

S-IVB Ultage Engine No. 1 Off

S-IVB

T6 + 573.0

02:50:35.8

S-IVB Ultage Engine No. 2 Off

S-IVB

T6 + 573.

02: 50:35. 9

IU

T6 + 513.2

02: 50:39. 9

S-M
S-M

IU

T6 + 577.2

02:50:40.0

LOX Tank Repressurization Control Valve Open Off

S-IVB

T6 + 5?7.3

02: 50:40.

S-IVB Engine Out Indication 'B' Enable

ru

Te + 577.4

02: 50:40. 2

LH2 Tank Repressurization Control Valve Open Oif

S-IVB

T5 + 57?.5

02:50:40.3

Ftight Control Computer S-IVB Burn Mode On 'A'

ru

T5 + 577.6

02:50:40.

Flight Control Computer

ru

Ts + 577.8

1

5

Restart Alert Off

Engine Start On

Ullage Thrust Present Indication Off
Engine Out Indication

'A'

S-M

Enable

Burn Mode On'B'

1

02: 50:40. ?

Fuel Injection Temperature OK nypas6

S-IVB

Te + 5?8.0

02:50:40.9

LOX Tank Flight Pressure SYstem On

S.IVB

T5 + 578.2

02: 50:41 . 1

LOX Tank Pressurization Shutoff Valves Open

S-IVB

T6 + 578.4

02: 50:41. 3

S-IVB Engine Start Off

S-IVB

T6 + 5?8.6

02 5O:45.7

PU Valve Hardover Position Off

S-IVB

T5 + 583,0

02: 50: 50. ?

Fuel Injection Temperature OK Bypass Reset

S-IVB

T6 + 588.0

02: 55: 00. 7

Flight Control Computer Switch Point No.

ru

T5 + 838.0

02 55:L2.7

Second Burn Relay OIf

S-IVB

T5 + 850.0

02: 55: 54. 8

Point Level Senstlr Arming

S.IVB

T6 + 892.

Changed 15 November 1969
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Table 4. 3-l Typical Saturn V Flight Sequence, Time Base 0 through 8 (Cont)

Nominal
Plight Time
Hr:Min:Sec

I

o2:ss:sa.

Command

I

g

S-fVB Engine Cutoff - Start of Time Base No. 7 (Tr)

I or,ur,rn. n I S-M Engine Cutoff
I oz'ss,ss. g I LHZ Tank Continuous Vent Orifice Shutoff Valve Open On
I or,rr'rr.,
Tank Continuous Vent Relief Override Shutoff Valve Open On
I

I

I

or,rr'r*

| "r,
I IOX Tank NPV Valve Open On

I
I oz'ss,ss. o I LHZ Tank Latching Relief Valve Open On
I or'uu,ru., I eor.,, Level Sensor Disarming
I or,ur,uu., I LOX Tank Pressurization Shutoff Valves Close
I

I

Stage

Time fronr
Base (Seconds)

S-IVB

T; + 0.0

S-IYB

Tr

S-IVB

S-IYB

Ti + 0.5
T; + 0.6
Ti + 0.?
Tr * 0.8
T; + 0.9

S-IVB

T7 + 1.0

S.IVB

T;

+ 1.1

S-IVB

'lt

+ 1.2

S-IVB

S-IVB

T; * 2.5
Ti + 2.6
T; + 2.7

S-IVB

T1 + 2.8

IU

T1 + 3.6

S-IVB
S-IYB

Ti + 3.7
Ti * 3.8

IU

Tr + 3.9

S-IVB

IU

Ti + 4. 1
T; + 4,1
T; * 4.8
T; + 5.0
T; ,10.0

IU

T,; + 10.2

S-IYB

T1 + 25.0

S-IVB

Tr + 149.?

S-IVB

T1 + 150.7

S-IVB
S-IVB

T; + 153. 7
T; " 155. ?

S-IVB

S-IVB
S-IYB

+ 0.1

I or,ur'ru. n I LOX Tank Flight Pressure System Off
I or,rr,ru. o I Second Burn Relay Off
I or,ur,rr., I Lr, Tank Continuous Vent Orif ice Shutoff Valve Open Off
oz'ss sz.r
tn, Tank Continuous Vent Relief Override Shutoff Valve Open Off
I
I
02ss5? s I f,OX Tank NPV Valvt, Latch Open On
I
12:55:5? 6 I LH, Tank Latching Relief Valve Latch On
'
I oz,ss,ra. + I ,,r*n, Control Computer S-M Burn Mode Cff 'A'
I oz'ss,sg. s I LOX Tank NPV Valve Open Off
I or,ru,rr. u I LH, Tank Latching Relie{ Valve Open Off
I 02:55:58.7
Flight Control Computer S-M Burn Mode Off 'B'
I or,ur'rr. n
Aux Hydraulic Pump Flight Mode Off
I or'ru,rn.,
LOX Tank NPV Valve Latch Open Off
I or,ur'rr. u
LH, Tank Latching Relief Valvo Latch Off
I or,ur'rr.,
SC Control of Saturn Unable
I or,uu,on.,
S-M Engine Out Indication 'A' Enable Reset
I o,
o
S-M Engine Out Indication 'B' Enable Reset
'uu,ou.
I 02:56:19.8
Single Sideband Fill Transmitter Off
I or,ur,rn.,
LOX Tank NPV Valve Open On
I or,ur,rr.,
LOX Tank NPV Valve Open Off
I or'rr,rr.,
LOX Tank Vent and NPV Valves Boost Close On
I or,rr,ro.,
LOX Tank Vent and NPV Valves Boost Close Off
I or,,o,rr.,
LH, Tank Latching Relief Valve Cpen On
I nr,ro'rn. u
LH2 Tank Continuous Vent Valve Close On

S-ryB

Tr

S-IVB

-r-03:10:54.8

S-IVB

Tr * 899.8
Ti . 900.0

I

I

I

I

I

I

I

I

S-IVB

I

S-IVB
S-IVB
IU

I

4.3-L2

LH, Tank Latchlng Relief Valve Open Off

+ 899.0

Changed 15 Noventber 1969

Astrionics System
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Table

4.3-1 Typical Saturn V Flight

Nominal
Flight Time
Hr:Min:Sec

I

Sequence, Time Base 0 through 8 (Cont)

Command

Time from

Stage

Base (Seconds)

03:10:56.6

LH, Tartk Continuous Vent Valve Close Off

S-IVB

Ti

03:10:57.8

LH, Tank Vent

and Latching Relief Valve Boost Close On

S-TVB

T7 + 903.0

03:10:59.8

LH2 Tank Vent and Latching Relief Valve Boost Close Off

S-IVB

Ti + 905.0

03:15:54.8

CCS Coax Switch Low Gain Antenna

IU

T7 + 1200.0

03:15:55.0

PCM Coax Switch Low Gain Antenna

IU

T7 + 1200.2

03:15:55.2

IU Command System Enable

IU

T1 + 1200.4

03 :49 :1 4. 8

Aux Hydraulic Pump Flight Mode On

S-IVB

T7 + 3200.0

03:50:02.8

Aux Hydraulic Pump Flight Mode Off

S-IVB

T1 + 3248.0

03:55:55.2

LH2 Tank Latching Relief Valve Open On

S-IYB

T7 + 3600.4

03:55:5?.2

LH2 Tank Latching Relief Valve Latch On

S-IVB

T7 + 3602.4

03:55:58.2

LH2 Tank Latching Relief Valve Open Off

S-IVB

T1 + 3603.4

03:55:59.2

LH, Tank Latching Relief Valve Latch Off

S-IVB

Tz + 3604.4

04:10:53.8

LH2 Tank Latching Relief Valve Open On

S-IVB

T1 + 4499.0

04:10:54.8

LH2 Tank Latching Relief Valve Open Off

S-IVB

T7 + 4500.0

04:10:5?.8

LH2 Tank Vent and Latching Relief Valve Boost Close On

S-IYB

T7 + 4503.0

04:10:59.8

LH2 Tank Vent and Latching Relief Valve Boost Close Off

S-IVB

T7 + 4505.0

04:51:0?.

4

DCS Command TD and E Enable

Base 8 (Ts)

S-IVB

Ts + 0.0

04:51:0?.

6

S-IVB Engine EDS Cutoff No. 2 Disable

S-iVB

T6 + 0.2

04:51:0?.8

LH, Tank Continuous Vent Orifice Shutoff Valve Open On

S-IYB

T6 + 0.4

04:51:08.0

LH, Tank Continuous Vent Relief Override Shutoff Valve

S-IVB

T6 + 0.6

04:51 :08 . 2

Engine Pump Purge Control Valve Enable On

S-IYB

T6 + 0.8

04:51:08. 4

LH2 Tank Repressurization Control Valve Open On

S-IVB

T6 + 1.0

04:51:09.8

LH2 Tank Continuous Vent Crifice Shutoff Valve Open Off

S-IVB

Ts + 2.4

04:51:10.0

LH2 Tank Continuous Vent Relief Override Shutoff Valve Open Off

S-IYB

Ts + 2.6

05:02:3?.4

A\rx Hydraulic Pump Flight Mode On

S-IVB

T6 + 690.0

05:02:57.4

Passivation Enable

S-IVB

T6 + ?10.0

05:03:07.4

Engine Mainstage Control Valve Open On

S-IVB

Ts + 720.0

05:03:0?.6

Engine HE. Control Valve Open On

S-IVB

Ts + 120.2

05:04:36. 4

Engine Mainstage Control Valve Open Off

S-IYB

T6 + 809.0

05:04r36.6

Engine HE. Control Valve Open Off

S-IVB

T6 + 809.2

05:08:10.6

LOX Tank NPV Valve Open On

S-I\TB

T6 + 1023.2

Ctranged 15 Novernbt'r 1969

- Start Time

Open On

+ 901.

8
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Astrionics System
System 4.3
Table 4. 3-1 Typical Saturn V Flight Sequence, Time Base 0 through 8 (Cont)

I
Nominal
Flight Time

Command

Stage

Hr.Mrn:Sec
05 08 I 2.6

LOX Tank NPV Valve Latch Open On

S-IVB

T6 + 1025.2

05 Ori 13.6

LOX Tank NPV Valve Open Off

S-IVB

T6 + 1026.2

05.08:14.6

LOX Tank NPV Valve Latch Open Off

S-IVB

Ts + 1427.2

05:08:16.8

Engine HE. Control Valve Open On

S-IVB

T6 + 1029.4

LH2 Tank Repressurization Control Valve Open Off

S-IYB

Ts + 1800.5

05:23:50.5

LH2 Tank Latching Relief Valve Open On

S-IYB

Tr

05:23:51

Aux Hydraulic Pump Flight Mode Off

S-IVB

Ts + 2032,2

05:23:52.5

LH2 Tank Latching Relief Valve Latch On

S-IVB

T6 + 2033. 0

05:23:53.5

LH2 Tank Latching Relief Valve Open Off

S-IVB

Ta + 2034.0

05:23:54.5

LH2 Tank Latching Reliel Valve Latch Off

S-IYB

T6 + 2035.0

05:23:55. 0

Engine HE. Control Valve Open Off

S-IVB

Ts + 2330.0

05:23:55.2

Passivation Disable

S-IVB

Ts + 2330.2

05:37:41 .4

S-IVB Ullage Engine No. 1 On

S-IVB

Te

05:3?:47.6

S-M

Ullage Engine No. 2 On

S-IVB

T6 + 2800.2

S-ryB Ullage Engine No. 1 Off

S-IVB

Ts + 3080.0

05 42:27.6

S-M

S-tVB

T6 + 3080.2

05:50:40.

Engine Pump Purge Control Valve Enable Off

S-IVB

T5 + 3600.4

05:20:51-

05:42:27

I

Time from
Base (Seconds)

4.3-14

I

.?

.4

2

Ullage Engine No. 2 Off

+ 2031.0

*

2800.0

Changed 15 November 1969

CHAPTER 5
IIIEASU

RI}IG AND

TETETIIETRY

SECTIOil 5.I
rilTR0DUCTr01{
The combined measuring and telemetry system

is essentially an independent operating subsystenr
within the overall Astrionics System.
The conrbined nreasuring and telenietry systems of the Saturn Launch Vehicles lneasure physical
quantities and signals onboard the vehicle and transmlt the data to ground stations. The complexity of the
launch vehicle and its missions dictate a large number
of measurements. The data transmitted by the measuring and telemetry systems supply information for
the following operations:

o
r

Automatic preflight checkout of the vehicle.

Monitoring of vehicle performance during
powered flight.

r

Postflight evaluation of vehicle performance.

o

Monitoring and checkout of the vehicle during orbital flight.

o

Verification of commands received in the
vehicle from ground stations.

Figure 5. 1-1 illustrates the signal flow through
the system. The transducers convert the physical
quantities to be measured (e. g. , pressure, tempera-

ture, etc. ) into electrical signals. These signals

are modified, when necessary, by signal conditioning
devices into voltages suitable as inputs to the telernl
try system. Some quantities are already in electrrcal
fornr and need no transducers or conditioning. The
measuring distributor feeds t}le conditioned signals
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TELEMETRY SYSTEM

I
VEHICLE

I

GROUND

I

DDAS Ourput
(Coox Coble)

Vehi cl e
Checkout
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to the telemetry system. In the telemetry system,
the signals are inaerted on rf carriers and trans.mitted durug flight to the telemetry ground stations.
Before launch, t}te measuring and telemetry systems
send digital data by coer(ial cable from each stage of
the vehicle to the checkout facility. The digital information is used for automatic checkout of the vehicle
on the Iaunch pad. In this mode, the telemetry system
operates with the launch site Digital Data Acquisition
System (DDAS).
Each stage of the launch vehicle has an lndependent measuring and telemetry system, DDAS out-

put, and r{ tranemiselon equipment. In addttlon, the
PCM telemetry system of the S-IVB Stage ie interconnected wlth the PCM telemetry system in the IU
for redundant tranemiselon of some lmportant measurements.

5. 1-2

For monitoring of digital date, the IU telemetry system has an interface wittr the LVDC through the LVDA.
As the measuriag and telernetry system tn each stage
is essentially the same, the IU measuring and teleme-

try

syetem

will

be used as an example throughout

this chapter.
To simplify vehicle checkout, data handling,

etc., standardization is practiced wherever feasible.
A remote automatic checkout system is standardized
on each stage to provide automatic checkout of
measurements from ground equipment.
An airborne television system is also used to
transfer data from the vehicle to the ground. This
system is used on Saturn V Vehicles to observe the
propulsion englnes during flight.
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IIITASURING, SYSIEII1

5.2.t

GtiltRAt

The measuring s1'stenr includes transducers,
measuring racks (which contain the signal conditioning
modules), ineasuring distributors, measuring rack
selectors, and measuring voltage supplies. The
rneasuring slstenr cor)r'erts the signal or quanUty to
lrc nreasured into an electrical signal that is acceptable to the telemetry system. According to this definition, the measuring svstenr ends at the input to the
telernetry systenl (at the subcarrier oscillator, multi-

Certain measurements will be used as inputs
to the emergency detection system (see Chapter 4).
Operational measurements are those measurenrents
used for flight (mission) conlrol. Operational measurements indicate the state of the vehicle and its
systems and also provide trend information (beginning
with the orbital flight phase). All operational measurements are transmitted over the PCM telemetry
links of the S-IVB Stage and the IU. Typical operational measurements for the Saturn V Vehicles are
given in Table 5.2-3.

plexer, etc.

). Figur6 5.2-1 illustrates typical components oI the measuriug systenr. The measurenrents
in the launch vehicle covcr the areas of:
Propulsion
Structure

Guidance and

Flight nrcchanics

Environnrent

control

Physical quantities to be nreasured, such as,
I)r(,ssure, tcnrlx-,raturc, and vibrations must be transfornrcd by transducc.rs into cler'tricai slgnals for
transrrrission by tClenretrv. \leasurenre'nts of electrical signals (r'oltagcs, curre'nts, and frequencies)
originating in onboard cquillnrent are used for monitoring the per{ornranL'(' of this c'quipntent and the
scquence of flight events (e. g., stage separation,
engine t'utof(, antl otherrs). The signals to be nteasurt.d exist irr analog and digrtal fornr, Measuretnents
of all electrical signals do nt-rt require transducers. Thr: rr:easurements nrade in thc various stages
of Satunr lB and V Launch Vehicles are listed itr
Table 5.2-1. Tlre nunrber and type oI nteasurenrents
given ln the tablc arr' lre st estimates and are subject
to changes as the developnrent of vehi.cles proceeds.
This applies particularly to the figures for operational
vehicles since a larger number of measurements is
necessary for perlormance evaluatron and testing of
research and development vehicles. Because of the
Iarge number of different ureasurements, no detailed

Iist of measurements is given. Table 5.2-2 indicates
some of the quantities measured in a typical Saturn V

Vehicle.

5.2.2
one
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Generally, transducers change energy from
form to another. In measuring techniques, they

are used as electromechanical measuring instruments
which contain sensing devices for converting mechanical and environmental quantities into electrical
signals. Evaluation of vehicle performance and inflight nronitoring requires tie measurcment of a
larue variety of physical quantities onboard the
vehicie. Thereiore, many different types of trans
ducers are used. Some typical transducers and tht
corresponding measurements art-, listed in Tablc
5.2-2. Because of the nrany types of transducers and
measurernents used in launch vehicles, no attempt
is rnade to give a conrplete description of all transducers on each stage. The following measurement
descriptir,rns generally apply to t}re S-IB and S-IC
Stages. The number of transducers used in each
stage may be found in Table 5.2-L. ,Figure 5.2-2
illustrates several typical transducers.
BENDING MODE VIBRATION MEASUREMENTS

(ALL

STAGES)

Bending measurements are made using forcehrlance accelerometers. The principle oI operation
of the force-balance accelerometer is shown in
Figure 5.2-3. These instruments operate as a subminiature servosystem, which is responslve to linear
acceleration along its sensitive axis. Due to inertia,
t}te acceleration sensitive nrass, commonly call.ed
the paddle wheel, moves relative to the position de-
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Table

5.2-1

Number of Measurements, Transducers, and Measuring Racks (Typical)
SATUR}.T

.,

R&D I

Measuring Racks

Transducers

Measurements

Stage

IB

R&D I

oper

ope.

R&D I

op"t

S.I B

403

263

305

106

19

5

S-TV B

513

218

298

115

l7*

7*

ru

315

200

o,

45

I

4

Total
Vehicle

1231

681

695

366

45

16

SATURN V
Measurements

Stage

R&D I

on".

Transducers

R&D

I

onet

Measuring Racks
Oper
R&D
I

S-I C

872

291

723

157

27

5

I

976

446

589

180

35

8

589

2t8

298

115

l7*

7*

ru

337

215

92

45

10

4

Total
Vehicle

2774

176

LI02

497

89

24

S-I

S-TV B

1

Signai conditioning Panels

tector when acceleration is applied. The positionerror detector and servoamplilier generate a
Ieedback siglul to the restoring mechanism. The
electromechanical servoaction results ip a balance
between the input lorce proportional to the acceleration
and the feedback force proportional to the current in
the restoring coil. The restoring current, or the
voltage it develops across a series resistor, provides
the output of the accelerometer, and is a precise
measurement of acceleration'
The advantage of the foree-balance accelerometer over earlier potentlometer type accelerometers is that friction is almost negligible. The
force-balance accelerometer will sense both extremely
slow vibrations and continuous acceleration in a single
direction. The same instruments are employed to
senee lateral acceleration along the pitch and yaw
axes in the IU. Similar measurements are also made

to determine the bending or llapping actions of the
vehicle fins.
FLIGHT MECHAMCS MEASUREMENTS
Longitudinal acceleration measurements are
made to measure the thrust decay of engines. These
measurements are made with the same type of accelerometers that are used for strain and vibration meas-

urements. Longitudinal acceleration measurements
to determine thrust and thrust decay of the S-IVB Stage
are made in the IU.
Angular velocity measurements are made
using Rate Gyros (see Chapter 3). The instrument
is accurate within a range of t10 degrees per second.
In case of a catastrophic sittratlon, tlte vehicle also
carries Rate Gyros to measure angular movement in
excess of 100 degrees per second atong the pitch and
Jraw alces.
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Propulsion systerl measurements are made by
pressure transducers, flownreters, tachometers, and
tiquid level sensors. A brief iunctional description
l-,-br each is given in tte following paragraphs.
PRESSURE MEASUREMENTS

Pressure measurements are made by two
di{ferent methods: potentiometric and strain gage.

Table 5.2-3
Typical Saturn V Operational Measurements
S-IVB Arxiliary Propulsion System

Propellaat level
Helium supply pressure
Propellant temperature
S-WB Main Propulsion System
Gas supply Pressure

The potentionretric transducer is basically a
wirewound potenti.ometer with the wiper mechanically
connected to a pressure controlled diaphragnl as
illustrated in Flgure 5.2-4. The output voltage is
obtained by applying 5 Vdc to the potentionreter.
The magnitude of the output will vary from 0 to 5
volts, depending upon t}te position oI the wiper. Since
the output voltage is within the lirnit required by the
telemetry subsystem, no signal conditioning is

required.
Table

5.2-2 Typical

Saturn V Measurements

Quantity Measured

Typical Transducer

Acoustic energy

Microphone

Tenrperature

Resistance thermometer,
thermocouple, or ther-

mistor

Propellant valve Positions
Propellant mass
Engine sequencing signaLs
Tank pressure

Propellant flow

Thrust chamber PresBure
Hydraulic system pressure and fluid temperature

S-M/IU Electrical System
Battery voltages and currents
Bus voltages and currents

Inverter voltages
S-WB Attitude Control and Stabilization System

Attitude control signals (pitch, yaw, roII)
Angular velocity (trlitch, yaw, roll)
Engine actuators position
Control computeltemperature
Servo amplifier signals
Spatial amplifier signals
Valve positions
Navigati.on, Guidance, and Digital Signal

Pressure

Bourdon tube or bellows
pressure transducers

Vibration

Piezoelectric accelerometer

Liquid flow rate

Turbine -t1pe f lowmeter

Liquid levei

Level probe

Strain

Strain gauge

RPM (turbopump)

Tachometer

Acceleration

Force balance accelerometer

Position

Potentiometer

Time to S-M second ignition and cutoff
Accelerometer output (X, Y, Z)
Gyro servo output (X, Y, Z)
Gimbal angles (pitch, yaw, roll)
Launch Vehicle Digital Computer signals
Temperatures of computer and platform

Angular velocity

R4te gyro

Air bearing

Voltage, current,
and frequency

Signals
Guidance and

Control signals
RF & telemetry
siguals

5.2-4

Steering commands (pitch, yaw, roll)
Space fixed velocity (3 components)
Space fixed displacement (3 components)
Conlputer time

components

supply pressure
Switch Selector output

Environmental Control System

Pressure and temperature of coolant at
several places
CoId plate temperature
Gas supply preesure
Instrumentation and Communication System
Power output of the PCM transmitter (S-IVB & ru)

Astrionics System
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\--,'

Approximately ?0 per cent of the total pressure
measurements are made with the polentiometric type
transducer,

Sensitive

r-----

On the S-IB Stage most of the potentiometric
type pressure transducers may be calibrated while
on board the vehicle by using the calibration valve that
is associated with each transducer. The calibration
valve, connected between the transducer and the source
of pressure being nreasured, may be coupled to a calibration line that is connected through a quick discon-

nect coupling to a controlled pressure source. When
the calibration line is connected to the valve, the
transducer sensor is mechanically positioned to sense
the controlled pressure. The transducer automatically
returns to sense the system pressure when the calibration line is removed. All other type pressure transducers are celibrated electrically.
In addition to the potentiometric pressure
transducer, pressure measurements are made with
unbonded strain gages (Figure 5.2-5). Each strain
gage transducer consists of four individual strain
gages mechanically connected to a pressure sensitive
diaphragm and arranged in such a manner tiat compression on two of the gages results in tension on the

Axis---+

------l
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!
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Figure 5. 2-3 Force-balance Accelerometer
Block Diagram

two. This action, in effect, results in an output when the strain gage transducer is excited by an
external voltage. The output voltage of ttre strain gage
transdueer is approxirnately 40 millivolts at full presother

sure; therefore, the signal must be fed into a signal
conditioner (dc amplifier) before it can be applied to
the subcarrier oscillator. In some cases, the signal
conditionirg is incorporated in the transducer package.

t
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Piezoelectric

o
t
Vibmtion
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Figure 5.2-2 TYPical Transducers
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The signal conditioner i.s a magnetic frequency
divider which uses the rectangular hysteresis characteristics of a saturable core.
LIQUID LEVEL MEASUREMENTS (S-IB STAGE ONLY)
The liquid level of ttre propellant is measured
by two diflerent methods: the discrete and the continuous method. The discrete method (Figure 5.2-6)
utilizes a photo-electric cell to obtain signal output.

to be
Meosured
IBl,{ 850

Figure 5.2-4 Bourdon- tube Potentiometer Type
Presgure Transducer
RPM MEASUREMENTS (S-rB STAGE ONL9

This measurement utitizes a variable reluctance type of tachometer mounted on the turbine. As
the turbine turns, the varying reluctance of a magnetic path generates an ac voltage. The frequency of
the output voltage is proportional to the rpm of the turbine. This frequency is too high for the bandwidth of
the available telemetry channels; therefore, signal
conditioning is required to divide the frequency by 32
to make the output signal compatible with available
telemetry channels.

i-;il;t
circuit

!

r500

I
I
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Power

Supply

in

DC
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I
I

The sensor consists of a light source, photo-electric
cell, and a prism. Because the liquid diffuses the
light rays, no output is obtained until the level of the
liquid drops below the prisms. As the level of the
liquid drops below the prism, light rays from the
light source are reflected back to the photo-electric
cell by the prism faces, which are at 45-degree angles
to the light rays. Fifteen setxiors are located along
the length of the tank When the output from one sensor is detected, it is possible to determine the amount
of propellant (fuel or lox) tlat was consumed in the
time interval that lapsed between outputs from this
sensor and one that was previously initiated.
The continuous method of measuring liquid
level is used in the lower portion of the propellant
tank to determine the amount of propellants remain-

i
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Figure 5.2-5 Strain-gage Type Pressure Transducer
5.2-6

Astrionics System
Section 5.2

dieiectric constant of the liquid. The bottom
capacitor (Cr) is approximately 3 inches in length and
is submerged in propellant when a measurement is
made. The capacitance of C, is proportional to the
dielectric constant of the liquid.
and the

50ms Pulse

Out

a-'

To

lvleos Distr

./\^&\/L

Each capacitor is connected in a bridge circuit.
The outputs of the two bridge circuits are connected as
the excitation to a third bridge circuit which is always
kept in balance by an electronic servo system. The
feedback elements of ttte servosystem are nine binary

Liquid Level

Prism

weighted capacitors controlled by a counter. The
counter provides a parallel binary output for telemetry.

Light Source
IB!1

B5 2

Figure 5.2-6 Liquid Level, Discrete,
Functional Diagram

Flowmeters convert the rate of flow oI a

ing after engine cutoff. Principles of operation of
tlre continuous method are illustrated in Figure 5.2-7.
The sensor consists of two tandem capacitors with the
dielectric being the propellant. The top capacitor
(C") is approximately 40 inches in length and exhibits
a capacitance proportional to the height ol the liquid

E

cr

Excitolion

C

FI-OW RATE MEASUREMENTS

fluid (amount per unit [ime) within a pipe into an
electrical signal. The rate of flow is represented

by the frequency of the signal The output signal
must be signal conditioned to form a 0 Vdc to 5 Vdc
signal. Most flowmeters are equipped with a mechanical locking device to prevent damage to the turbine
during purge operations.
The flowmeter casing (see Figure 5.2-8) consists of a short piece of pipe the same size as the
piping being measured. Within the casing is a free turning turbine. External tb ttris casing is a coil
surrounded by a permanent magnetic field. Fluid
pumped through the piping and flowmeter causes the
turbine to turn at a rate directly proportional to the
velocity of the fluid. The metal turbine blades disturb the rnagnetic field, thus inducing a current into
the coil. This current is changed each time a turbine
blade disturbs the magnetic field. The frequency of
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Figure 5.2-7 Liquid Level Sensor
Electrical Schematic
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the current change is proportional to the turbine
speed which is proportional to the fluid velocity. The
r--./c signal output is sent to a dc arnplifier signal con{itioning module or to a frequency to dc converter
signal conditioning module.
TEMPERATI.IRE AND RADIATION MEASUREMENTS

The principal temperature and radiation .measurements, are in the following areas:

r

Cryogenic temperature measurements

a

Heat flu:r (radiation and convective)

a

Temperature measurements
detection temperature measurements

Generel environmental temperature
meagurements

Cryogenic Measurements. An important factor in

--

engine operating efficiency is the density of the oxidizer and the fuel. As density is inversely proportional to temperature, temperature measurements
are perforrned at critlcal points in these systems
.luring flight, The operating efficiency of the engines
be determined from these and ot}er measurements.

"an

Cryogenic measurements are performed by
means of resistande thermometers located in the fuel
and. lox tanks and in the plumbing for both of these

systems. These positive temperature-coelficient
resistors are fabricated of high purity platinum and
require precise calibration techniques.
The maximum temperature range of these
devices is from -200'C to +300"C (-328'F to +5?2"F).
Data reduction is accornplished through a straightforward temperature versus resistance metlod. As
in the otJrer temperature measurements, dc amplifiers
are employed to increase the output signal level to the
required 0 to S-volt telemetry input level.
Heat FIux (Thermal Radiatjon) Measurements. Calorimeters are located at strategic points on the engine
heat shield to measure thermal radiation and thus per-

mit a precise calculation of the mintnrum insulation
weight allowable at these Points.

\-

One type of calorimeter measures both thermal
:adiation and convectlve heat transfer. The heating
rate is determined from the temperafure versus time
characte.ristics of the copper slug.

5.2-8

or "membrane" calorimeter. This calorimeter employs a thin disc of constantan welded to a copper heat
sink An insulated copper lead is attached to the
center of the disc and another insulated copper lead is
attached to the copper heat sink. The temperature
differential between t}te center of the disc and the circumference of the disc produces the emf output which
is telemetered to the ground. The emf output of the
membrane calorimeter is a linear function of the incident heating rete wrth the slope of the output curve
being deterrnined b,v the physical size of the constantan
disc.
Flre Detection Measurements (S-IB and S-IC Stages

r Fire
r

Another type of ca-lorimeter utilized in some
measurements on fire Saturn Vehicle is t}te "tIin film"

ative during the period prior to vehicle lift-off. When
the air temperature, measured at critical points, rises
at a rate beyond a specified value, an alarm signal is
initiated in the blockhouse and an automatic engine cutoff occurs.
A series of tlrermocouples, arranged in loops
with several thermocouples in each loop, are used.
The thermocouples are located in back of the heat
shield and in the engine compartment. The rate of
rise of the temperature of the air is measured in the
immediate vicinity of the thermocouple, rather tlan
the radiated heat from some point remote from the
measuring device. The system does not define the
exact location because of ttre series loop configuration.
General Temperature Measurements. Surface tem-

perature measurements are made with thermocouples,
thermistors, and resistance thermometers. Thermocouples are normally used when the measuring range
i.s 150'C (302'F) or greater, and resistance tiermometers and therrnistors are used for ranges of less
than 150'C. The resistance thermometers are extremely accurate positive temperature coefficient
resistors. Thernristors are semiconducting devices
which exhibit a high-negative -temperature coefficient
of resistance. Ambient air measurements down to
-20'C (-4"F) are also performed with thermistors.
Thermocouples and Zone Boxes. Three types of thermocouples are used on the vehicles. In the circuit
consisting of 2 metals, an emI will be produced at the
measuring junction if a temperature difference exists
between the measuring and the reference junctions.
The 3 types in use are: chromel,/alumel, iron/constantan, and platinum/platinum 10 percent rhodium.
Thermocouples provide meaaurements of surheat,
fuel temperature, ambient air temperatures,
face
and are used as fire detection gages.
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In a laboratory, the reference junction is usually

nraintained at 0"C (32'F). For vehicular purposes,
such a temperature limitation is impractical; therefore,
an alternate method has been selected. Changes in

reference junction temperature during flight are comfor electrically by means of a bridge circuit
with a resistance thermometer in one leg. A typical
bridge circuit with zone box is shown in Figure 5.2-9.
The reference junction is contained within the zone box.
The zone box is ttre junction between the vehicle network wiring and the tlermocouple leads. A resistance
thermometer is in ttrermal contact with the reference
junction. The resistance thermometer has a known
positive temperature coefficient. Since ttre resistance
thermometel controls the reslstance of one leg of the
bridge, the output emf of the bridge circuit wiII follow
the temperature induced emf output of the thermocouple
(reference junction). The bridge circuit is so calibrated that it will cancel any emf produced by the
reference junction as a result of an increase or decrease
in temperature. The dc amplifier increases the output signal level to the tequired telemetry input level
pensated

of0to5volts.
VIBRATION MEASUREMENTS

Vibration measurements are made to determine
the structural strength and stability of the Saturn
Vehicle. Vibration and stress sensors are nrounted
on the propellant tanks, turbopumps, engine mountings and engine combustion chamber, and at structural junction points of the vehicle. Two types of
accelerometers are used as vibration sensors on
board the vehicles; ttre piezoelectric and the strain
gage types.

Zone Box

Piezoelectric Accelerometer. Because of its small
ard fr"q."ncy response, the
piezoelectric accelerometer is extensively used for
flight vibration instrumentation. The frequency
response of a typical piezoelectric accelerometer
ranges from about 5 hertz to several kilohertz. For
-flight nleasurements, the useful frequency response
is limited to the bandwidth of the telemetering channel.
Thia type of accelerometer wiII not respond to near
constant acceleration. The effects of vehicular
acceleration are tlus eliminated from the measurements, and only local vibration is detected by the
sensor.

sire, tight *erght,

The piezoelectric accelerometer (Figure 5. 2-10)
consists of a seismic mass which applies a force to a
piezoelectric crystal, causing it to generate an electrical signal. The electrical output is proportional to
the force applied to the crystal and is an indication of
acceleration or vibration. The high-impedance output
of the device is coupled to a high-input-impedance
emitter-follower stage to maintain adequate lowfrequency response.

The emitter-follower can be integral to the
accelerometer case, or it can be physically removed
but joined electrically through a coaxial cable. Typical sensitivity is in the order of. 32 mv/g. Temperature environment is the determining factor in the
choice of crystal material to be used. A sulficiently
broad range of sensor types is available to permit
vibration measurements to be made in almost any
temperature environment. The accelerometers are
capable of operating up to an acceleration level of
several hundred g's and to a lower limit determined
by the associated electronic circuits. In flight applications, the range is norrnally from +3g to +70g.
Tests have indicated that the acoustic environment
encountered on the vehicle will have negligible effect
on accelerometer output. This is the sensor most
frequently used lor vibration measurements.

Bridge

Supply
'rE

Meosuri ng

(

Junction

f,l:,{"

tBr!1 ts55A

Figure 5.2-9 Typical Brioge Circuit

Strain Gage Accelerometer. The accelerotueter
(Figure 5.2-11) consists of a mass suspended from
strain-sensitive wi.res connected in a Wheatstone
bridge. When a force is applied to the mass, the
resistances of the supporting wires change, thus
unbalancing the bridge and causing an output voltage.
The heavy arrows show the lower resistance circuit
of an unbalanced bridge. The extent of the unbalance
is indicated by the increase in v<lltage at the nreter.
In practice, a bias voltage is used to produce a
2. 5-volt potential at the output of the amplifier when
the mass is at rest. The bias prevents the output
f rom going negative as the utovements of the mass
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The unit is sensitive to sound pressure levels of 110 db
to 190 db in the frequency ranges ot 50 Hz to 3150 Hz.

4@ Hz Colibmtion Signol

The microphone consists of a crystal solidly bonded
to a mass with a sound-lsensitive diaphragm attached
to ttte orystal. The microphone is mounted directly
to the structure with the diaphragm facing ttre area
to be measured for sound. Sound pressure applied
to t}le diaphragm causes it to vibrate and this vibration causes compression-tension forces to be felt by
the crystal. The crystal generates a small electrical
signal prop<-rrtional to the applied sound pressure.
The amplitude of the signal represents the db level
and the frequency represents the frequency of the
sound. The electrical output of another crystal,/mass
assembly (which is mounted opposite the first) is
coupled directly to the output of ttte first. Unwanted
crystal outputs induced by structural vibrations are
thus cancelled out and are not felt on the microphone
output. The output of the microphone is coupled via
coaxial cable to the source follower.

Operoting

Crysiol

Power

Output

Signol

Output

Axis

I
tBM tr56A

Flgure

5.

2-10 Piezoelectric Accelerometer
and Emltter Follower

i.n both directions. Furthermore, the bias confines
the output voltage to the 0 to 5-volt range.

is

ACOUSTIC MEASUREMENTS
An ecq.rstic tranbducer converts e sound into
proportional
electrical signal. The transducer cona
pieces
a microphone and a source
sists of two
(see
Figure 5,2-LZ). The output signal must
follower
be signal conditi,oned to forrn a 0 Vdc to 5 Vdc signal.
As sound is a movement of air molecules, an acoustic
transducer cen operate only in the atmosphere.

Source Follower - The source follower electrically
isolates and increases the current of the microphone
output. The source follower is a transistorized unit
less than 3 inches in its longest dimension. The
source follower receives operating power from the
Measuring Rack. The output of the source follower
is routed to an ac amplifier signal conditioning module.
Prior to launch, the source follower and subsequent

Microphone - The micrtphone uses the piezoelectric
eflect oI a crystalline structure to produce an output.
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Acoustic Transducer Functional Diagram

components can be calibrated by application of a 400

Hz signal.

RF POWER MEASUREMENTS
The VSWR measuring unit is used as an rf
power transducer. It contains eight coupler assemblies,
each of which measures the transmitted or reflected
power of a telemetry transmitter. Each of the eight
measurement output signals from the unit is low-level
dc and is fed to a dc amplifier signal conditioner
module.

A typical rf input slgnal (see Figure 5.2-13)
is in the frequency range of 230 MHz to 260 MHz,
with 22 watts of power. Each measurement is inductively picked off by a coupling loop inserted into the
electromagnetic field about the input signal conductor.
The Ioop is inserted so as to be sensitive to energy
travelling in one direction only; therefore, one loop is
necessary for transmitted power n.ronitoring and
anotler loop for reflected power monitoring. A crystal
detector rectiJies the voltage in each pickoff line.

5.2.3 SlGilAt C0ilDIIl01{l}lG
The following discussion on signal conditionirig
applies primarily to the lnstrufient Unit.

The signal conditioning systetn tales the signal
to be measured and converts it to a signal that is
acceptable to telemetry. The signal may be an electrical signal from the vehicle or it may be the output
from a transducer. Certain transducers have output
signdls which do not require signal conditioning.
These sig;nals are fed directly to the Measuring

Dlstributor.
A modular concept is used in the IU signal
coaditioning system. This consists of a number of
measuring racks, each having a maximum of 2O
meaeuring modules (channels) plus 2 channel selectors.

These modules which plug into the Measuring Rack
consist of dc amplifiers, ac amplifiers, channel

selectors (for calibration) and other modules. The
amplifiers have ttre provisions for plug-in signal
conditioning cards to obtain a very flexible measuring
system with a minimum number of components.
The measuring rack is a fabricated sheet metal
structure with a tight fitting cover. It is not pressurized or hermetically sealed but has a gasket seal
on the cover and a pressure relief valve to maintain a milimum lnternal pressure of approximately
20.7 N/MZ (3 psi). The internal electrical connections
are made through a multilayer printed circuit board
with flexible integral cable to the external connectors.
The multilayer board is also the mechanical support
for the measuring module connectors. A typical
Measuring Rack of the type used in the IU is shown
in Figure 5.2-14.
Signal conditioning il other vehicle stages is
accomplished in a similar way. Signal conditioning
nrodules are mounted in measuring racks containing
20 modules each. In the S-IVB Stage, siglal con-

ditioning modules are mounted on panels distributed
throughout the stage. The number of Measuring Eacks
in each stage is given in Table 5.2-1.
D(:AMPLIFIER.S
There is only one type of dc amplilier module
used on the ru. By making use of hdividually tailored
range cards, this one amplifier is used for measuring

temperatures, pressures, currents, voltages, error
signals, and other measurements.
The dc ampliller module changes dc measurement signals or low-irequency ac measurement signals
to a 0 Vdc to 5 Vdc range. The dc amplifier module
physically consists of two parts: a rrulge card and a
fixed gain amplifier. The range card plugs into the
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Figure 5.2-13 RF Power Transdueer Furctional Diagram

amplilier module. DiJferent types of range cards are
selected to adapt the measurement signal to the fixed

amplifier.

Regulated power used by the range card

amplifier is generated in the amplilier module
(see Flgure 5.2-15). The output regulator provides a
precise 10 Vdc to the range card for use by the bridge
network and the calibration network.
and the

The tnput signal to a dc ampli-fier module is
routed straight through the arnpli-fier portion to
the range card. The range card conditions the signal
to a 50 mV range and sends it back to t}le ampliiier
portion for amplification to a 5 V range. The amplified signal is then routed bac( to the range card for
addition of bias voltage iI necessary. From the range
card the signal is returned to the arrlplifier portion
and on out to the meaaurement distribution equipment-

first

6.2-t2

Two relays are provided for checkout and calibration of |he amptifier andassociated measuring
system. These rel,ays are operated remotely through
the Remote Automatic Calibration System (RACS).
AC AMPLIFIERS
OnIy one type of ac ampli{ier is used in the
The ac ampli-fier has the same type range card
as the dc amplifier. It is used primarily for vibration and acoustic measurements.

IU.

The amplifier has a gain of. 240 and a f requency
response of 50 to 3000 hertz. Since practically all
vibration and acoustic measurements are on SS/FM
telemetry, the lower frequency response limit was
designed to be 50 hertz. The ouQut is transformer
isolated from the input and ground.
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Figure 5.2-L4 Typical Measuring Rack
The ampUfier contains an internal dc-to-dc
converter to supply an isolatecl power source for the
amplifier and to provide an isolated power source
for use with the vibpation transducers and emi.tter
followers. The ac arnplifier has the same type
limiting circuits and calibration relays as the dc
amplifier.
RANGE CARD

Range cards are individually tailored to particular measurements but all range cards fall into
two general categories: a voltage divider range card
which transforms an input voltage into a proportional
50 mV range and a bridge range card which monitors
varying resistive networks and transforms the varying
resistance into a proportional 0 to 50 mV range.
Bridge range cards are used with resistive type temperature transducers (the transdueer is the variable

The range card is a printed circuit card used
with the dc and ac amplifiers. The card provides the
necessary flexibility to obtain the measurements
required on the Saturn Vehicle with a small number
of different type ampli-fiers. Thus, only one type of
dc ampli-fier and one type of ac ampli-fier are used on
practically all t}te measurements requiring signal
conditioning. The range card contains bridge completion resistors, calibration resistors, bias networks
gain adjustment, or other conditioning circuits.

A circuit diagram of a typical bridge card for
temperature measurements is shown in Figure 5.2-16.
In this case, the transducer is a thermistor. Small
range changes can be made by the range adjustment
potentiometer. By changing resistors, the range can
be changed by a large amount and severa-l ranges of
temperature'can be measured by using one basic
range card. The system can be calibrated by using
the Remote Automatic Calibration System (RACS) to
shunt fixed resistors across the bridge.

leg of the bridge).
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SPECIAL MODULES
There are geverel measurementg t[tt require
elgnel coodidofng tlot are not compatlble with tlrc ac
or dc empllfler. Spectel signaf cmditlonlng modules
are ug€d lor these mea.surements. Examples of tlrese
mo&ileg are: the frequency-to-dc conv€rter used with
flwmetcrg, tlrc lorvo accelerometer unit used with
e lorce brleace tccelerometere, end tie frequency
\mcrsurlry untt used to accuretely manltor the 400hcrtl vchlcle rupply. Moet oil the speclal modules
hre rebye lor cellbreEon end checkout.

5.2-14

s.2.t

ttltuiltc

Dtslilluiloil

The meazurtng distributors accept the 0 to
5-volt anQut d the signal condittoning modulee and
routeg them to t}te proper telemetry etrannels. Most
measurements ln tlre measuring eystem are connected
to the dlstributor to be directed to t}elr preeeslgned
channel. fhg rlin[yibutors provlde versedlity in
chenglng elnnnel esetgnmente; chengee ere made by
phyeically reerranghg jumper wlres rithln the measurlng distrlbutors. The versatility of tJre dlstributors
ellmlnatee extensive cable clnnges and ellws channel
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Figure 5.2-16 Typical Range Card for Tempelature Measurements
changes to be made during checkout. More than
one measuring distributor rnay be used depending on
the number of measurements to be nrade and the

physical location withln the IU of the measurements
to be rnade.
Switching functions connect diflerent scts of
measurements to the sanre telenletry chantrels duritrg
different flight periods. These switching futrctions,
controlled by the Control Distributor, are performed
in the Measuring Distributor. Switching functions,
controlled from the ground via the unrbilical cable'
connect rneasurements not required during tlight to
digital data acquisition sygtern channels lor ground
checkout and return the chamels to flight nleasureuients after checkout.

5.2.5 tTASURUil$lT CAl,llRAll0ll
The Remote Automatic Calibration System
(RACS) permits a remote calibration of the measuri-ng
system prior to launch. During vehicle checkout,
calibration of measurements is accomplished through
use of the MCS. Any corrections required can be
made by adjusting potentiometers on the amplifier
range cards. If the measuring system dri.fts or deviates from the final adjustments, the data obtained
Irom RACS is used to correct the flight data for more
accurate mea8urements.
Each signal conditioning module contains 2
relays and the neceasary circuit to simulate the trans-

ducer as well as the upper (HI) end and the lower (LO)
end of the signal range for that particular measurement. The transducer is connected to the module
when the RACS is in the RUN mode.

A binary-coded signal is sent from the GSE
through the umbilical cable to the Measuring Rack
Selector in the vehicle to select a particular measurement for calibration. Figure 5.2-17 shows the RACS
for the tU. Each stage has a separate RACS. The

signals are generated in the GSE either by a manual
keyboard or from a computer program. These signals
are decoded on the vehicle and distributed to the various Measuring Racks to operate the checkout relays.
The calibration comnrand signal consists of 13
bits in parallel. There are 6 bits for rack selection,
5 bits for channel selection, and 2 bits for mode selection. (One checkout relay in each module is for the
HI mode checkpoint, and the other is for the LO mode
checkpoint. ) The same code is used on all stages
to provide a 31-rack capacity. The IU RACS is

desigred

for

14 racks.

is received in the
rack
select code is
Measuring Rack Selector. The
to
the proper
is
addressed
decoded and the signal
mode
codes
for
circuits
Buffer
Rack.
Measuring
provided
the
Measuring
in
are
codes
channel
and
Rack Selector which acts as d distribution point to
the various Measuring Racks. The signals go to the
channel selector nrodule in the selected Measuring
On the vehicle, the code
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Rack Operation of the ctnnnel selector requires the
following conditions:

In addition to Hl and L0 modes, there is a third
mode of operation, called RUN mode, whlch is selected
. when both calibration relays are ln an unenerglzed
state. The RUN mode is the normal mode of operation

Rack select signal present
Chamel aelect slgnal preaent
Mode stgnal preaent (HI or LO)

RACS.

wtth the treneducer or input slgnat connected to the signal conditioning module. During calibration (following
HI or l.o mode), the RUN mode is achieved by sending
t}te proper code to the vehicle. Since the RACS is used
only before Launch, it is wired in such a way that the
power is removed at launch. Removal of the power
causes all relays to switch to RLIN mode. This e[minates the possibility of leaving any module in the checkout etate (HI or I,o).

The channel select modules contain 20 AND
gates. When the 3 conditlons mentioned above are
fulfilled, the addressed AND gate "latcheg in" and
energlzes tlte corresponding calibration relay in t}te
eiAnal conditionirg modtrle. This relay wlll remain
energized rurdl another signal is sent to change the

Any number of channels can be selected individually, simultaneously, or in any aequence or combination (with any combinatron of a HI, LO, or RIIN eelection at the GSE keyboard). The GSE display panele are
used to monltor the signal (code) sent to the vehicle
(there is no code feedback from the vehicle). The calibration results are observed through the telemetry

mode.

system and connected ground checkout system.

There are two channel selectors in each Measuring Rack One decodes ehannels 1 throryh 10 and
the otler decodes channels 11 through 20. The channel eelector contalns tlte necegsary diode matrices
and latch circuits to complete the operation of the
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5.3.r c[lttRil,
Each sta€le of the Saturn Vehicle carries an
independent telemetry system. 'These systems modulate the signals from the measuring system onto RF
carriers for transmission to ground stations. Three
diJferent moduiation techniques are applied ia the
telemetry system of each stage:

o

FM/FM telemetry uses frequency modulation/f requency modulation with pulse
Amplitude Modulation (pAIU) and triple
Frequency Modulation (FM.r) as auxiliary
techniques

.

SS/FM telemetry uses single sideband
modulation/f r.equenc y rnodulation

o

PCM/FM telenretry uses pulse code modulat ionf requenc y modulation

These different modulation techniques provide
efficient transnrission of the large number and variety
of measuring data which have different requirenrents
of bandwidth and accuracy (Table 5.3-1).

DATA CATECiORIES
Low-response/low and medium-accuracy data
may be sufficiently defined by sanrpli.ng at a rate of
Table

5.3-1 h,ta

Low-responser/high-accuracy data requires
accuracies of 1 percent or better. Examples are
longitudinal acceleration and combustion chamber
pres sure measurements.

Medium-response/medium -accurac y data requires a 5 to 40-hertz response. Data ln this category
can be handled by sampling at 100 to 125 hertz per
channel or less, or by FM/FM channels below the
3-kilohertz subcarrier using the standard deviation
ratio of 5.
High - response/medium -ac curacy data require s
a 50 to 1000-hertz channel response. This type of data
is readily handled by FM/FM subcarriers.

Widebaad low-accuracy data has a bandwidth of
roughly 50 to 3000 hertz and normally no.dc component

of interest. Vibration data and sound intensity fall
within this classiJication.

Event measurements constitute a special cate_
to whether or not

gory. Interest in this data is limited
Categories
Frequency

Accuracy

Response

(hertz)

Required
(percent)

Low-responsellow and medium-accuracv

2-3

2-5

Low-response/high-accuracy

2-3

1

Medium-responseT/medium-accuracy

5-40

2

High-response/medium-accuracy

50- 1000

2

Wideband low-accuracy

50- 3000

5

Type

1.
2,
3.
4,
5.
6.
7.

l0 hertz, or less. [n ternrs of frequency response
this r.r'ould be 2 or 3-hertz maximum variation. This
category includes temperature, pressure, and other
measurements where rapid vari.ations are not very
Iikely or are not of interest.

Event measurements

Digital measurements

5.3-l
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an event has occured and,

if so, tie time of occur-

rence with respect to a specified time resolution"

_ ,

In addition, much data originates in digital
form; e.g., signals from the LVDC
MODULATION METHODS
The wideband data-carrying capability of
standard F'M/F.M telemetry is very poor. The FM//FM
system has one channel with a frequency response of

0 to 1050 hertz at a subcarrier deviation ratio of 5;
the other channels have decreasing frequency responaes
down to 6 hertz. The sum of all the channel bandwidths is only 4700 hertz. The bandwidth efficiency
of a standard FM/FM system with subcarriers operating at a deviation ratio of 5 is about 1.6 percent. A
corresponding figure for a PAM/FM system is about
3. 5 percent; for a PCM/FM system, it is about 3. 0
percent.

'.-

The necessity to transmit wideband data
(acoustic and vibration measurements) led to the use
of SS/FM telmetry. An rf carrier is frequency
modulated with single -sideband, amplitude -modulated
carriers. The bandwidth efficiency of such a system
is roughly 10 times greater than that of FM/FM. It
is capable of transmitting 45 kilohertz of data over the
rame bandwidth used by the FM/FM link to transmit
4700 hertz of data.

A theoretical comparison of the signal/noise
performance of the SS/FM with a standard FM/FM
system is useful. Since single-sideband subcarriers

'

do not possess wideband gain, it would logically be
expected that SS/FM would perform less favorably in
this respect than FM/FM, probably by a factor equal
tolf,times the deviation ratio, which is the wide-

subcarrier. However, if the
modulating signal of such a system is to be vibration
data, other factors can more than compensate for
the lack of wideband gain in the subcarrler.
band gain of the FM

These compensating factors result from a
|<nrrwledge
of the nature and characteristics o(
1,1i61
r rbr:il ron data. A Gaussian or normal curve is a
X ()cl approximation

of amplitude distribution charactaristics of such data. Since the sunrmatlon of
G:x6sian functions is a Gaussian functit>n itseU, the
(' np'site signal modulati.ng the transmitter (in :rn
SS/f rt ..';stem carrying vibration data) eould be exDected t,, resemble a Gaussian lurcti()r, The peak-peak amplltude of the data appliect t,, .ur FM subrrrier must be limited to the band edges oI the
,\.- lbcarrier channels, the deviation being r ?. 5 percent

5.3-2

of center frequency, to prevent adjacent channel
interference. Thus, wtpn data possesses a high
peak-td-rms ratio, the signal capacity of ttre channel
is reduced below its signal capacity for a sine wave
modulating signal (1.41 peak-to-rms ratio). Correspondingly, Gaussian data with a peak-to-rms ratio
of 4.0 reduces rms data capability to 2.83.
No such inherent peak data restriction exists
.
in the SS/FM system. The data peaks of the individual
chamels add in a random manner, .resulting in an
amplitude distribution of the composite signal similar
to that of the data at the chamel inputs and having a
peak factor of approximately the same magnitude.
Thus, with Gaussian-type characteristics and an
identical number of channels, the SS/FM system will
accommodate two or more times as much peak carrier
deviation per channel as an FM,/FM system.
Data which origlnates in digital form and data
requiring high accuracy are transmitted through the
PCM/FM system. The digital data transmission link
is relatively insensitive to imperfections in the transmission channel. Above a threshold noise level, the
accuracy is not appreciably aJfected by noise in the
charurel. Nonlinearity in the transmission chalnel is
of little consequence. By a relatively simple a-nd
reliable operation, the serial digital data whi.ch contains noise and deteriorated rise time can be regenerated into its original noise-free form.

Also, digital data transmission is compatible
with real-time data processing by digital computers
at ground stations. A separate digital data output oI
the PCM/FM system is used for automatic preflight
checkout of the launch vehicle. This is called the
Digital Data Acquisition System (DDAS). A Mod 301
PCM/DDAS Assembly in the PCM/FM system is connected with the LVDC for checkout of the S-IVB/IU
'Stage
in orbit. Durrng flight, all operational data is
transmitted over the PCM/FM link.
MULTIPLEXING METHODS

To increase the data handling capacity of telemetry systenrs, several data channels are multiplexed. Two types of ntultiplexing are utilized: frequenc y-divrsion multiplexing and tinre -div ision
nrultrplexing.

Frequency-division multiplexing is the process
of simultaneous frequency sharing of one rf carrier
transmission link by dividing the available baldwidth
into a number of channels, each with a separate center
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requ{,nr:r'. Spacing rs provided l)etwrcn lhes(. ( h.rnirels
to allou each channel to be freqtren<: i' rnodulated or
deviated about the centel'frequencv. fu'ter nrodulation
oc(:uI's, the subcarrie r srgnals are t ' rmllined linearlr,.
alrd the resultant co;nllosite signal is used to Irequencv
nlodulate an RF carrier. FI\{,, FI\{ ancl SS, FM arc
cxanrple.s oI this frequencv dit'ision multipiexinu.
f

l'rrrrc -dil isiorr n1u]1i1;lexinc is the proctrss ol
s|qu'nlial Sarrrl)ling,|l two !,r'mOr'. data Sourr.r.S and
appll'rrrg the data sarnllles 1,,:r comnl{)n outpur in a
Itxed st'quencr'. Tht' sltrtrlrlts rna)' (,1 ;riar. n<rl be
suparated bv a "dead tll)r("'spac(.. UsuaUy s,'rr.ro
nrarkt,r rs lnade a part of llrc r;utprrt signal.tr,, <lt.srglratrr
tlte begtnning or end of a santlllirrg t'r'clt'. 'Ihis r.s
f or identtficatittn and s\ tr( lu'')nizaltr)n purlx)s(,-, at i-hc

data reduction

l)(

'lnt.

The Saturn telenretlv systelris nrake ust, o[
several tvpes oI tiDre-divisrr-rn multiplexers. The
Mod 2?0 lilultiplexer Assembly is a tinte-division

multiplexer lrrr a131o* 6",r. It is used in conjunctiorr
with the FM f'M teleinetrS'svst(,nr and thePCM,/FM
systenr. The Mocl 245 lvlultiplexel Assenrbly provides
time-clivisi<.ln rrrultiplexirrg
used

for

SSi

The renrote

for rvide-band d,rta and is

F\I telenretry and FM,r FM telerrretri'.
ditital subnrultiplexers and ditital nrulti-

plr,xers are used in ('onnet'ti,rn u,itli the Moc-l 301
I']CM,/DD.{S Assenrbly. Rt.rn,,lr,' :lnal()g subrnultiplexers
are uied for analog clata connt,<'tr,tl tri lhg I\Iori 2?0
Multiplexe

l

Asserrr bly.

In opt'rational vehicles, the nurnber of multiplexers
and FII/t-i\I systems will be reduced. and the SS /Fl\,I

telenretrl' ,r rll tre onutted.
Tablc i. ll .2 lists the type and nutnbcr t.rl telcnretrv systenrs and nrultiplexers used in the stages of
Saturn Vehicles. Because of the sn.raller quantity of
nleasurenrents required in operational vehicles. the
number r)f telentetry svstems is also reduced. (Figures
gir t,n lrlr (.rperational vehicles are "best guess" at the
present tinre.

)

Fr,rrn one to srx tinle-division multiplexers are
synchronized fronr a ('entral tinring s()urce located in
the PCI{ /DDAS Asseu:bly. Each time-division multiplexer provides an output to the PCIVI,'DDAS Assembly
which combrnes the outputs rnto a single serial wavetrain. The individual analog sarnples are digitized and
combrned into a digital frtrmat which is Iransnritted via
coaxial cable to the ground cheekout equil)nlent. This
data is also transmitted via a PCM/FM carrier for
in-f I ight nronitoring.
Each of the tirne-drvision multiplexers has a
second data output which is identical to the output
llrovided to the PCM,/DDAS Assembly excepl that it
is r'onditioned for PAM transmission. These outputs
rnav modulate a ?0-kilohertz, voltage-controlled
oscillator in FM'FM telenreter assemblies. Thrs

arrallgernent provrdes redundalt transrnission of
sonre multiplexer outl>uts usi,lg txrth PANI and PCNI
t

echniques.

TRANSNIISSION CARTTIEIiS

The nuntber o1 Il F t alriers alLrtteci tr.r ea<:lr
rrrodulation technique is chosen trr provide an approI)riate bala:rce of data transnrrssiun capability to
handle the quantrties and varleties 'rJ data originating
oir tlre stzg6:, Thr. telenrer rv equipment associated
witir each stage consists ol a "building-blo('k" irrrirnt(,ment. which ruav be connected in nunrr'ruus t'ontbina-

tions to siltisfv sper:rf ic n)elrsurlns rt,\luirerl)eilts. 'fhe
number r,l crtrriers rrll,rr'.,led r,, F\{ F\1. SSi FM. ol
PCllt l'\l rrnd also the speciJrt' t,rrnbin:rtion of [.rurkling
bit>cks r'.trv

lrom st.t{e tu sta(r' and lr,,!lr vehif le to

veh ic It'.

In the lolLrrving lraragraphs. the tclernetr5'
systerns ale dcst ribed in thc order of data f low.
StaIting from thC tt,lc.nretry equipnrent clr,rsest to the
data sr-rurce. the dest,rrptions continue torvard the
transnutting equillnrent. Figure 5. 3- 1 should be

use'd

as a relr:rence t() these svstenr descriptions.

5.3.2 St0tY SPtID ltlUtItpt txtilG
MOD 245 iUT:I,TIPI.,EXTJR

Tlie \l,irl 24i Nlultilrlexer Assenrttlr.ii a tit].r{_,l"ion lllulttl)[t'xel whi, lr rs used rrr t.on.iunctron rvith
arr SS ['tr! Ass,::,blv rnrrltiplexel'and F]VI Fi\I nrultipltrer link. Tirrs unit can santple a nraxinrr-rrn o{ 80
data clrannels and pr'(rvrde l6 r.hanrrels oI rrutput data.
It is plimarill, ust,d frrr rrrultiplexing widet.rand vibratirrt data.
drr

TYPICAL S-TVB III f 5.1,1'T,11'TRY SYSI -}I
Fierrre 5. 3- l r., a functrotral f iou <lia. r';r rl ol
a 1\':)t(:al inslt'unti'r".r!1r,1. -',st(,1)r l,,r' Salurn \'. F lrr: ht
rrirssion) c'rrttrol rlata is:.r'r)l .rr |ra[allt ito t]rr'Il.t
I'('\l F'M:rr,,l S-lVl, PCM F'Il svstr.nrs as inclrtatecl
Ir.t llrr lr. irr,
Ihcrtl,'l'('. rn ll)t'.,r'{lt1t t-,1 .i lailurt in
,,n( ,l lll(, I)CNt sr':tr'nts (lU,,r S IVlli. !l,t' ,,tlrr T PCXI
syste nr |itn be rrstrl lrr trairsrrit tl, Ilr*lit (,,ntri)l (lata.

5.

'lhe \,I,rd 245 Mulripk,xt,r Assr rnblv. Figurt'
3 2. ( ',rrsisls rrf 20 lllug-in sttbassentblrr's. OI

tlrr sr, 20 sullasst,trrlrlrr.s. 4 are c()JnlIt rrt sulrassenrltlics
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Table

Stage

5.3-2 Telemetry Systems in the Various

Telemetry
System

IU

Saturn Vehicle Stages

Number of
Multiplexers
R&D I oper

Number of
Systems
R&D I oper
1

CIU

1

FM/FM

2

1

2

2

Cru
Mod 270

SSi FM

I
I

Mod 2?0
Mod 245

I

I

,

RDM

PCM/FM

1

RDM
IUod 410

Transmitter
nower

Frequency
Saturn IB:
225-260 MHz

Saturn
Mod 410

I

V:

20w

225-260 MHz
and

2200-2300 MHz

FM/FM
S-IVB

I

I

PCMT,FM

1

t

F1\'

3

2

SS/FM

2

FII
s-II

3

SS 1FM

PCM/FM

1

1

FM/FM

3

1

SS/FM

2

S-IC

S-IB

PCM/TM

I

1

rM/FM

2

1

SS/FM

1

PCM/FM

I

Note: CIU
RDSM

RASM
RDM

1

4
I

Mod 270
Mod 245

2

5
1
7
2
4
2
1

Mod 270
Mod 245

2

Mod 270

RASM

2

RASM

1
2

RDSM

2
1

Mod 2?0

3
1
2

unit,

Mod 245

Bosu

Mod 270

225-260 M.Hz

20w

225-260 MHz

20w

225-260 MHz

20w

225-26A MHz

20w

RDSM

Mod 270
Mod 245

RDSM

RDSM

Computer Interface Unit
Remote Digital Submultiplexer
Remote Analog Submultiplexer
Remote Digital

Multiplexer (Mod 410)

regulator unit, 1 inverter
osciilator
unit). The remaining 16 subassenrblies are multiplexer units.
(1 logic and timing

unit, and 1 driver

RDSM
Mod 2?0

2

Mod 2?0

1

and voltage-controlled

The dala units are niade up of 4 types. They
are as follows:

Two rnultiplexed channels with a sample
period of 5.7 seconds each.

Four multiplexed channels with a sample
period oI 2.9 seconds each.

o

Five multiplexed channels with a sanrple
period of 2.3 seconds each.

o

One continuous channel.

The 3 types of multiplexer units all use 12-second
sampling cycles. The different sample tinres are

separated by "dead time". The sampling cycles are
separated by longer periods r-rf "dead time". Frequency response of the input is 0 to 5000 hertz. Input
impedance is a constant 100 kilohrns. Input signal
level can be 0 to +5 volts peak to peak, or 0 to +5
volts dc. Output inrpedance is 1 kilohm at 0 to 5000
hertz. A dunirny unit is used for continuous data.

Additional timing inlormation is also transmitted using a 960 ' ?0-hertz voltage controlled reference oscillator for data reduction purposes. This is fed
into the special service channel in the SS/FM Assembly.

5.3.3

Ss/ril rItililtIRV

The Saturn SS/FM telemetry system is designed specifically for transmission of the Large volume
of vibration data Irom the Saturn Vehicle. This system can transmit 15 channels, each having a response
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The second modulator carriers are supplied
to the channel unit from the frequency synthesizer
and comb

filters.

Theee 15 subcarriers transpose

the data to an assigned frequency between 4. ?4 and
?2 kilohertz. These are ttre Iower sideband outputs
of the second modulators.
I

I
I

Both sldebands of the second modulators go to
the summing amplifier No. 1 and the 20O-kilohertz
low-pass filter where all upper sidebands of the
second modulator are filtered out. Here a 75.835kilohertz pilot tone is summed into the channel unit
outputs. The pilot tone provides a signal at the receiving station lor demodulation oI the 15 channels.

I
I

VCO

-

Vol

Figure

toge{ontrol led

5.3-2

Osci I lotor

Mod 245 Multiplexer Block Diagram

oI 30 to 30(X) hertz, for a total data bandwidth of approrlmately 45 ldlohertz within the standard telemetry

carrier bandwidth.
A basic SS/FM telemetry system is comprised
speed multiplexer, an SS Telemetry Assembly, and rf assembly similar to the FM/FM RF
Assembly. The SS/FM Assembly islused in conjunction with a slol speed multiplexer (Mod 245) to
expand its data-handiing capability by time-sharing
specific data channels. SS/FM telemetry i$ not used
in operational vehicles.
of a

SS

A.fter leaving the 200-kilohertz low-pass filter,
the composite signal is passed through a signal regulator. From the signal regulator, the composite signal
is summed wit}r the signal from the non-translated
special service channel. The frequency response of
this channel is 0 to 1200 hertz. Its normal use is to
carry a 890 to 1030-hertz synchronizlng signal provided by the Mod 245 Multiplexer Assembly for demultiplexing the signals at the receiver. The output of the
summing amplifier No. 2 is used to frequency modulate
an

rf transmitter

slol

TELEMETRY ASSEMBLY

Each of the 15 data inputs is fed to a balanced
modulator and heterodyned with a 455-kilohertz carrier
(Figure 5.3-3). The output of the modulator is fed to
a mechanical bandpass filter (455 to 458 kilohertz)
which passes only the upper sideband. The output of
the filter is fed to a second balanced modulator where
it is translated to the proper basebdnd frequency' The
baseband position is determined by the catrier supplied from ttre frequency synthesizer. The two
balanced modulators and the nlechanical bandpass
filter for each data channel make up the channel units.
The channel units are identical for all channels.

5.3-6

AII the carrier slgnals and the pilot tone are
generated internally in the airborne SS,/FM assembly
by a single 910.0z5-ldlohertz crystal oscillator. This
signal is used to drive a flip flop which provides the
455.012-kilohertz carrier signal and a lrequency
synthesizer provides all sub-carriers and the pilot
tone from the comb filters.
To provide a 3-kilohertz information bandwidth
and allow sufficient guardband, a channel spacing of
4. ?4 kilohertz is used. This spacing is convenient to
generate in the synthesizer and allows an adequate
guardband of 1.74 kilohertz. The 75.83-kilohertz
pilot tone falls just above the highest baseband frequency. It is used as a reference in the ground demodulation equipment to regenerate the basic 455 and
4.?4-kilohertz frequencies. Since the amplitude of
the transmitted ?5,83-kilohertz pilot tone is regulated,
it is also used as an automatic gain control.
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The FM/FM telemetry system frequency multiplexes the input data. The conditioned signals derived
f rom pressure, temperature, etc., modulate the frequency of the subcarrier oscillators. The combined
output of several subcarrier oscillators is again frequency morlulated on the RF carrier. Standard IRIG
frequency channels are assigned. The data bandwrdth
capabilities of these channels are sltown in Table 5. 3-3.
Slow-varylng data is applied to the low-frequency
channels; data with higher frequency variations must
be applied to the higher frequency channels' FM/FM
systems are susceptible to various sources of noise

and distortion (fluctuation noise.

crosstalk, harmonic
distortion oI the individual subcarrier signals, subcarrier data feed-through, and distortion of indlvidual
subcarrier signals due to band-llmiting Iilters), whtch
affect the accuracy oI the telemetered data. The basic
components of an FM/FM telemetry system are:
a Mod 2?0 Multiplexer Assembly, an FMIFM Assembly
and an RF Assembly.

.-

Each of the subcarrier oscillators of an FM/FM
system may be preceded by another subcarrier grouP.
Each of these "gub-subcarriers" would, in this case,
\e modulated by the actual nreasurement values. This
:chnique is called FM/FM/FM, or FM3. The technique trades bandwidth for additional channels; therefore, the frequency response of the channels is much
lower. Since another modulation stage is used, ttte
technique is less accurate than FM/FM.

A time-multiplexed signal may be fed into a
subcarrier oscillator of an FM/FM system to increase
the channel capacity. Time multiplexing consists of
sequentially sampling a number of data signals with
an electronic or mechenical commutator. The commutator output appears as a train of pulses of varying
amplitude. This technique is known as Pu1seAmplitude Modulation (PAM/FM/FM).

hertz) for transmission to the ground stations, The
transmitter provides a signal power level of approximately 20 watts.
The available standard IRIG channels may be

utilized in di-fferent ways. The system shown in the
Iigure uses 13 continuous data channels (channels 2
through 14). The input signals from the Measuring
Distributor are in the range of 0 to +5 volts dc (2 to 7
volts peak-to-peak ac when a bandpass filter is used
in place oI a channel or subchannel oscillator).
When used, FM3

signals from the Mod 2?0 Multiplexer Assembly. When
this PAM technique is applied, all IRIG channels above
30 kilohertz will not be used. The Mod 2?0 solid-state,
time-division multiplexer operates at a rate oi 3600
samples per second. It consists of 30 primary channels which are sampled 120 times per second. In
addition, 10 submultiplexers may be used on selected
main channels; each sampled at a rate of 12 per second.
The multiplexer accepts input signals in t}te range oI
0 to 5 volts dc and provides two PAM wave train outputs. One wave train modulates the ?O-kilohertz,
voltage-controlled subcarrier oscillator with a frequency deviation of +30 percent (i. e., 49 to 91 kilohertz for an input signal from 0 to 5 volts dc). The
second wave train is used for the PCM system.
RF ASSEMBLY
The RF Assembly accepts single sideband FM
and FM analog signals from ttte telemetry assemblies
and provides t}re highly-stable, close-tolerance carrier
frequency (+0. 01 percent). It turther provides the
capability of varying the carrier frequency in a manner
(+1 percent of the best straight line approximation for
125-kilohertz deviation at modulation frequencies from
300 hertz to 1.00 kilohertz) proportional to the input
signal amplitude, thereby providing an RF link from
the measurement systems in the flight vehicle to the

The basic modulation scheme and principal
components used (subcarrier oscill:ators, mixer,

ground receiving station.

power amplifier, and transmitter) are essentially
the same for the FM/FM system in each stage. Figure
5.3-4 shows a typical Saturn Stage FM/FM system.
Each ehannel receives a signal from tie Measuring
Distributor. This input signal modulates a voltagt:controlled subcarrier oscillator. The frequencymodulated signals fronr the various subcarrier

5.3.5

'scillators are combined in ttre mixer amplifier. The
\-,omposite signal is frequency modulated on a radiofrequency carrier in the VHF band (225 to 260 mega-

5.3-

I

is applied to the channels

13. A subcarrier channel of ?0 kilohertz (+30 percent) is used for time-multiplexed

above channel

PAt tUITtPLtIt]tc

MOD 270 MULTIPLEXER

The Mod 2?0 Multiplexer Assembly (time
division) is basically a 30 by 120 multiplexer (30 channels, each sampled 120 times per second) . It accepts
vpltage inputs in dre range of 0 to 5 volts (high level
data) and provides two PAM wavetrain outputs, one
(with pedestal) for input to a ?0-kilohertz +30 percent

Astrionic System
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Table
Channel
(Band)

Center
Frequenc y

5.3-3.

IRIG Subcarrier Frequencies and Deviations

Lowor

l.inrit

I

UPPer Linrit

Deviation
(lrercent

(Hz)

'7.5
r?.5

It88

.7.

5

| ,2()2

1,39u

.7.

5

5

3?0

r,300

irl rl
6?5

1, ?00

l,

5'12

1, 828

t7.

2,300

2, r27

2,i75

9

3. 000
3. 900

2,473
3,225

3, 607

4,193

l0

5, {00

4,995

5, 805

,7.5
t?,5
t?.5
r7.5

11

6, ?99

?, 901

+?. 5

13

?, 350
10,500
14, 500

1, 288
5, 588

+?. 5

l4

22,000

15

30, 000

27

16

40,000

3?,000

6
l

tt

r2

9,712

1

13,412
20,350

1

(uz1

6.0
8.4

t7.5

11.0
14. 0
20. 0

25.0
35.0
45.0
59. 0

81. 0

110.0
160.0
220.0

5

330. 0

2 50

t7.
t7.

5

450.0

43, 000
56, 440

+?.
+7.

5
5

600. 0
790. 0

75,250

5

1050.0

5

1395.0

23,650
32,

,750

Response r

7.5

430
i;02
785
1, 032

400
560
?30
!rl,i)

)

F requenc v

t7

52, 500

48, 560

18

70,000
93,000

64,750
86,025

99,9?5

t7.
t7.

18, 700

25,300

r15

B

22, 000
30,000

25, 500

34, 500

+15

C

40, 000

34, 000

46,000

t15

60, 380
80, 500

r15

1600.0

rl5

2100.0

106,950

i15

91,000

r30

2?90. 0
4200. 0

19

Aft
D

52,500

44,620

E

?0,000

F

93, 000

59, 500
?9, 050
49, 000

xttt
t
tT

70,000

660. 0
900. 0
1200. 0

Frequency response is based on a deviation ratio of five'
that center
Increased deviation bands A through'X nray be employed by omitting other bands of
frequencY and the following bands:
Band

Used

Omit Bands
13, 15, and B
14, 16, A, and C
15, 1?, B, and D
16, 18, C, and E
1?, 19, D and F
18 and E

16, 1?, C, and D

ttt Utilizea {or PAM

FM. FM ilnd is not a standard IRIG ehanne}'
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FM./FM subcarrier and a second (without pedestal)
for the PCM//DDAS Assembly. A block diagram of
the Mod 270 Multiplexer Assembly is shown in

Figure 5.3-5.
A time-division multiplexer consists of three
nrajor parts: a set of switches or gates for each output channel, a tinring device (logic renerator), and
a l)ower suppiy.
The gates, acting as electronic switches,
sequentially connect the data inputs to the multiplexer
output on commands from the timing circuits.
The 6ming, or logic, circuits provide the
signals which open and close the data gates at the
desired times and in the desired sequence.

Multiplexers are normally located in proximity
to data sources in order to minimize cabling weight.
Each multiplexer houses sampling gates for up to 234
data channels. By means of flexible plug-in modules,
variations in numbers of channels and sample rates
may be accomplished within the multiplexers. These
multiplexers also accept pre-sampling filters where
required for specific measurements. Remotely located
submultiplexer assemblies may also be used to
increase the capacity of each individual multiplexer
to 270 channels.
Twenty-seven of the lhirty primary channels
are data channels while the remaining three are utilized
for amplitude references and PAM frame identification.
Ten-channel gate modules, which plug into the assembly,
may be used to submultiplex primary channels 1 through
23. Each of these 10 sub-channels then provides a
sampling rate of 12 times per second. Aay number of
t}le 23 channels may be submultiplexed or utilized as
120-sample-per-second channels. When used at the
primary sample rate, a submultiplexer "dunrmy" card
(or a pre-sampling filter if required) is inserted in
place of the submultiplexer module. The lour remaining primary data channels (24, 25, 26, 27) are
always utilized as 120-santple-per-second chzurnels.
Each of the 27 primary data channels may be submultiplexed external to the basic assembly. I

A zero amplitude reference is inserted on
channel 28 of the output wavetrains except in the frante

corresponding to sub-channel 10, where a 5-volt
amplitude reference is inserted to provide master

frarne id€ntifi.cation. Channels 29 and 30 carry a
5-volt reference level and are bridged together to
''orm
PAM frame identiJication. Except for the channel 29-30 bridge, aLl channels are inserted as 50
percent duty cycle pulses on both output wavetrains.

5. 3- 10

A zero pedestal oI L.2 volts is added to fte wavetrain
output applied to the ?0-kilohertz VCO of the pAM/
FM/FM telemetry system. The output wavetrains have
a pulse rate of 3600 pps.
A calibration generator, located in the assem-

bly, provides in-flight calibration capability. Calibration is initiated by an external command which in
the Saturn telemetry system is provided by the TM

Calibrator (Mod II). When a calibrate command is
received, the calibration generator delays its sequence
until the beginnirg of the following nraster frame. It
then applies a sequence <lf five calibration voltages
to all data channcis (channels 28, 29, and 30 are
unaffected by the calibration). The calibration voltage
levels are in order: 0, 25, 50, ?5. and 100 percent of
full-scale data voltage. Each voltage leve1 is sustained
for one master frame (83.4 miiliseconds), requiring
approximateiy 400 milliseconds for the complete
sequence. Paragraph 5. 3. ? describes tfie calibration
function in greater detail.
Internal logic functions of the Mod 270 Multiplexer Assembly operate from its internal 3600-hertz
multivibrator clock However, the sample and Irame
rates can be synchronized to external puLses of the
correct frequency and waveform. In tJre Saturn telemetry system, these synchroni.zing signals are provided
by the Mod 301 PCM/DDAS Assembly. The synchronizing waveforms consist of a 3600-hertz square wave
and a 4 pps pulse approximately 2?8 microseconds in
duration occurring during channel one of each 30th
frame.
The Mod 270 Multiplexer Assembly also provides synchronizing signals as outputs. These are
identical to the waveforms previously described,
except the frame sync pulse has a repetition rate of
12 pps instead of 4 pps. See Figure 5.3-6. These
synchronization outputs are normally utilized to control remote submultiplexer packages.
The subnrultiplexers are composed of selection
gates that subdivide the nrarn multiplexer channels.
Ten submultiplexer channels are connectt,d to each
,nain multiplexer channel, thus retftrt.ing thc sanrplinL
rate from 120 per second to 12 1>er secorrdEach gate functions in the following manner:
The input side oI a gate is tied to the data to be
sampled, and the output side is tied to the nrain
multiplexer channel. The nornrallv open gate closos
upon application of a current pulse to the tlansfornrer
to allow information to pass through to the nrain multiplexer. This current pulse ls obtained by grounding

/
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Mod 270 Multiplexer
234 Chonnels
iAnolog Doto

x 'l 20 Multiplexcrs
I0 x I2 Sub -multiplexen
30

Low

Poss

Filler

on 5elected Moin

Multiplexer Chonnels

Mixer
Amplifier

I
I

I
I

Chonne

I

s

3 through 13
I

I
I
I

Note:
VCO = Voltoge -Controlled Oscillotor

!
L----

FM/FM ASSEMBLY
Chonnel

14

ilr,!t lI?8A

Figure 5.3-4 Typical R&D FM/FM Telemetry System Block Diagram
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Ch

l-l
1-2
I -10

PAM to
PCM,/DDAS

Telemetry
Assembly

PAM to

ch3

70

kllz

VCO
Externol

Colibrotion
lnput

ch

24

Sync from
To

PCM,/DDAS

Alt
Gotes

Reference

Externol
Col

&

Froming Pulse

Commond

Logic ond Gotes

Externol

5 Vdc
Ref
tBM BI85A

Figure 5.3-5 Mod 270 Multiplexer Block Diagram
one side of the transformer and connecting the other
side to ttre decoded output of the "T" colnter.

The gates are connected in columns of ten,
and aII outputs of a particular column are connected
one main multiplexer channel input.

to

to the main multiptexer board. An RC load mounted
on this board (the same as on all subnrultiplexer cards)
prevents data spikes from being passed through.
The characteristicS of the Mod 270 Multiplexer
Assembly are given in Table 5.3-4.

when 5.3.6 PCil/DDAS ItLtt[tTRY

The submultiplexer "dummy" card is used
a sampling rate of 120 times per second is required.
This card, used in place of tfie submultiplexer card,
provides a direct path from the data being sampled

SYSIttl

The PCM/DDAS telemetry system serves a
dual purpose in the Saturn Launch Vehicle. This

5. 3-1
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Table

5.3-4

Mod 2?0 Multiplexer Assembly

Performance Characteristic

s

Frome

Characteristic

Io--+l

Specification

Time Stability

cht

Clock rate

3600

Duty cycle

Linearity (best straight line)

Hz n zio

139ps
i 0. t%-

,57o

PAM
Wovetoin
3600 Hz
Sync

Accuracy
Output of amplifier (witlout
pedestal)

* 0.

Output of amplifier (with pedestal)

, 0.5%

L%o

l2pps
Sync
lllu

1.2Vi50mV

Pedestal stability

Ileverse Current (all channels at 5 V
except channel under test which is
shofi circuited)

tJl86A

Figure 5.3-6 Mod 2?0 Multiplexer Assembly
Waveforms
2

pA (max)

o

Mod 410 Remote Digital Multiplexer (RDM)

r

Mod 270 Multiplexer Assembly

Input Impedance of Channel (excluding
100k input termlnating

resistor)

Output No. 1 (without pedestal)
Output

ho.

2 (with pedestal)

5 megohm(min)
100

o

(max)

system functions as a telemetry link for digital data
(PCM/FM) and as a part of the DDAS. PCM/FM
is requirecl on the Launch vehicle in order to obtain

sufficient accuracy, with acceptable bandwidth efficiency, for digital data transmission from data
sources such as thb LVDC. This accuracy is possible
beiause of two main reasons: Iirst, the scheme
requires no digital to analog conversion for digital
and discrete inputs, and second, transmission of a
serial bit conliguration allows a good signal to noise
ratio for a weak and deteriorated signal received at
a distant ground station.
Before launch, PCM/DDAS also provides measurements to the launch computer in the ground checkout stations via coaxial cable.
SYSTEM COMPONENTS
To provide

o A Remote Analog

Submultiplexer (RASM)
which may be used with a Mod 270 Multiplexer Assembly (S-II Stage only)

2k (max)

flexibility, the system is built up

rom several assemblies which may be combined as
required in a partieular stage application. The fotlowing assemblies may be used to build up a PCM/
DDAS telemetry system:

o

Computer Interface Unit (CIU)

.

PCM/RF Assembly

The Mod 301 pCM/DDAS Assembly is the
central piece of equipment in both the telemetry link
and the DDAS link. It provides the output signals for
telemetry ald autontatic checkout.
The Mod RDSM-1D Remote iligit"t Submultiplexer is used to connect digital data sources to the
Mod 301 PCM/DDAS Asserlbly.

The Mod 410 Remote Digital Multiplexer is
used in the IU to connect the LVDC digital data, and
discrete sources to the Mod 301 PCM/DDAS
Assembly.
The Mod 270 Multiplexer Assembly is used to
connect analog data into the Mod 301 PCM/DDAS
Assembly.

f
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The RASM may be used to submulti.plex data
being fed through the Mod 270 Multiplexer Assembly
(on the S-II Stage of the Saturn V Vehicle only).

r

Mod 301 PCM/DDAS Assembly

o

Mod RDSM-lD Remote Digital Sub-

The CIU allows the LVDC, operating through
the LVDA, to read selected lneasurement data which
is being transmitted through the Mod 801 PCM/DDAS

multiplexer

Assembly.
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The PCM/RF Assembly contains the signal
conditioner, power amplifier, and RF transmitter
for the telemetry link.
SYSTEM USES

During preflight checkout, the telemetry system presents digital clata 1)ver colxial cables to one
or more locations remote from the vehlcle. These
measurements are available to digital computers in
real time through a special data-receiving lacility
interfaced with the computers, The data-receiving
facility also provides outputs for display of selected
channels in either digital or analog form for visually

determining the status and readiness of vefiicle gubsystems and tape records the DDAS inputs for analysis
at a later time.
During the Launch, earth orbiting, and lunarinjection phases, there are times when inJormation
processed by the LYDC is desired at the ground station. Since the information to be telemetered is
dependent on particular missions and has a random
characteristic, provision will. be made in the telemetry
to accomodate these outputs. Specific PCM telemetry
system channels are assigned to accommodate the
LVDA 40-bit outputs. The assigned channels are
sampled at a rate of 240 times per second.
The LVDA identifies valid data by the presence
of a validity bii which has no significance to tle telemetry but is transmitted as part of the data telemetered
to the ground. The ground computer automatically
determines the existence of valid data by recognizing
the validity bit in a data word" The validity bit is
present with the valid data for at least 4. 5 milliseconds
to ensure. at least one transmission of ttre valid data..

During fiigh! the DDAS function is performed
between the telemetry system, LVDA, and LVDC.
Upon request, data in digital form is made available
to the LVDC during flight and is used by the LVDC
to perform velicle checkout.
The telemetry system in the S-IVB/IU functions
launch,
earth or.bit, and lunar-injection phase
during
of the mission. During these phases, periodic checks
are required of t}le vehiclets performance or operating
status. This is accomplished by inserting specific
segments of the telemetered information into the computer.

During orbital checkout, which is initiated by
a command signal to the LYDC via the IU command,
the LVDC requires a real-time value of measurements,
which are part of the total measurements being telemetered by the S-IVB/IU Stage telemetry system.

.

Selective transfer of measurement vafues
from the S-IYBAU Stage telemetry systems to t}re
L\fDA is accomplished through the DDAS/Computer
Interface Assembly. This assembly contains the
tlming and compa.rison logic necessary to separate
the selected channel from the IU PCM/DDAS format.
A time division multiplexer, located in the S-IVB
Stage, trarufers S-M measurements needed for
checkout and mission control to the IU PCM/DDAS
Assembly.

The LVDA signifies the speciflc data channel
to be tfansferred by means of a 12-bit channel address.
Upon receipt of a "data-request" signal from the
LVDA, the DDAS,/Computer Interface Assembly
lnitiates a tranqfer sequence which consists of:

o Awaiting

the next appearance of the
signified channet in the PCM/DDAS
format.

r

Writing the data sample lnto a 10-bit
holding register within the assembly.

r

Providing a "data-ready" signal to the
LVDA indicating that the selected data

is available.
So long as t}te "data-request" signal remains
at the request level, subsequent samples of the selected channels are transferred into t}re holding register
as they appear in the format of the PCM/DDAS Assembly. When the LVDA returns the "data-request"
sfnal to the standby level, the last value transferred
remains in the holding register until another transfer

sequence

is initiated.

When the LVDA receives the "data-ready,
signal, it branches to a sub-routine which operates to
transfer the data from the telemetry output register to
the LVDA. Synchronization between the telemetry
system and the LVDA is aecomplished in the following
manner: Each time the telemetry recelves an address
from t}re LVDA, Iollowed by a valid "data-request"
signal, it recognizes tiis input as tlre initiation of a
new data-seeking cycle as well as a signal to read in
the data. Upon this reco{Inition by telemetry, lt lirst
resets its output data register and then begins eeeking
the data requested by the LVDA. The LVDA and LVDC
ensures that a new address with a valid reed bit is not
generated until data from the telemetry output register
has been received in response to the previous address.

MOD 301 PCM/DDAS ASSEMBLY
The Mod 301 PCM/DDAS Assembly performs

six major functions as follmrs:
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r

Scans the PAM wrvetrelns of severrl
(1 to 6) Mod 2?0 PAI\,! Muluplexer Asgembleg ln e programrned oequence rnd

comHnce tltcae

rravctnlr

tnto

r

rtlryle

PAII rrvctrrln

r

Encodor tlre PAIII umplee tn thlr \xtrvGtr.ln tdo 10_ut drgttr"l form.

I

Acccptr drtr in dgltal form md pro'Srrmr lt lnto rclccted flme clots ln the
ouEut .Grlel lormsl

r

Gemrrtcr thc rcquired frrme rnd mrster

.
r

lnmc tdcn8flcetlon codeo, comblner
tbcro codca slth thc dlgftd end encoded
rnlo3 drtq rnd urrnges the declred
rcrld lornrt lor orlPut.
Provtdcr

r 00O-tdloltertz FM modulated

otrrlcr ee thc DDAS orQut, and rn I'IRZ
modufrttf orr$ut for the PCMIRF
Arsembly.

'r

Frorrldcr the almchrqrlzetlon outputs
noce868ry to rynchronlle tha Mod 2?0
Multiplexar Aesenblies tnd remote
dlgttal multlPloxere.

r

Provldet a ptrellel dtgital ou@ut to
the CIU.

Ftgurc S.8-? la

r

lunctlonel block diagram of

thc tlod tOl PCM/DDAS Araembly. It is composed of
thc alx luncflorl cubayrtame listed below:

o

FAM

tclfir.r

(rnd associated program

Psteh).

I
r

Anrlog-to-drcltal converter.
Dfettal nulHplextrg and formadng loglc.

o Ctock pfogiremming and tlming logic.
o DDAS voltage gontrolled oscillator.

r

Porer

auPPllea.

8crm. The PAld tcanner connectg otre or
nono XoA i?0 Uultilexer Asaemuy outputa ln a
Dfogrrnrntd sequcnce to the ADC tr4rut for digtHzing
B, betrt d dre gcenner progr.m patch, auy multipl68rr rf,Iaryencrt compotlHe wlth the lystem apillct[dd cen b! rccomodated Up to three multiplexer
sfttqiGl[cntl (nodos) may be progranned at the
rc.trEr pdchr rnd tbe eutomaflc gvttr,hing between
aorDt lr roalompllg&ld by e[Elylry externel 28-volt

#PAX

.--dd

codm$dtr

t.t.l{

rcrnmr grtat rrc {-trrnsletor, bck-tobcl brlrocal corosuntlou rhlctt ewltch both legs
d the PA[,I clrcult d eech PAf,[ muldplexer. The
hnrformor capltttg d the srltehlng loglc input of
th ntca provl&e I hvoreHc lnpedance condtlon
tor the PAM signals.
Thc

The PAM acenner and program patch are peckaged on printed circuit cards which plug into the Mod
301 PCMIDDAS Assembly.

Anelog-to-Digital Converter. The analog-to-digital
converter encodes Ore PAM stgnel,e received through
the PAM acurner by the euccesglve epproximatlon
method. Thc digital output is fed ln parallel form to
a parallel etorege regiEter accordlng to commands
recelved from the progremmlng and timlng loglc.
Flgure 5.3-8 ehmg a functional block di,agram of
the ADC. Its operetton [e non-eynchronous (not
synchronlzed wlth other parts d the eyetem) end at
a clock rate of ,.pprqlmltely 250 kllohertz which is
provlded by e blocking oscillator.
Encoder eommand puleee at the system word
rete ere prorrlded by the programming logic. When
an encode commanrd ls recetved by the ADC, it begins
an encode cycle at tts orn clock rate; tlds requires
approxlmetely 56 microseconds. At the end of the
cycle, the ADC regleter grltches have been set to the
dgftd equlvalcnt of the enrlog quanflty present at the
hdfer lnprt durtng the encode cycle. The logic levels
from the regleter gwltchel provlde a parallel dlsftel
orQut untrl the next encode commend arives. The
register ewitchee sre then reset and a new encode
cycle follows.

Digit4l Mqltiplexing and Formattlng Logic (See Figure
5,3-9). The function of the digital multiplexing and
formatting Iogic is to combine t}te encoded date from
the ADC, externally generated digital data, and frame
(and master frame) identlJicatlon words lnto the requlred ou$ut aequence. The speclfic time slot into
whieh data is inserted ls controlled by command
pulses from the programmtng end tlmtng logic. The
10-btt ou$ut of the ADC ls transfered into the parallel
storage regtster by each word rete clock pulse (so
Iong as t}te encoder inhtbit bus ls unenergized). When
the encoder tnhtbit bus ls energized, t}re ten AND gates
at the ADC output ere dlsebled, and the ADC output is
not translened lnto the parallel atorage register.
Up to ten 10-blt grotrps of dglt l data from
exUernsl aourcet cen be progt8mm€d lnto selected

flme slot! rt any of the forr system sampllng rates.
The data ls accepted in puatlel. A sero-volt level
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Figure 5.3-? PCM/DDAS Assembly Block Diagram
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I
represents a logical "0" end a positive level represents
a logical "1t'. Inputs are buffered and then shifted
into e magnetic core reglster before being transferred
the parallel storage register. The MCR providee
-.rnto
temporary storrge and dc lsolation of the deta Eource.
Eech MCR, atorg vlth lts ten escoclrtod hrffers end
other clrculte, le porered by en tndividual supply
which ia dc teolrta0 Thlc permtts monitorlng of
several digltal datt sourcee wlthotrt interconnecting
their dc commonr.

To incrers€ the deta handling capacity, the input
Eection may be fed from l0-ehennel remote digital

multiplexere.
A WruTE comrnand to an MCR cluaeg the l0
bits of detr to be stored in the magneHc cores. The
WRffE commtnd is programmed (at the commlnd
program patch) to occur before the time for trenefer
sf the date into the PSR T1rylcally, the command
occurs durlng tJte previous word flme, but it can be
programmed to occur at any word time after the
prevlous sample of the specific channel ls read into
the PSR For example, severel 10-bit deta sets can

1'hs dtgitel input secUon has 10 channels. Each

will

channel

accept

a 10-bit input in parallel form.

B/W Cor.rntcr
Stotcr fiom

Scriol NRZ

8 Lincr

PGAAR

io
ADC Ourpur

l0

PCffiF Asy

Lines

To DDASACO
72

lnhibit

k{z Clock

(Bit Rote 2)
Bus

Encoder

Gote

Word Rotc

Clock

Rcod
Comrnond

Wrltc
Cornnnd

lClO

Bltr

I

Extcrnol

I

Disitol

I
I

Doto

To

clu

I

l0 Linc

l:

Counts from

Cleor Pulse frqrr
Timing Logic

PGM//NG

1BM BI82A

Figure 5.3-9 Digital Multiplexing and Format logic
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be written into their N!CR's sinrultaneously and then
placed into specific tirne slots in the outl>ut furrrrat.
This nrode of operation is utilized in monitoring a
40-bit set of data from the LVDC.

The READ eommand to the MCR is timed to
transfer the data into the output register during the
least significant bit tinre of the previous word time.
READ commands are also OR'd together to provide
a function for inhibiting the transfer to ADC data
through the encoder gate.
The frame identification logic generates three
unique code groups and inserts them consecutively
during the last three u,ord times of the PCM,/DDAS
frarne. Once each 30th frame, the frame ID logic

receives a signal fronr the franre ID revt,rsal fliir
signal causes the franre ID logic to complement (reverse) all bits in the frame ID code of
,
the 30th frame. This forrns the rnaster frame identification code. The code group is as follows:

Ieast significant bit is transferred to the NRZ ilip flop
and resets all 1.0 stages of the PSR. The second pulse
(READ clock) provides the correct tinring phase for the
transfer of data into the PSR from the ADC. the frame
ID logic, or an MCR The third pulse (WRITE clock)
provides the proper phasing for writing external digital
words into the MCR's. This pulse also signals the
ADC to proceed with digitizing the succeeding analog
signal.
The reset pulse of the B,/W counter steps the
group counter. This pulse occurs during ttre 22 Ult
time because of offset in the serializing logic. This
allows settling time ior the analog data inputs. (which
are gated by the scanner in synchronism with the group
counter) before the ADC begins digitizing. The group
counter is a divide-by-two counter (one flip flop).

flop. This

Word 298
Word 30A

Word 308

1011011110
r010001001
1100000110

The serializing logic shifts the contents of the
bit-by-bit into an NRZ flip flop, thus forming the
serial NRZ output. The states of the bits per word
counter are decoded, combined rvith the PSR outputs,
and clocked to provide set-reset pulses to the NRZ
flip flop. The two complementary outputs of the NRZ
flip flop are bulfered and provided at an output connector for use as a modulating input to the PCM/RF
Assembly. One side of the NRZ llip flop provides a
nrodulating input to the DDAS,'VCO.

The reset pulse of the group counter steps the
channel counter at a rate of 3600 pps. This consists
of a divide-by-five counter and a divide-bv-six counter
which together form a divide-by-thirty counter.
The reset of the channel counter steps the
divide-by-ten frame counter and the divide-by-three
multiplexer counter. Both of these counters are
stepped at the PCM/DDAS frame repetition rate of
120 times per second.

PSR

Clock, Programniing, and Tirning l,o$rc. (See Figure
5.3-10) The clock, prograrnming. and tir:ring logic
provides the tirning signals neccssary for the Mocl
301 PCM/DDAS Assenrbiy as well as signals required
to synchronize logic in other telenretry assemblies.
One phase of the 72-kilohertz clock provides
bit rate pulses to the serializing logic while the other
phase steps the B,W counter. The outputs fronr each
trigger of the B,Ail r:ounter are decoded in the serializing logic and used to select stages of the PSR to form
the serial bit train which controls the NRZ flip flop.

Count "2" of the B W counter is decoded and
initiates a series of three successive tinting pulses
which are 1.75 microseconds apart. The first (clear)
pulse occurs approximately 2 microseconds after the

The 4 counters define each tinre slot in the
format. The divide-by-two {roup counter
provides the tiniing lor the interlacing of two rnultiplexer
groups. Each group is comprised oI up to three Mod
270 Multiplexers which are controlled by the divide-bythree multiplexer counter. The divide-by-three nrultiPCM,/DDAS

plexer crounter provides tinring for the sharing of
specific nrainlranre tinie slots. The ctivide-by-thirty
channel counter steps in sychronisnr with the sanrpling
action of the 30 by 120-channel analog gates (each
sanrpled 120 tinres lrer second) in the NIod 2?0 I\{ultiplexer Assenrblies. The divide-by-ten frante counter
steps in svnchronisnr with the 10 by 12 sublnultiplexers
(10 gates sampled l2 times lter second).
The counts of each of the 4 counters are decoded
and routed to the comnrand program patch. A progranrming arrangenrent provides selection of READ and
WzuTE comnrands corresltonding to slrecific time slots,
These cornmands provide the tinring signals to the
MCR's necessary to place external digital data inputs
into a specilic iolnrat. Dr.coded outputs of the group
counter and multiplexer counter are also routed to
provides selection
the scanner program patch,
"r'hich
oI the rnultiplexer scanning sequence. Up to three
multiplexer-scanning sequences rnay be progranrrned
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Figure 5.3-10 Clock Programming and Timing Logic Block Diagram
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5.3-18

Astrionics System
Secti<ln 5.3

-'

on tlle scanner program

patch. A specific sequence
is selectable by an externally generated tnode comnrand. The mode cornmands are 28-volt dc signals
Ironr GSE, the vehicle command, or other sources
appropriate to ttre application (Note: Mode 1 does

at 50 mA. The + 6 Vdc output provides collector voltage to the programming, timing, and scanning portions
of the Mod 301 PCM/DDAS Assembly. The - 6 Vdc
output provides base bias voltage to the same circuits.

not require application of an external mode command

The +18 Vdc and *5 Vdc card accepts, regulates,
and converts 28 Vdc to +18 Vdc and +5 Vdc. All circuit
returns on this card are common. These voltages are
used in the non-critical and digital circuits in the ADC
(encoder) section of the assernbly.

voltage.

)

The control logic also generates 3 sets of waveforms used for synchronizing logic in other assemblies
to the clock and frame rates of the Mod 301 PCM/DDAS
Assembly. T\po sets of waveforms provide the correct
waveform shape, frequency, and phase for synchronizing Mod 270 Time Division Multiplexers. The two
waveform sets are identical except for the offset in
phase necessary for interlacing group A and group B
multiplexers. Each set consists oI a 3600-hertz
square wave and a 2?8-microsecond pulse with a
repetition rate of 4 pulses per second.
The third waveform set consists of an output
from each stage oI the divide-by-ten frame counter
and a 3600-hertz square wave. This set of waveforms
is utilized to synchronize renrote digital multiplexer
assemblies (Model

410)

.

Oscillator. The DDAS/VCO
provides an FM modulated carrier (600 kilohertz)

DDAS Voltage Controtled

for transmission of the PCM/DDAS signal (via coa-xlal
cable) to DDAS receiving equipnrent.
A 600-kilohertz translstor multlvibrator is bias
serial NRZ data. An anrplifier
preceding the rnultivibrator pt'esents an inrpedance
of approximately 50 kilohms to the NRZ data input
and also provides a non-linear nrodulating characteristic which makes tie irequency deviation relatively
insensitive to variations in the input data logic levels.
A frequency deviation of approximately + 35 kilohertz
is used.
modul,ated by the

A conrnron-collector buller stage drives

filter which is designed to remove harnronics

f

a

ront

the multivibrator output
Power Supplies. There are six separate power
supplies used in the Mod 301 PCM/DDAS Asseurbly.

A 28 Vdc-to-28 Vdc converter reguLates the
primary 28 Vdc power to the assembly and isolates
the digital return in the Mod 301 PCMIDDAS Assembly
from the vehicle 28 Vdc return line. It supplies 28 Vdc
,r l percent at a nominal 25 watts output to the remaining power supplies in t}te system.
The 6 Vdc card accepts + 28 volts from the
converter and provides . 6 Vdc at 250 mA, and - 6 Vdc

The -9 Vdc supply card provides bias voltage
for the encoder section of the Mod 301 PCM,/DDAS
Assembly.

The +15 Vdc regulated supply obtains its input
voltage from the +18 Vdc supply. The +15 Vdc ls used
as the reference voltage from which the comparison
voltage is derived for the ladder network in the encoder,
The + 12 Vdc.supply is a simple Zener-resistor

divider. It is used to provide bias voltage for
circuits on command program patch

the

B.

REMOTE DIGITAL SUBMULTIPLEXER
(MOD RDSM-lD)

The Remote Digital Submultiplexer provides
additional digital data handling capability to the PCM
telemetry system. A nraxihlunl of 100 inputs aro
provided (see Figure 5.3-11). These inputs are sarnpled sequentially in groups of 10 and then applied to
an output register with 10 outputs. The inputs may be
utilized individually or in groups to forrn digital words.
The RDSM handles digital or discrete information only;
i.e., its inputs and outputs are set voltage levels whic.h
represent either ON-OFF conditions or binary nunr-

bers.
The PCM programmer located in the Mod 301
PCM/DDAS Assembly controls the sequential sampling
action oI the RDSM. The control signal consists of
4-bit binary word which arrives in parallel format
and represents timing inJormation.

a

The RDSM provides a high degree of flexibility
of application by use of isolated input gates and isolatcd
power supplies. The unit has two isolated powcr
supplies; regulated 20 Vdc and + 5 Vdc gate-coilector
supply. The regulated 20 Vdc is derived from the
28 Vdc vehicle supply by a dc-to-dc converter. The
+5 Vdc gate supply is developed on each gate card by
rectifying and liltering the 3600 pps clock signal fronl
the PCM programmer.
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The binary inputs tr.i word gates are 0 r 0. 5
.
volt for a logical "0" input and ? t 3 volts for a logical
.- f "1" input (in a Type IV RDSM, a logical "1" input is

approximately 28

Vdc).

cuits within the assembly. It should be noted that dc
isolation is not required between the LVDA and the
assembly logic circuits.

The binary outputs from the

RDSM and the PCM programmer are the same,

0.5voltand5 tlvolts.

0t

An auxiliary card is available with the RDSM.
It may be added to the unit to adapt it to a speci.fic
input. This arr:riliary card is a divide-by six card
which has an output signal that is used to cycle
the liquid level measuring system.
REMOTE DIGITAL MULTIPLEXER (MOD 410)
One of these assemblies will be utilized in the
Instrument Unit to take the 40-bit (paraliel) words
from the LVDC/LVDA and provide l0-bit words at the
output to feed the LVDC words into the Mod 301
PCM/DDAS Assembly for transmission to the ground.
Another Mod 410 Assembly will be utilized for otler
digital and discrete inputs.

A detailed diagraro is given in Figure 5.3-IZ.
There are 40 data input bits from the LVDA which are
fed into the MCR cards for storage and subsequent
insertion into the proper time slots of the system format. These time slots will be determined by the
command program patch. From the Mod 301 PCM/
DDAS Assembly multiplexer, there are two sync pulse
inputs to the 410 timing logic; a 3.6-kilohertz group
sync pulse, and a 4-hertz master frame sync pulse.
Delay circuits in the timing logic provide the correct
sequencing of the wri.te, clear, and read commands.
The timing Iogic also steps the 3, 5, 6, and l0
counters. The outputs of the counters are decoded by
the command program patches A and B to provide
assembly timing which is sulficient to accurately
deline the occurence of time slots in the system
f ormat.
DDAS/COMPUTER INTERFACE UNIT

A system interconnection diagram for the
DDAS/Computer Interface Uni+" is illustrated in Figure
5.3-13. Figure 5.3-14 is a block diagram showi.ng
logic and circuit arrangements for the DDAS/Computer
Interface Unit. Positive true logic levels and positive

The timing and resetting logic circuits derive
ttte common reset for the counter array and a clock
of the correct phase for transfer of data into the holding register from t}te synchronization signals.

The counter array consists of three binary
counters (A, B, and C) each having an internal reset
which provides a recycle each 30, 10, and 3 counts,
respectively. Each counter is also reset to a count
of I by the common reset from the timing and resetti.ng logic.
Counter A consists of 5 flip flops, arranged
to provlde a divide-by-thirty binary counter. Its
input consists of the restored 3600 pps synchronization input to the assembly. At the end of count period
30, counter B is internally reset to a count of l. The
internal reset of counter A is also provided as an input
to counters B and C.

Counter B consists of 4 flip flops con{igured
as a divide-by-ten binary counter. Its input is triggered 120 times per second by the internal reset of
counter A. At the end of count period 10, counter B
is internally reset to a count of 1.
Counter C consists of 2 flip flops configured
as a divide-by-three binary counter. Its input is

triggered at 120 times per second by the internal reset of counter A. At the end of count pbriod three,
counter C is internally reset to a count of 1.
The twelve address lines from the LVDA are
and logic tevels are transposed to the
internal logic levels of the assembly. They are then
compared to the states of the counter array by three
compa.rators and two zero detectors.

first buffered,

Compa.rator A compares address bit 1 with
waveform b, and address bits 2 through 6 with ttre
states of flip flops one through five, respectively,
of counter A.

circuit triggering is assumed.

\.'-

The buffer and dc isolation circuits provide
the required input impedance to data and synchronizing
signals from the PCM/DDAS. The circuits also contain magnetic coupling elements which provide isolation
between the circuits of tne PCM/DDAS and other cir-

5.3-20

If address bits 7 through l0 are all in t}re zero
state, zero detector No. L provides an output which
is combined in the OR gate OR1 with the output of
comprator B. Hence OR1 provides a true output for
eitler an in-register, or all zeros condition of the
four address bits.
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12

Comparator C compares address bits 11 and
with flip flops one and two, respectively, of cqrnter

PCM/RF ASSEMBLY
The Model

C.

II PCM/RF Assembly

uses the

PCM pulse train from the PCM/DDAS Telemeter as

U address bits 11 and 12 are botit in the zero
state, zero detector No. 2 provides an outpu[which
is combined in OR gate OR2 with the output of comparator C. Hence OR2 provides 4 true output for
either an in-register, or all-zeros condition of address bits 11 and 12.

for a vN carrier. The unit ls ali solidstate circuitry except for the regulated tube-type
power amplilier.

The zero detector provides a means by which
the address bits may instruct that the status of either
(or both) counter B and C be disregarded- This will
provide access to the various sanrpling rates of the
PCM/DDAS. The outputs of comparator A, OR1, and
OR2 are applied to tfie data entry AND gate (AND1).
The in-sync detector provides a check of the correct
synchronization state of the counters and prevents a
transfer of data from occurring when the assembly
timing is not synchronized with the PCM/DDAS. The
output of ttre in-sync detector is then applied to ANDI
as a synchronization Pulse.

the positive-going and negative-going input excursions
into corresponding positive and negative output
voltages. This fIlp-flop circuit maintains the positive
or negative voltage output until it is changed by the
next input excursion of the opposite polarity. These
positive ot negatiye voltages are fed through a jumper
plug before being used as the modulation to the trans-

modulation

The double-ended pulse train from the PCM/

is first fed to the PCM signal conditioner (see Figure 5. 3-15). This module translates

DDAS Telemeter

The data request signal (after tmffering and
logic level transposltion) is also applied as a true
logic level to AND1. II the in-sync detector output
t
to ANDI is true, ttre next "comparison true" signal
then activates ANDI and a clock pulse passes through
to clear the holding register. AJter a delay of a few
microseconds, the data inputs are gated into the holding register. The gating pulse also triggers tle monostable multivibrator, which provides a "data ready"
signal to ttre LVD.{

Seriol Oufput to

mitter module. The jumper plug is located on an
external connector that could furnish tlte signal to
tape recorder.

a

The positive level of the two-level input causes
the crystal-controlled transmitter module to transmit
at its high-band edge, and the negative level at its lowband edge. The power of this carrier is then amplilied
and filtered to remove the upper harmonics and spurious frequencies. This results in a carrier with a

power of 20 watts,
lIH

F/RF TRANSMITTER ASSEMBLY

The UHF/RF Transmitter Assembly uses the
PCM pulse train from the PCM/DDAS Telemeter

RF

3600 pps

Address

l2

Lines

Other TM lnputs

Doio

l0

Lines

Remote Digitol

Multiplexer

Doio l0 Lines

lt od 410
rBl'r Blcl+

Figure 5.3-13 Computer Interface unit system Interconnection Diagram
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From

Reguloted

PCMlDDA5

20 Wotfs

RF Tronsmission

Power

Telemeter

To
Components

,{mplifier

t8M B24l

Figure 5.3-15 PCM/RF Assembly Block Diagram
Assembly as modulation for a 1IHF carrier. The unit
operates in parallel with the PCM/RF Transmitter
Assembly. See Fi.gure 5.3-1 for the location and
function of the UHF/RF Transmitter Assembly within
the telemetry

system. The unit uses a combination

of solid-state devices and vaeuum tubes to transmit
through the RF transmission components.
A IIHF/RF Filter serves as a bandpass filter
for the output of the UHF/RF Transmitter. The

The TM Calibrator and TM Calibrator Con-

troller function together to furnish

and control the

calibration inputs to the telemetry components. These
two units together are referred to as the CalibratorContmller Assembly. The Calibrator selects the calibration signal level and selects the component to be
calibrated. The Controller furnishes regulated power
to the Calibrator and also seryes as an interface unit,
routing and isolating all signals to and from the Calibrator.

filter ensures that noise

generated by the transmitter
is not radiated by the UIIF antenna (which, if

unfiltered. corld overlap the signd received by the
CCS receiving antbnnas).
CCS TELEMETRY

Information on the Command and Communica- as related to the Saturn Telemetry System - may be found in Section 6. 4.

The Calibrator -Controller As sembl y furnishes
six outputs for calibration of model 270 multiplexers
or FM telemeters, and three otrtputs to calibrate single sideband telemeters. Each of these units that are
to be calibrated contain circuitry to accept the calibration command and apply the calibrated signals to
their individual data channels. While up to nine com-

tion System (CCS)

ponents can be calibrated by the CaLibrator-Controller
Assembly, the full capability is not used. For clarity
of explanation, this description of operation assumes

5.3.7 IIItntTnY -CALl8nAIl0ll

that full capability is used.

The purpose of TM calibration (see Figure
5. 3-16) is to assist in determination of telemetry
equipment accuracy. This is done by furnishing selected telemetry equipment with known, precise inputs
ln place of the normally broadcast measurements signals. The normally broadcast signals are compa.red
to the calibrated broadcast signals to obtain the exact
degree of telemetry equipment accuracy.

TM calibration is used during fiight and preIaunch checkout. During flight, TM calibration is
controlled by the program of the LVDC. For prelaunch checkout, TM calibration is controlled by ESE
in the control center.
T\vo components and special circuitry in other
components provide TM calibration. The two components are the TM Calibrator and the TM Calibrator
Controller. Special circuits to accept calibration inputs are located in F2 and P1 Multiplexers, Fl and
F2 Telemeters, and Sl Telemeter.

To increase system

flexibility, all inputs and

outputs o{ the Calibrator-Controller Assembly are

routed through a Measuring Distributor. This allows
the inputs and outputs to be patched to selected telemetry equipment without modification to launch vehicle

wiring.
During prelaunch checkout, the calibration
capabilities are greatly expa.nded. Any of severa-l
preflight calibrations may be selected in addition to
t}te normal inflight calibration.
The equipment is operated in either the inflight
mode or the prelaunch mode. During inflight mode,
the telemetry equipment is calibrated by preset signals in a preset seguence when commanded to do so
by the LVDC progr'am. During prelaunch mode, tle
LVDC command may be simulated or variable calibration signals may be furnished to the telemetry equipment.
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TETEVTSIoN SYSTrrrl (SATURI| Yl

will

The Saturn V Launch Yehicle television system

The video regieter unit is a sync generator and
video multiplexing unit. This unit is capabLe of driving up to 4 cameras, accepting the video outputs of
each, and multiplexing the output at either a field,
frame, or 2-frame rate. The Saturn V system will
be multiplexed at a 2-frame rate.

be used to provide both real-time and permanent
visual data on t}le performance of certain vehicle functions. No television is planned for use on Saturn IB

operational vehicles.

A block di.agram of the vehicle and ground
is illustrated in Figures 5.4-1 and b.4-2.
Table 5.4-l lists the television system characteristics.
equipment

Figure 5.4-1 illustrates the path of the video
signal from the camera, through the video register,
to the tr-ansmitter. A description of the circuitry
follows:
The television cameras are small, having an
outside diameter of ? centimeters (2.8 inches) and a
length of 35 centimeters (13.8 inches) The Saturn V
televisibn system will include two such cameras.

r

Since there are actually 4 areas to be vlewed
in the engine compartment and onty 2 cameras, a
split fiber optic bundle is used on each camera. Each
bundle is split at the lens' end and uses two objective
Ienses. The view covered is shown in Figure 5.4-3.

The output of the video register unit is fed to
the transmitter, which is an FM system.
The ground system shor/n in Figure i.4-z
provides 2 units for recording the demodulated signal
as it is received and a system for real-time viewing.

<-Fiber Opticr

il; It
Time-Slrored

*

t-"u.t

RF

nr

/

OutprtJ

Heot Slrield

IBIiI 81]

2

Figure 5.4-1 S-IC Television Function Block Diagram
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Table 5.4-1 Saturn V Laurrch Yehicle
Television Characterlstics

Video Tape Recorder

,

Video hnduddth

5.5 MHz

Transmitter

Tepe speed

38 cm/e
(15 rn. /s)

Recorder time

96 minutee

Video hndrrt&tt

I

Modulatlon

FM

Devlatlon

10 MHz (for complete
video

Output porrer

2. 5 watts (minimum)

Unmodulated freguency

1?05 MHz + 0.20%

MHz

Video reeolutlon (hortzonal)
500 linee
of recelved pichrre

Camera frame rate

30/second

FiIm cepacity

365.8 meters/minute
(1200 feetlminute)

Viewing Monitor
Video bndwidth

Cloeed Circutt Camera Syetem

Camera light seruttlvlty

Kinescope Recorder

10. ?6 lumeru

/mebt2

Video reaolutton (horl-

8 MHz

Frame rete

39/second

Scanning

2:l Interlece

000 lines

zontal)

(1.0 foot candle)
Video bandntdth

8 MHz

Specificatlons of Televleion
Grannd Station for SuPPort
of Saturn Televialon SYstems

Parametric amplifler

db (minimum)

Gain

20

Noise figure

1.35 db

Frequency range

1700

to 1720 MHz

Frequency rarge

1700

to 1720 MEz

Gain

90 db (mfnimum)

Noise figuree

12 db (ma:dmum)

Receiver

Signal Processing and

Distrihting

Amplilier
Video bndwldth

I

Number of outPuts

{

MBz

Sequence Decoder

Video bandwidth each outPtrt

Number of outPttts selectable
Switching time

5.4-2

BI"

1to16

IBX

0.1us

Flgure 5.4-2 Televlsion Ground Recetving Station

)
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The systems used

for recording the video are

one broadcast-tlpe video recorder and one kinescope

.J

recorder. Video recorded on both of these systems
is still in a multiplexed sequence. For real-time viewing, special equipment is required (i. e. , sequence
decoder and television viewing unit).

The function of the sequence decoder is to
demultiplex the video signal and feed the output of
each camera to the same monitor. ff the sequence
decoder were used alone, the video being fed to each

Obiecfive

Flok Curtoin
Turbo Pumps

7

.

monitor would be composed of 2 frames of video followed by 2 blank frames.
To elimii'rate the ,'blinking,, picture caused by
the above signal, the television viewing unit is provided. This unit uses a storage system and command
signals from the sequence decoder t<l fill the btank 2frame time with video inlormation from the previous
frame. This gives a steady picture. The picture information rate, however, would be at 7-l/2 frantes per
second. Although the picture appears steady, motion

,

would be jerky.

Lens

r-}l\
/a,/

Fiber

Engine Centerline

Comero

II]M

813,I

Figure 5.4-3 S-IC Tentative Teleyision Optic Layout
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oPTrcAl IilSTRUilmtrATto]t
Recoverable, inflight 16mm motion picture
cameras are used by Saturn IB/V Launch Vehicles

to record specifle events (e. g. , stage separation).
The caareras are mounted in camera capsules within
eJection tubes. The complete units are located in
cloee proxlmity to the eubjects the cameras are to
record.

their
mlaslons, tlre eapsules (with cameras intact) are
prunatlcally ejected from their mounting tub6s.
Followlng thle efectlor\ camera capsule stabllization
flaps ere deployed. At an altitude of 4300 meters
(1{,100 feet), a paraballoon is inflated and causes the
stebiltzation flaps to fall away. A recovery radio
transmltter and flashing light beacon, located on tfie
paraballoorq are then turned ON. (Saturn IB capsules
do not use the beacon recovery aid.)
When the carneras have completed

After touchdowq the capsule effuses a dye
marker to ald visual sighting of ttre capsule and a
shark repellent to protect the camera capsule, pa.rabaloon, and reeovery team.
CAMERA CAPSULES
The camera capsule, shown in Figure 5.5-1
contalns 3 compartments-the camera compa'rtment,

recovery systems compa.rtment, and lens compartment. The caurera compa,rtment provides:

o
o
r
r

Rigid camera mounting
Controlled

atmosPhere

'

Camera protectlon

Control system (recovery aids deployment)

The recovery systems compartment provides the
follon ing aide:

o

Stabilization flaps

o Paraballoon
r Radio transmltter
o Ltght beacon (Saturn V onlY)
. Dye marker
r Shark repellent

The lens compa.rtment provides:

o Secure lens mounting
o Controlled atmosphere
o Lens protection
o Double bulkhead protection (against water
leaks)
The Safurn tB radio transmitter is pulse
modulated and operates ona frequency 242 megahertz
at 15 watts for a liJetime of 36 hours (20 hours on
Saturn V). The light beacon, used on Saturn V, operates at a rate of 40 flashes per minute.
CAMERA MISSIONS
On AS-501 and 502, the S-tr Stage carries two
camera capsules mounted on the structure at Positions
I and IIL From this positlorq the capsules view first
plane separatiorq J-2 engine start, englne gimballing,
and second plane sepa.ration. In addition, the S-tr
Stage on AS-502 carries 2 rings of separation tracking
aid lights on the aft interstage. The rings each contain fourteen 62-watt tramps. The upper lamps provide
S-IC camera reference, and the lower Lamps are for
t}te S-tr cameras.
On AS-502 and 503, the S-IC stage is equipped
with 4 recoverable film camera capsules. TVo of
these cameras, located on the S-IC forward interstage,
view forward during the first pl,ane sepa.ration and J-2
engine start. The other 2 capsules, mounted on top
of the IOX tank at Positions II & IV, contain pulse
cameras which view aft into the LOX tank through
fiber optics bundles. The LOX tank is lit by strobe
lights which operate at a rate of 5 flashes per second.
One strobe light provides spotlight illumination of the
tank bottom; and the otler provldes a wide beam for
general tank illumination. The strobe lights and pulse
cameras are operated and synchronized by a pulse
from the camera film marking timer at a rate of 5 per
second. The tirner also provldes for film marking in
binary code. A similar timer is used on the S-tr stage.

Table 5.5-1 summarizes the coverage provided
by the optical instrumentation system.

5.5-1
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Recovery Systems
Comporiment Cover

Porobolloon Assembly

Stobilizotion Flops

GN2 Reservior

Aft

Eulkl.reod

Control Unit Assembly

Botteries (2)

Comero Electricol

Disconnect Plug
Comero

lnsul oti on

Checkout Connector

Lens Plote

Quorrz Viewing
Window

Figure 5.5-1 Typical Direct-View Camera Capsule
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Table

r---.J

Location of

Film Cameras

Saturn Onboard Motion Ptcture Coverage

Coverage Provided

Top oI8-IB Stege

S

between Pocitiona

and

I&trandIU&IV

5.5-1

-IVB separation
J-2 engine start

-[87'S

Top of S-IC LOX
tank at Positlone

Interior of tOX tank

S-IC forverd lntcrstage at Positions

S-IC/S-U separatton
and J-2 engine start

No. of

Frame

Cerneras

Rate

Runni.ng

Tlme
(seconds)

Vehicle

Effectivity

Illumination

2

t28

29

2

5

226

502,

503

Strobe lights

2

100

27

502,

503

Natural with
separation
tracking aid

201,202,

2O3

Natural

II&rv
I&Itr

lights

S-tI thrust cone at
Posltions I & IU

S-IC/S-II separation,
S-tr second plane
separation and J-2
engine start

2

100

38

501,

502

Natural with
separation

tracking aid
lights
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CHAPTER 6

RADI0 COftlftlAND SYSTttrlS
\-.,

sECTIolt 6.t
IilTRODUCTIOl{
The Saturn Vehicles carry two radio cttnrntand
systems, one for range safeiy and the other for data
transmission to the Instrument Unit (U).

Section 6.3 presents a description of the secure
range sa-fety command system, which is applicable to
each powered stage of both the Saturn IB ald the Saturn

V Vehicles.
The range salety command system provides a
means to terminate the flight of the vehicle,by radio
commard from the ground in case of emergency situations in accordance with range safety requirements.
Each powered stage of the vehicle is equipped with two
Command Receivers/Decoders and the necessary
antennas to provide omnidirectional receiving characteristics (range safet-r' requirements). The command
destruct system in each stage must be completely
separate and independent oI those in other stages. In
case of vehicle rnal.functions which cause trajectory
deviations larger than specilied limits, the vehicle
will be destroyed by the Range Sa-fety Officer by means
of the range safety command system. The range safety
command system is active until the vehicle has
achieved earth orbit. After successful insertion into
earth orbit, the destruct system is deactivated (safed)
by coinmand from the ground. The early Saturn Itl
and Saturn V Vehicles will be equipped with a tone
command system (ANIDRW-13) which will be replaced
in later vehicles by a system called the secure range
salety command system.
The IU command system provides digital data
transmission from ground stations to the Astrionics
Sysfem in the IU. This command system will be used
to update guidance information or to command certain
functions in the S-IVB/IU Stage. The IU command
system will not be used during powered flfht phases.

Section 6.2 presents a description of the IU
command system used on the Saturn Vehicles. I:: general, the Saturn IB and Saturn V fLI command systems
are similar ia operation, and the material presented
in this chapter is applicable to the IU command system
on both vehicles. The exception is subsection 6. 2.4
(Command Receiver), which is applicable only to the
Saturn IB Vehicle. The Command Receiver in the
Saturn IB IU is replaced on Saturn V by the Command
and Communication System (CCS) Transponder (sub-

section 6.4.2).

The Saturn V CCS consists of the transponder,

amplifier, and an antenna systenr. The CCS
transponder is a phase coherent .receiver-transmitter
which receives and denrodulates a composite 2101.8
Ir'IHz carrier containing the command signal and a
Pseudo-Random Noise ranging code. It transrnits the
response to the ranging code, and also PCM telemetry
data, on a 2282.5 MHz carrier. The CCS Power
Amplifier boosts the output of the CCS Transponder
to a nominal 15 watts. The rf carrier is then transmitted through the CCS antenna system. The CCS
antenna system is switched by a Switch Selector command from omnidirectional to directionaL low-gain
or high-gain antennas as required by the mission
a power

profile.
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The IU command system is used to transmit
digital information from ground stations to the Launch
Vehicle Digital Computer (LVDC) in the tU. Figure
6.2-l is a block diagranr of the command system {or
Saturn V.

The commands and data to be transmitted to
the vehicle originate in the Mission Control Center
(MCC) in Houston, Texas, and are sent to the remote
ground stations of the Manned Space Flight Network
where they are transmitted to the vehicle. At the
ground stations, the command messages (in digital
form) are processed, temporarily stored, and then
modulated onto an rf carrier by a Digital Command
System (DCS). The command message is transmitted
in the S-band on a carrier f requency of 2101. 8 MHz.

The signal (often referred to as up-data) is
received and demodulated by the CCS Transponder.
The resulta:rt signal is fed to a Command Decocler
where address verification and final message decoding
is accomplished. From the Conrmand Decoder, the
command message (in Oigitat form) is sent through
the Launc,h Vehicle Data Adapter (LVDA) to the LVDC.
Verificat{on of the accepta-nce or rejection of the
command message is telemetered to the ground station
via the IU telemetry system. If a message is rejected,
pertinent data concerning the rejection will also be
telemetered. ln the case of the Saturn V command
system, the telermetrv messages are actually transnritted through the transrnitter portion of the CCS
Transponder. The CCS Power Amplifier boosts the
rf signal to approximately 15 watts.

At the ground station, the verilication and
acceptance data is recovered from the telemetry

CCS Power
Ampl

ifier

VEHICLE IU COMMAND SYSTEM

--Telemetry
Stot i on

Tronsmitting
Equi pment

BI

B2IT

Figure 6.2-1 Saturn V IU Command System
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message and fed to the DCS through special circuitry.
The remainder of the telemetry data is forwarded to the
l4CC. If arrd acceptance message is not received by
the ground station within a preset length of time, the
same message will be retransmitted. Presently,
a total of seven such attempts will be made belore the
message is abandoned.
The Saturn IB Vehicles use a slightly different
command system configuration, which is shown in
Figure 6.2-2. The primary difference is that the
Command Fleceiver, instead of the CCS Transponder is
used to receive and demodulate the up-data messages.
The functional schemes of the Saturn IB and Saturn V
command systems are identical with the exception of
carrier frequencies used: Saturn IB uses 450 MHz
and Saturn V uses 2101.8 MHz.
The IU command system is closely related
to the Apotlo Spacecra-ft up-data link. Both systems
use essentially the same ground station equipment of
the Manned Space Flight Network.

6.2.2 ttODUt llrolr

ItCHIilOUtS

The ground modulator used with the IU command system is the same as the one used on the
Gemini Program and for the Apolto Spacecraft updata link. This m,:dulator is part of the DCS console,
which serves as the encoder for several di-fferent
space programs.

The DCS utilizes Phase Shilt Keyed (PSK) modPSK modulation is accomplished by
algebraic addition of a 1 kHz reference sine wave to
a phase coherent 2 kHz. sine wave. (Refer to Figure
6.2-3). A "1" or a "0'l sub-bit is generated each
cycle of the 1 kHz sine wave, beginning at the zero
crossing when the sine wave ls going positive. A "1"
sub-bit is generated by addition of a positive going
2 kHz sine wave to the 1 kHz sine wave. For a "0"
sub-bit, the 2 kHz sine wave is phase shilted 180

ulation. This

degrees and added to the 1 kHz sine wave. This composite waveform then modulates an rf carrier for
transmission to the vehicle. [n the Saturn IB IU command system, the 450 MHz rf carrier is frequency
modulated. In the Saturn V IU command system, the
composite baseband waveform frequency modulates
an intermediate carrier (subcarrier) of 70 kHz, which
in turn phase modulates a 2101,8 MHz rf (S-band)
carrier. The Saturn IB modulati.on scheme (at 450
MHz) is referred to as PSK/FM, and the Saturn V modulation scheme (at 2101.8 MHz) is called PSK/ FM/PM.

6.2.3 ComilA[D

WoRD IoRilAT

The command word consists of 35 digital bits
which are used for data transmittal, addressing, and
control. A standard command-word format is shown
in Figure 6.2-4 and is applicable for Saturn IB and V
Vehicles"
The first 3 bits of each commard word represent a vehicle address and are referred to as "X" bits.

LVDC/LVDA

lU Telemetry
5ysiem

VEHICLE IU COMMAND SYSIEM

GROUND STATION

------------

felemetry
Stotion

Tronsmitting
Equipmeni

To MCC

(Houston)

Figure 6.2-2 Saturn IB IU Command System
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The remaining 32 bits are made up of "1's" and "0's"
as determined by the message content. Fourteen of
these 32 bits are used as decoder address bits and
are distributed throughout the word. 1'he 14 bits are
compared with a prewired address in the Command
Decoder and perform a dual [urrction 'rf address verification and error checking. Sirrce more than one Conrnrand Decoder may be used on the same vehicle, this
addressing scheme will ensure correct t)ressage

reception.
The remaining 18 bits of the command w<.rrd
are used as control bits and actual digital data for the
LVDC/LVDA" (All data bound lor the LVDC is processed by the LVDA; which is the input-output device
for the LVDC" )

Each of the 35 bits is encoded into 5 sub-bits
(total of 175 sub-bits). The vehicle address is encoded into a different sub-bit pattern than the following
32 inJormation bits. The sub-bit patterns are chosen
for optimum differentiation between bits to provide
maximum error detection capability. For any given
fli.ght, only three of the possible 32 (25 . 32) 5-bit
patterns are used.

A

5ignol
I

/\

b

The LVDC is programmed to receive two types
of conrmand words f rom the Command Decoder: mode
command words and data command words. The LVDC
is able to distinguish between these command words by
checking the status of bits 10 and 12, which are labeled
as Orbital Mode./Data (OM/D) bits. These bits are
Iogically conrbined into one bit as they enter the LVDA.
Similarly, bits 8 and 9 are conrbined in the' LVDA to
form a single interrupt bit. This interrupt bit inlorms
the LVDC that a cornrnand message has been roceivt,d
and is awaiting lrrocessirrg. The rernaining l4 trrts
contain the cornnrand nressage intenderl for the L,VDC.
Of these 14 bits, ? bits are actual (true) rnessage
bits, and ? are the complement (exact opposite) of the
true bits. This scheme serves as another reliability
check on the conrmand message.

To simplily the following dist'ussion, tlre subbits will be disregarded unless particular reference
is made to them.

Figure 6.2-3 Phase Shift Keyed Signats
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MODE AND DATA (IOMMANDS

o Verify that the OM/D bit is a "1",

The contmand interrupt routine of the LVDC
!.ogram is programtned to receive up to a maxitllunr
of 26 different mode commands. Normally, about
one-third of these commands are common to all ilights

o

Test the commard word (check the 7 true
bits against tht' ? complement bits).

r
r

tlec,/Oe and veri-fy tlte cotntnand.

\_ ,

and the remainder are eithcr unusecl ol' lll'e pr()gl'amrrred for a particular vehicle or flight. Conrmon trtode
commands include such ctlmnlands as:

o
r
r

Update of a tirnb bese

a

Telemeterhg of memorY contents

o

'Ielenteter a status code indicating to the
the L,VI)C has entered a conrrnand routine.

gror.rnd that

o

Prepare to accept data to supplenrent the
mode comnrand.

Navigational uPdate
Execution of Switch Seiector routines

indicating

mode irilormation.

II the contmanded routine requires data, a
Command Decoder i:'rterrupt will initiate the following
sequence:

other cotnmand routines

Termination

r..rf

Alterati<-rn of

talget trzimuths.

o Verily

that the OIvIi D bit is a logical "0",
indicating dat a inf ormat ion.

All mode conrmulds are completed in one message
word. .\ mocle cotnmand format is shown in Figure

o

Test the command rvord (check the ? true
bits against the 7 complenrent bits).

6.2-5.

r

Veri-fy that the data is received il sequential
order. (Bit 8 will aitertratc llelrveen a logical "1" and "0" fol niulti-rvorded data mes-

Data cotrrmands, as the nanle implies, contain
to suplrlement a given mtlde command' The
ciata
digital
data command is unique to the mode
for
each
format
which
it is rrsed. Since some mode
with
conrmatrd
'rmmands require nrore data than others, the number

:--.rf data words will vary with the command. For
example. a navigational upclrrte requires 35 data words,
while a tltne base update requires only 1 data word'

sages.

o
r

)

Temporarill, store the data
Prepare, if necessary, to receive the next
data uold.

A l-worcl data comtrtand Iurttrat is shorvn in -Figure
6.2-5.

comnrand word is the
sequence t,:,it fr..rr ruulti-,"vorded data commands. The
f irst data conrttrand word will always have a logical
"1" in the bit 8 position. Fotlowing data command
worcls will have alternate "0's" or "1's" ln that position. These bits are checked by the program to ensure
that the data conitrand words are being received in
the correct ordet' ar.rd that a lvord has not been accidently lost. lt should be noted that blt 8 of a mgde
''0", since it
command word wiil ahvays be a logical
is a single word message, it will not alternate.

Ilit p,rsition 8 of tl,e data

MODE COMMAND FORMAT

14-Bit Mode Commond Word Tronsferred io LVDA

14r13ll2,ll,lO,

g,8lzr

COIUIIIAND

Bits l4 throush

B

* Binory Code Which Differs
For Eoch Mode Conrmond

DATA COMAAAND FORMAT
yyor,1 flqnsferred

to LVDA
I

IiOC FiSSING

Tlre LVDC will interrogate the OI\{riD bit and
word each time the IU Comnrand
cornnrand
14-bit
an
interrupt bit inlo a special LVDA
Decoder sets
The LVDC command pr"Eranl is
register.
storage
io process the inc'rntitrg
designed
routire
a special
tlie LVDC will be
Normall-v-,
message.
ommand
\-+xecuting i1s main ilight and orbital prrlgraurs, but it
is prepared t<r receive lt mode command. When interrupted bt a conrmancl ntessagt', tht'I.VDC uill:

6.2-4

r4 r 3 r 2 r i

Complement of

l4-Bit Doto Commond
P

6r5

14rl3rl2rllrl0r 9r 817

[-Daro--J

*l

lof

I

Bits l4 rhro ugh

B

Seq:.rence Blr Which Alternoies

Between Logicol "1 " or-rd "0" for
Eoch Successive Doto Word

rl,}l

Figurt.
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Word Format
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' Once the LVDC has entered a comnranded routir.re, it will not accept another mode command (except
a terminate) until all data has been received and the
routine has been executed. The ternlinate command
will discontinue any routi:re in progress.

6.2.t CotttAltD

RICilYtR

The Saturn IB IU command system uses the
MCR-5038 Contmand Receiver with a frequency range
of 406 to 450 MHz. In the Saturn V Vehicle, the IU
command is received by the CCS Transpt-,trder of the
Saturn c()mmard lnd communication systenr. The
t
CCS Trarsponder is described in Subsection 6.4' 2'

A btock diagram of the Command Receiver is
shown in Figure 6.2-6. The received rf signal is
coupled from the rf input, J1, to a fixed-tuned, lowpass filter. The output of the low-pass filter is connected to a critically coupled, double-tuned bandpass
filter, which is tunable over the required frequency
range of 406 to 450 MHz. The bandpass filter output
is amplilied by an rf ampli{ier stage. This ampli-fier
provides additional rejection to signais outside the
receiver passband and is tunabLe over the required
frequency range. The low-pass filter, bandpass filter,
and rf amplilier are contained in the preselector
assembly.
The preselector assembly output is coupled to
Here the x3 multiplied output of the
crystal oscillator is heterodyned with the rf signal
to produce the lirst IF signal. The first IF signal is
ampli-fied by the first IF ampli-fier and applied to the
second mixer, where it is heterodyned with a signal
at the crystal oscillator frequency to produce the 10" 7
MHz second IF signal" The first and second rtlixer,
first IF ampliiier, crystal oscillator, and x3 frequency
multiplier are contained in the first IF amplifier as' sembly. The -3 db bandwidth of this assembly is
approximately 1.5 MHz and the gair is approximately
the

first mixer.

43 db.

The output of the f irst IF amplifier assembly
is coupled directly to an IF bandpass filter. This
I passive LC
f ilter determines the overall receiver
bandpass characteristics"
The bandpass filter output is fed to the second
IF amplilier assembly, which contains two feedback
IF amplifier pairs. The output of the sec<tnd IF amplif ier pair feeds both the lin"riter-discrimirrator assembly
and the lo'w-level TM ampliliers. 'l'he lrrw-Ievel telemetry output is a dc voltage that is pr()lx)rti()n:ll t,,
the receiver rf input sr{tral.

Limiting is accomplished in the first limiter
by back-to-back diodes ia a transistor's collector
circuit. The second linriter limits by saturation and
cutoll of a transistor and drives a Foster-Seeley
discriminator. The discriminator''s sensitivity is
approximately 4 millivolts rms per kHz of peak devia-

tion. The emitter follower

output stage is used for
impedance isolation between the discriminator and the
audio amplifier"
The audio frequencv amplifier consists of an
arnplilier, a phase iuverter, and a low inrpedance
(-)utput amplifier. The audio lrequency amplif ier output [eeds two 4?-ohrtr isr.rlation resistors, each one
of which leeds an output connector. These resistors
allow one output tt-r be shorted to ground without reaudio

ducing the other output voltage more than 3 db. One
of the outputs is used as the input for the IU Command
Decoder. The audio frequency amplilier output also
feeds a bandpass Iilter in the high-level TM circuits.
This filter's output is fed to an AcC-controlled amplifier and then through an amplifier to the high-level
telemetry detector circuit. The telemetry voltage
thus obtained will provide a useiul measure ol rf input

signal strength.

Characteristics ol the MCR-5038 Command
in Table 6. 2-1.

FLreceiver are given

6.2.5 (oilltAllD DlcoDtR
The Conrm:rnd l)ecoder i.s the interface unit
between the Command Receiver and the I,VDA. The
Command Receiver demodulates the rf carrier and
presents the PSK signais (Figure 6.2-3) to the
Command Decoder. The Command Decoder is common to both the Saturn IB and the Saturn V Vehicles.
The physical and electrical characteristics of the
Command Decoder are given in Table 6.2-2.
Data transmission is ntade through a 32-bit
which
is preceded by three vehicle address
word
bits ("X"-bits). Each data and address bit is cr-rmposed
of 5 sub-bits. The 175 sub-bit message must lte
decoded into the original message conliguration oi 35
bits before the data can be transferred lnto the LVDA
lor LVDC acceptance.
The functions oI the Conrmand Decoder are as

follows:

o Dernoclulate the PSK basebiurd subcarriers.
o Iiecover tlie <;riginal 175 sub-bits.
6.2-5

Astrionics System
Section 6.2

n

+6

l:

I
I

-o

i3

I
!
I

i=)
-

I

1p
l<

I

a

I
I
I

c

I

o

z

O

rY
tr
I
I
I
I
I
I
I
I

I
I
I

!^

+,:

l-;
t.t-;
IT

I
I
I

I
a

,!;i,
*is

I

I

------------!
I
I

I

rE

r5

I

IE

I
I

I

I

1
I

i

ir

i3
,2
l<

lE
ta
t:l
l:'
t<
lS
tt2

I

I
I

I

I

I

I
I
I
I
I

I
I

I
I

I

I
I
I

I
I

------------.1

I
I

I
I

I

I

I

Ir
t3
19

r*

I
I
I
t
I
I
I
I
I

tir6
tz
r3

lo
,H
tr
tO
lo

l?
I

I
I
I

I
,
I
I
I
I
I
I

:
o

Hh.
I=

I

I

I
I
I

I
I

l>

iE
rH

I
I
I
I
a

l?
r5

I
I

iE
rd
lr
rE

I
I
I
I

I

I

I
I
I

I
I
I

I
I
I
I
I

I
I

I
I
I

qi3

I
I
I
I

I
I
I
I
I

I

j

o

:.9

r.--^-\

tt

l

rp
l<
le

6,

t4

1:
IrlH

r6
lr
le

]H
r=
t:

I
I

ET

;o6

I

I
I
I
I
I
I
I

I
I
I
I
I
I
t
I
t
I

T.

?

I

o
d

I
I

o

E

::
F

E

nI

:'

Figure 6.2-$. Command Receiver Block Diagram
6.2-6

i.

.g

o

I

I

I

tv
r3
t-

I
I

*ts

tl"A
*5
I Fe

lF

I
I

Xs S
,Ie;

I

rU

I

:

f

L
I

Astrionics Systenr
Section 6.2
Compare each 5 sub-bit group against
three prewired bit codes to recover the
35-bit command word.

I

Check that

all

35 bits are received.

bit is recei.ved within the
5 - millisecond bit peri<.d.

written into the 5-bit shiJt register as required,
and routed to code plug J4 (Figure 6.2.8). From the
code plug, the appropriate sub-bit 'rlrsrr and ,0rs"
are connected to their respective AND circuit compar-

and

ator6.

Cheek that each

3-bit vehicle address and the
14-bit decoder address are correet.
Check that the

hhibit any further decoding if any of the
checks are invalid.

Present the 18 information bits to the LVDA
in parallel form.

As each group o1 5 sub-bits is wrttten int,r the
5-bit shift register, they are counted bt, tlte 5-ttit
counter. When the 5-bit counter reaches a count of
five, a positive pulse is produced and used to open gates
AND8, AND9, aad AND10 (through OR6) to provide a
"1" code enable, "0" code enable, or an "X" bit count
pulse when the correct sub-bit pattern is written into
the 5-bit shilt register.

Present an address veri,fication signal to
PCM telemetry.
Receive an LVDC reset signal from the

Table 6. 2-1. Command Receiver Characteristics

...

406 to 450 MHz

LVDA and present this signal to PCM

Frequencyrange

telemetry.

Frequency deviation.

r 30 kHz
put)

Quieting

15 db

A detailed description of the Command Decoder
logic and operation is given in the following paragraphs.
Figure 6.2-7 and 6.2-8 supplement the text. Figure
6.2-7 is a logic diagram of the circuitry discussed.
An explanation ol the logic symbols used is found with
the figure. Figure 6. 2-8 shows a typical wiring
scheme ol code plug J4.

Maximum RF inPut

.

(for 1 Vrms out-

at 10 microvolts

2.0 Vrms

Input VSWR

1.5:1 maximum

Tuning stabilitY

r 30 kHz

Crystal controlled, single
rvstal

Oscillator

c

LOGIC DESCRIPTION

RF bandwidth (-3 db)

340 r 30 kHz

Detector. The PSK signals f rom the Conrmand
Receiver are first routed thr<-rugh 2 filters - a lowpass
fiLter and a bandpass filter (not sltown on Figure 6.2-7)

RF bandwidth (-60 db)

1200 kHz

Type oI output

Audio, two isolated

PSK

-

before being applied to the PSK sub-bit detector
(PSK Detector). The PSK detector is shown in the
upper left-hand portion of the figure. The purpose
of the PSK detector is to separate the 1 kHz and 2 kHz
signals, compare the phase oI the 2 kHz signal with the
1 kllz relerence signal once each millisecond, and
generate a pulse on the "1" output circuit or'the "0"
output circuit, as the case may be.
The PSK detector amplilies and shapes the I
kHz and 2 kHz signals from the filter to determine the
phase of the 2 kHz signal with respect to the 1 kHz
signal. The relative phase of the signals determines
ir0rs't as required. The PSK
the sub-bit "l's" and
detector output is then applied to the appropriate (set
or reset side) of a 5-bit shift register and is also used
to step a 5-bit counter.

5-Bit Counter and Shi-ft Register. The sub-bit "1's"
and "0's" Irom the PSK detector are differentiated

outputs
100 Hz to 80 kHz

Audio bandwidth.

(-3 db)
Less than 5 percent

Audio distortion.

Audio output level

.

1 Vrms into 75-ohm load
(with two tones, . 30 kHz
deviati.on per tone)

lnputvoltage.....

+24 Vdc

Power

3. 5 watts

Weight

1.4 kg (3.1 lbs)

to

+36 Vdc

at 28 Vdc

Dimensions
Hpight

11.1cm1a.Sm.)

width

13.4 cm (5. 3 in. )

Depth

11.9 cm (4. ? in.

)
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Command Decoder Characteristics
+28 (+10, -6) Vdc

Prinrary Voltiqe

Current. 80 , 10 mA
Audir-l lnput
1. 9 ({. 35, - 1. 25) Vrms
Operating

Data Output Imped-

decoding, the pulse spacing is 5 milliseconds (200
bits per second, bps). The missing-bit clock is
essentiaily two monostable multivibrators which,
if a proper message is being received, will provide
a continuous output from OR5. This is accomplished
by alternately triggering the 2 rnultivibrators (MVB's).
The ON cycle of the MVB's (5.4 miltiseconds) is
adjusted to be slightly greater than the duration of
each data bit (5.0 milliseconds). Thus, the OFF MVB
is triggered ON, 400 microseconds before the ON
MVB completes its cycle. Under normal operating
conditions and with no bit missing, OR5 will always
have at least 1 input.

Binary Output f-unctrons

"One"
"Zeto"

si4lnal is therefore the "X" bit count pulse, "1" code
enable, or "0" code enable. During normal message

. . 28 (+O, -3) Vdc
..0 t0.5Vdc
. . Less than 1000 ohms

ance

3.85 kg (8.5 pounds)
Outline dimensions
Height

10. 79 cm (4. 24 in. )

Length

22.60 cm (8.91 in.)

width

18.39 cm (7.41 in.

The 5-bit register has 10 outputs (2

The output from AND11 at the first "X" bit
count pulse will reset the 5-bit counter and will pass

)

for

each

position) resulting in 32 (25) possible sub-bit patterns.
Each of the 3 sub-bit comparators, "X", "0", and
(AND10, AND?, ANDO) have 5 wires connected
to the 5-bit shi-ft register, via code plug J4, with 1
wire to each position. Hence, gate AND10 wiII have
an output when the correct 5-bit code is written into

"1",

the 5-bit shilt register, thereby generating an "X" bit
count

pulse.

The same is true for AND? and AND6,

therebv generating a "0" code or a "1'r code, respectivell-. For example, the sub-bit code for a data "1"
nray be chosen as "11010", the sub-bit code for a data
"0" may be chosen as the data "1's" complement,
(00101), and the "X sub-bit code may be chosen as
"1 1000 ".
During intevals when no messages are being
transmitted, aLl sub-bit "1's" are transmitted. However, the comparators have no output since there is
no code pattern; that is, all "1's". The first three
data bits of a transmitted message are designated as
"vehicle address" and are sub-bit coded as rrXtsr'.
Since the message is bracketed by continuous subbit "1's", the "X" comparator (AND10) is initially
enabled by the output from OR6, permitting an "X"
cornpuris,.rn at any time the 5-bit shi-ft register pattern is (,)rr(rct. The "X" bits are counted in a 3-bit
countcr rt,f r.rred to as the ' X" t'r,unter, The "count
of three' ,,utput of the 3-bit counter enables AND4 and
ANDS alrer three "X" bits have been counted.
The input to ti,e

-issing-bit clrlck (center of
OR3. The composite

the figure) is the output from

6.2-B

through OR7 to reset the 3-bit counter. The 3-bit
counter is also reset through OR? by the pulse from
OR5, when the absence of a bit is detected by the
missing-bit clock, or when the computer reset pulse
occurs at the completion <.rf a data transfer to the
LVDA.

32-Bit Shift Register. The 32 bits following the three
"X" bits are coded "0's" or "1's" as required. Each
time a count-of-five state is reached by the 5-bit
counter, a comparison is made to determine i-f the
bit is a "0" or a "1". These 32 bits are then written
into a 32-bit shift register.
The decoder address is prewired and composed
of 14 of the 32 bits of the shi{t register, These 14 bits
must be true to have an output on the address verify
bus. The diodes of the bus may be connected to the
set or reset side of each shi-ft register stage as prescribed by the decoder address desired.

The 18 data bits are bulfered and sent to the
LVDA for processing. For simplicity, the complete
buffering and gating logic is not shown in the figure.
Shilt Out and 32-Bit Counter. The input shift pulses
to the 3r+it stft registe. are counted by a 32-bit
counter. At a count <;f 32, an MVB is triggered,
strobing gate AND12. At this time, the 32 data bits
have been completely written into the 32-bit shift
register. Ii the decoder address in the register is
cor-rect, gate AND12 is opened and the output pulse

is used to:

r

Set the output flip-flop to en:rble the output
AND gates and reset the 3-bit counter

o Trigger two address verily

l\IVLI's.
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T'he LVDC resel pulsn, which occut's after
LVf)C acceptance of the c<lrnnrand message, resetB
lho ,rutput flip f lr4r lhrotrgh Clllg, thus clisahting the
oulput ANI) gates. 'l-lro l,VIXI t'eset pulse also triggers

5-bit counter and, through OIl7, to resei the 3-bit
counter. The trailing edge of the pulse :rlso advances
the 3-bit counter try one count and starts the misslngbit clock. \Mren the mlssitrg-blt elock starts, the

two LVIXI reset IvlVIl'ri. An output from one of the
I{VI}'s is relulned to ()lt8 lo resel the 32-bit shi-ft

output of ORS

regist r'I'.

Qt!p!

Mrln-9_s$!!1

Multivibrators.'I'he address vertfy

pulse f r''rnr the'arldr r,ss voril y hrrs (vi;r AND12) is
routed to two rerluntlrnl MVB's, 'Ilre oulput pulse
width of each MV[] is sr:t lo 60 rnillisecrrrrds. These
output pulscs are sonl to the telempi ry svstem to
denote dr:rorlcr adrlless vorification. As rnentioned
in the preceerlirrg parallraph. the LVI)C rcset pulse
f roln the LVI)A is used to trigger :lnotlter pair oI
redun(lant MVII's (60 rrrilliso<'onrls). 'I'hese MVB's
acknowlcdli{' recoipt of llrt' t,VIX-l rostl pulse. Although
not shown, tlre outptrls of tlrest MVll's are lxr,ffered to
nreet the t'eqlrircrl inprrl voltalie levels o{ the IU telentel

rv systern.

DF;1'AII,EI)

oI'I

Tci

AND l0

"X

"

ComFrrol.,r

To AND 6
" I " Comporotor

/\
ll,,o

.-

,,1

-

As the next 5 sub-bits are written lnto the 5bit shUt register, they are coutted by the 5-bit t:ounter.
When the counter reaches a count of five, the output
passes throtrgh OR6, thus enabling a second "X" contpitrison. A valid "X" conrparison will generate a 200microsecond pulse. This pulse will advance the 3-bit
counter to tlre count-o[-two state and will also keep
the nrissing-bit clock running. The count-of-two
outt)ut from the 3-bit counter will: (1) clear the 38-bit
shifl register thlough OR8 (the cleared state of this
register is when there is a "0" stored in the "0" side
of all stages), (2) send a reset pulse lo the 32-bit
counter, and (3) send a reset pulse to the output flip
f k.4r througlr OR9. After thc third "X" bit has been
recognized, tlre count-of-three output Irom the 3-bit
counter rvill provi.de a direct-coupled signal to ANDI

IIA'I'ION

'I'he f irst "X" bit cornl)arison il the conrm:md
lnessagc gerrr:r':tlcS a l -millisec()n(l pulse which is
differen(iirleel anrl p,tss('s through ANI)l I to reset the

Code

will: (l) open AND3, enabling the 5-btt
courrter. and (2) inhibit AIIDIl, preventing the next
"X" conrparison from generating a reset pulse.

#ffi

and ANI)5. As long as this signal is present, ANI}I
and AND5 are "open": i. e., they will allow valid

"0" and "1" bits to pass tltrough.

To

AND

"0"

Shifl Register

7

Comporotor

/\
IIAAA

ilil1

s432

l-r
r0t0l0l0

IITtI?EfiI

trrtt

{or }he
l lrno

= I l0l0
0010l

['rlrure 6. z-tt. Sanrple Wiring of Cride Plug J4
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The next 32 bits will be sub-bit coded with
"0's" and "1's" as received. Each time a count-offive state is reached bv the 5-bit cciunter, a comparison is made to determine i-t the bit is a "0" or n '1 '.
A pulse will be produced at the output of OIl3, tirus
keeping the missing-bit clock running. These 32 bits
will also be shilted and written into the 32-bit shift
register and counted by the 32-bit counter. Upon the
count of 32, a 1-millisecond nlonostable NIVB is
triggered ON. This signal opens AND12 and allows
an address comparison to be made. If the address
is correct, a signal will pass through ANDI 2 ard
trigger the output Ilip flop to its set state. In addition,
two 60-millisecond monostable IvIVB's will be triggered
ON by AND12 to provide an in{ication to the telemetrv
system that the address was valid. Redundant MVB's

are used lor reliability.
The set output oI the output Ilip flop also resets
the 3-bit counter (through OR?) and pr<-rvides arl enabling voltage to the 18 data-output AND gates. The
binary inforrnation stored in the 18 data stages of the
32-bit shi-ft register is thus transferred ia parallel
form to the LVDA. When the LVI)C data proccssi:rr
routines accept these data bits, a reset pulse (acknowIedging receipt) is sent through the LVDA to the Cornmand Decocler. 'Ihis pulse will pass through OFf) tri
reset the output tlip ilop (rlisabling tht 18 output ANI)
gates). 'l'he sanre pulsl rvill also trrgger t\uu SQnrilliser',rnd nronostable MV[]'s And thus r:leur tht. 32bit shiJt regisrer through OI18. The outputs oi tltesc
2 MVB's are sent to the telenretry system tr, indicale
receipl oI the LVDC reset pulse . II. tr l soi)re I e.ls,.ir.
the LVI)( reset pulsc does not .rn r\'e p: i<,r tc, tlre 'tt,girurmf ut tlrt, next :n(,ssage. tht.| sc( (rrtc ";1'' l;rt rf
vehicle address will provide an output Irclm the 3-bii
counter to reset the Comnrand Decoder cil'cuits.

6.2.6

DAIA YtRtHCATtot{

The application of the IU command system and
the information transmitted through the systern require
a high probability that a corlect cornmand message
will be received in the vehicle. This high probability
is obtained by the use of several di-flerent techtriques
throughout the command svstern.

L'irst, the Manned Spate lrliglrt Netwrtlk rs
designed to provide a high deglet' ,: data trrulsnrrssiorr
accuracy from the originatiru stati()n in Houston, 'Iexas
to tht, lowlr-range D/ : \''
u,l' tr.iu s: i'; itr
I rSsa,eI t e.'rhI(:( '
, i. artp, ir t. 'l
bit t,.r:. "0 l,rt,,r vice-iet'sa, (.vtlr.y,il€ ol tlre 5 srrl,bitS must l16 t1'lnspeced to its cotrllllement and this
must b(- d nr ir. nruil ip,t." f ir e ir syti( u rr .;l r ith
the Oit atr (2.0(, lrp:i) ,rtrrer$ ist., t;,e niess.r!,_ r, il, tre
rejected. Thirdly, l7 bits of each 35-bit transmission
r

must be correct (there is no possibility of an undetected
error here) ttefore the 18 information bits are presented to the

utilizing

ie

LVIlA. Last of all. a veri.fication
ls a dt.rwn-link is emplrlved.

loop

lentetrv

The verilication loolt u,orks as lollows. If the
14-bit address is correct, an address veriJication
pulse is sent to telenretry. This pulse is decommutated in real tinre at the ground station and presented to the nressage acceptarce pulse circuitry
(Figure 6.2-9). A second pulse is also derived in
the vehicle a:rd sent to telemetly. This is the LVDC
reset pulse which signifies that the LVDC has received,
verified, and processed the 18 information bits. This
pul.se is aiso deconrrnutated i-rr real time and routed
to the nressage acceptance pulse circuitry. The
address veri-fication pulse triggers a 200-millisecond
monostable MVts to the ON state. The LVDC reset
pulse wiII occur a short time therea-fter iurd trigger
a lO-millisecond monostable IIIVB to the ON state.
If the LVDC reset puise does not appear during the ON
time ol the address verilication pulse MVB, the pulse
will not appear at all for a given transnlission. The
two MVB outputs are led to an AND gate, which will
have al output only when both MVB's are ON.

The 10-rnillisecond pulse thus produced is
called the message acceptln('e pulse a.nd is fed to

DCS.

rtre

this nlessage acceptance puise
as a 'next-messat( -tratrsnrit" pulse. rJp.,il receipt oI
this pulse, the l)CS will tr.irns:nit the ne.xt ;.rlessage
(il anv). U the message n(ceptanc(. l)ulse d,res not
appe:rr li rtiri:r e ( €i 1.,r., 1r r', 1t r r.i tir'rt (appr,rxirrrately
I'he DCS uses

4C)rJ rr, rllisecr,n,.ls fr o;:r it rr ! ,f ',essir:e), the i)CS
u,tll then retr a;rsrrrrt I lle nli-,ssage.

An LVDC verilication of a r.eceiverl t',,rrrnrand
word is accomplished by progranrrning te(.hnr(lues
and the r)lessage folrrrat itself. ln the r.ummand l.ord
format transmitted Irorn the ground, one-halI of aIl
data bits are transntitted as required in "true" fcrrm
and the other half in complementary form. This is
called duplex coding. The LVDC will reject a contmand unless the complement bits check out to be the

i,l1 --------:--l
lg

I

,]
It

|
I

Sr

IL

- rilr-1

l-Lrl

arrD |
--l-r ; "
ttL L,l:

igure 6. 2-9. \lessage A('\'('i)tJric
Ulock Diaq rarn
1

I
I
I

i)ur-e Crr uitrv
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inverse of the true bits. Such a procedure
provides
a greater probability of receiving
the same message
aa was transmitted.

\-'
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6.3

SE(URE RANGT SAITTY COTIITIIAND SYSTTTII
6.3.1 0YtRAtL

SYSlttrl

The secure range safety conrmand sYslenl provides a high degree of protection against inttrrttional
interrogation by unlriendly intruders and against unintentional interrogation (false alarms) by noisc. The
security against intentional interrogation is measured
by the fraction of the total code combinations that an
intelligent unfriendly interrogator, having unlimited
technical resources, would be able to transmit during
equipment access time. It is assurned that all system
parameters are known to him except the code-of-the
mission, The security against unintentional or randomly generated false alarms is, as it should be,
much greater than against intentional, intelligent interrogation. All hardware is unclassilied except the
actual flight code plugs.
A sinrplilied block diagram of the secure range
command
saf ety
svstem is illustrated in Figure 6. 3-1.
is chosen by the code plug.
address
character
Elch

Two identical code plugs, one in the ground etrcoder
and the other in the flight decoder, are used. This
removable. inexpensive, easily stored code plug
minimizes the actual operational difliculties oI handlitg the security aspects of the system, thus eliminatirlg the necessitl'of classilying the systcm hardware (decoder and encoder).

6.3.2

iltSSAGt toRilAI

The message transmitted to the vehicle consists of 2 words: an address word and a function or'
command word, The address word consists of 9
characters of a high-alphabet system, and the lunction
word consists of 2 characters; thus the total message
comprises 11 characters.
Each character consists of two simultaneous
synrbols, which are audio-frequency tones between
7.35 kHz and 13.65 kHz. Each character can be tone
coded by choosing Ironr a syrrrbol alphabet of ? tones.

I
I
I

I
I
I
I
I
I

AN/FRW.2A
Tronsmitter
Code
P

lug

To

Plug\

I
I
I
I

I

I
I

I

From

RSO Console

From

Compuier

Telemetry

Code

I
I
I
I
I
I

To
Te

Spore

lemelry

Outputs
To

Ronge Sofety System

Controller

I
I

RSO= Ronge Sofety Officer

Ground Equipment

luipment

Cornnrand System
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Since 2 toneg are used simultaneously, the character
alphabet is established at 21 possibilities or choices
(no choice is repeated within a given word). Thus
the encoding scheme is logically called high-alphabet.

The security of the message is realized mainly
from the fact that only 9 out of 21 fossibilities are
used per address, and that these 9 address charactera are position coded. The limited time of access
to the equipment i8 the final factor in the security,
for any code caa be broken iI access time is unlimited.
The function vord consists of 2 characters.
Slnce there a,re 2l character-coding arrangements
avallable for the first function character and 20 for
the second, {20 character/position codes are available for the function word. Only 5 functions are required of the aystem. To provide the maximum langauge difference between any two of these functions,
5 codes were chosen as commande in a spacing scheme
which provides maximum security against command
translations. These commandg and their codes are

ligted in Table 6.3-1.
Each character period, including "dead time",
is approximately 8.6 milliseconds in duration, except
the eleventh, which is three times as long. r
Each character of the 9 character address word
ts unique rvithir a given address, and therefore the new
eyetem can operate without the necessity of a transmitted clock or reference synchronizing information. The
eymbols are, however, synchronous with the character

Table

6.3-1

for Function Characters

Coding Scheme

10th

l.

(propellant
dispersion)

1

Character

Command

1th

Character

Tones

Tones

1and2

1and3

2. Nm/tuel cutoff (ctrarging of the EBW firing
unlt and thrust termination )

I

I

i

2and3

MSCO. ASCO (Saturn

spare No.

4.
5.

The main RF carrier (450 MHz) is frequency
modulated by a subcarrier system which in turn employs a multiple frequency shi-ft technique. Theterm
frequency shilt keying is also used to describe the
technique. The portion of the baseband occupied by
the subcarrier system is approximately the same as
that now reserved and used for range safety purpooes
(see Figure 6.5-2). The nominal tone Irequencies,
however, are not the same as the inter-range instrumentation group tone channel frequencies. The tonefrequency spacing is by design an integral multiple
of the character repetition rate. This makes possible a simple phase-coherent tone keymg scheme.

6.3.3 cnoulrD roulPIltNI
A block diagram of the ground system is
luetrated in Figure 6. 3-2.

iI-

When the range safety officer decides to initiate a command from his console, he actuates a
hooded toggle switch. The output of the encoder is
then routed in parallel form to a tone remoting transmitter which processes the message for transmission
over the 8 km distance to the transmitter site. A
tone remoting receiver at the transmitter site demodulates the message and feeds i.t to a modulator that
converts the parallel information to the high-alphabet
11-character format. The 11 dual-tone bursts are
then fed to the AN/FRW-zA Transmitter System and
to the vehicle. For reliability, a completely redundant backup system is provided, with a continuously
monitoring error detector that provides autornatic
transfer to the backup system in case of a failure in
the primary chain (this error detection and switching
circuitry is not shown in the diagram).

Deetruct

|

3.

interval period (and with each other) and are spaced
to minimize intersymbol interference, which
could create unwanted characters.

and phased

1)

Spare (No. 2)

4and5
3 and4

Safe (command system

switched OFF)

, 5and6

Lllli

_

Note: Commands are listed in priority o rder.

6. 3-2

The range safety equipment incorporates a

priority-interrupt scheme that wiII interrupt any command being transmitted and transmit any higherpriority command selected by the range salety officer
or originated by the computer. After completion of
the transmission of the higher-priority command, the
transmisslon of the interrupted command will resume.
The equipment at the downrange sites is ilIustrated in the block diagram of Figure 6. 3-3. All
downrange sites are connected by cable, and when
the range safety officer presses a command switch
on his consble, the command pulse will be transmitted over the cable via the supervisory control system
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Figure 6.3-2 Range Safety Grouud System
(this system will be replaced by a digital rentoting
system in the near future). All sites will receive the
command, and the transmitter on the air at the moment the command is received transmits the nressage
to the vehicle (to keep the onboard receiver captured,
one transmitter is always radiating).

frorn

when the vehicle must be inrerrogated
is
an uprange site, the signal processing and routi]]g
"enstightly diJf erent. As the parallel data Ieave the
coder at the cape central control, they are changed to
serial {orm by a parallel-to-serial converter and then
applied to a serial data remoting transmitter. After
being checked for errors, the serial n)essa[fe will be

received at rhe proper upralge site, converted to
parallel form, and led to the nlodulator. The moduIator will con'ert the binary-coded message to the
high-alphabet 11-character format. This message
is then tra,smittecl to the vehicle.

6.3.4

YIHlCl,t-BORllt

toulPttilI

ANTENNAS
The type and number of antennas used will Lre
such that their radiation pattern meets the requirements of range safetv at the Eastern Test Range.
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RECEIVER

\-

The command signal f rom the ground station

is received in the vehicle with the MCR-503 Receiver.
The same type of receiver is used also in the Instrument Unit command system and is described in
Section 6,2.
DECODER

A logic diagram of the vehicle-borne decoder

is illustrated in Figure 6. 3-5. The front end consists
of the filter driver, optimum decision circuitry, seven
tone filters, and seven threshold detectors. The optimum decision circuitry will be discussed in more
detatl later, h,rt operationally, the circuit can be considered as a hybrid, fast-acting AGC circuil The
purpose of each lilter is to detect a partlcular tone,
and the purpose of the threshold detectors ls to establish the decision level and to amplitude standardize
the output of each filter into a well-shaped pulse suitable for use ln the circuitry which follows.

o

The AND matrix consists oi 21 AND
gates and interconnections to the input
of the code plug. The purpose of the
matrix is to form the main alphabet of
characters from the sub-alphabet of

symbols (tones).

sequence. The register will not provide
a signal to the input of OR 1 i_f a character is rgpeated, which is desirable since
radar blanking could cause a friendly
character to be interrupted. The purpose
of the eight passive time-delay elements
( r ) in the register is to prevent an unfriendly intruder lrom gaining any advantage by transmitting more than 2 tones
simultaneously. Il 3 tones are transmitted, 3 characters will be formed. Because
of the short time delay introduced by (r),
2 of the 3 characters will be recognized as
being out of sequence, even i-f they have the
correct tone coding.
The false-character action.

otoffi9,and

circuit consists

AND 9. The purpose of this circuit is to
provide a pulse whenever, ( 1 ) one of the
unused characters is received, or ( 2 ) a
character is received out of sequence. The
pulse appears at the output of OR 1 and is
routed to 3 places. First, it triggers
FF I to its set state, which inhibits AND I
so that the ENABLE MVB cannot be turned
ON for the duration of the message interval,
regardless of what occurs elsewhere in the

decoder. Second, it passes through

OR3

and clears (resets) the sequence register.

o

o

6. 3-4

The code plug consists of a multi-pin plug
wired in the chosen code-of-the-mission
configuration. The code plug can be
wired in a number of unique ways. The
purpose of the code plug is to unscramble
the code and apply the 9 address character outputs to the sequence register. A
second purpose oI the plug is to present
the 12 unused characters to OR 1.
The sequence register or address memory
consists of: ( 1 ) eight electronlc switches
(SW1 through SW 8), (2)one delay element
consisting of a monostable multivibrator
(DELAY MVB 1) and a trailing-edge dif ferentiator, and ( 3 ) eight AND gates with
inhibiting inputs (AND 1 through AND 8).
ln general, the purpose of the sequence
register is to provide a pulsed signal to
the input of AND 9 if each of the 9 characters of the address word is received in
the proper sequence. A second function
of the register is to provide a pulsed signal (up to eight) to the input of OR 1 i-f one
or more characters are received out of

A third action also to be initiated, provided
that the character corresponding to point
A has not yet occurred, is the triggering of
the interval timer (a monostable multivibrator).
The interval timing circuit consists of

oR

2@ultivibrator,

and a differentiating circuit which produces a pulse at the end of the timed inter-

val.

This pulse resets all decoder circuitry to the proper condition for receiving
another message. Note that the presence
of any of the 21 possible characters will
initiate the timer. The purpose of OR 2
is to allow either the first character
(point A) or any ol the other 20 characters
(the output of OR 1) to initiate the timer.
The function of OR 6 and AI.ID 16 is to
establish a fixed recovery time for the
interval timer MVB.

circuit consists of DELAY
MVB 2, the ENABLE MVB, and the power
switch, The purpose of this circuit is to
The enabling

Astrionics Systent
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ing during the "clear" interval of the seregister. The circuit does not function during the reception of a friendly message and therefore will not be discussed

prevent the function relays from behg
activated until alter the address has lteen
verified and the llth character has arrived. Only when the 9 address characters have been sent in accordance with
the chosen code, wiLl a pulse appear at
the input of AND 9, find it uninhibited, and
trigger DELAY MVB 2. When this multivibrator completes its cycle, the -d/dt
circuit triggers the ENABLE MVB ON for
the function interval. The "ON" state of
the ENABLE MVB closes the power switch,
thus providing power to the function relays

ard associated logic

quence

further.
The lunction relays and logic

the proper commzmd transmission to close
the appropriate relay(s), which supplies

28-volt power to the desired output
functions.

t

circuitry.

Signal tracing a friendly message. The
code jack (Figure 6. 3-5) has 21 inputs
and 9 address outputs. For purposes of
analysis, assume that the code plug is
wired as shown in Figure 6.3-4 (top).

The decoding inhibit circuit consists of
OR 4, OR 5, and AND 15. In general, the
purpose of this circuit is to prevent decod-

t/2 t/3 2/3 t/4

2/4 3/4

circuitry

represent the remainder of the decoder.
The purpose of this circuitry is to allow

t/s 2/s 3/s 4/s t/6 2/6 3/6 4/6 5/6 t/7

2/7 3/7

4n s/7 6/7
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Based on such a code-plug wiring and on
the message lornrat previously mentioned,
the total transmitted message will appear
as shown in Figure 6. 3-4 (bottom) if a
command is to be effected. (The command
is assumed to be destruct. )

'

I

The demoduLated composite audio signal corresponding to the chosen tone pairs is fed from the
receiver to the seven tone filters in the decoder. The
lilter outputs are matrixed to the 21 AND gates, thus
pqoviding the 2l lcquired combinations. The outputs
oi thr, 21 AND.qat('s ar,'wtrt'd lo a connector that
feeds the rrlllrri (,! irit: r','ntot'aLrle code plug. Assuming
the code-pltrg wiring sirown in Figure 6. 3-4, the first
rone pair (1 and 2) will cause a pulsed signal to appear
on the output side of lhe code plug ai point A. The sig-

disrributed to 2 points: ( 1) it turns
r.ral
tire
f
irst
switch (SW 1) in the seqrlence
electrt-rnic
ONr
register, wliich in turn supplies a voltage to the inhilliting inpur oI AND 1l and ( 2) it passes through
OIt 2 and AND i6 and turns ON the interval titrter.
Approxinialcly 8. 1-r milliseconds after the start of the
first character'. lhe secr:nd character arrives. Tone
pair 1 and 3 corr',-,slrortds lo point B, attd a pulsed
signal al this )r,,rrrt is distributed t,-r 2 places: ( 1) it
is applied as a srlnal input lo r\N[) 1, but carulot pass
through l)r'('ausf ol the prese,n(e ol the inhibiting voltxge fro,r, s\\' l; lrnd (2'i lt'r.rns ON SW 2. Ln addition,
the outpul ol SW 2 supplies a voltage to the inhibiling
input of AND 2.
at point A

i.q

The thild through the eighth characters (C
thlough H) cleatc resuits analugous to those of A and
B. When the nrnth-t'haracter pulse arrives (point J),
it riili{ers DI t,AY I\IVB 1 to its "ON" state. When
the nrultivibrator conrpletes irs c1'cle, the -dZ'dt
cirt'uit applies a l.rulse to AND 9. Since the interval
tinrer is in its "ON" state atrd FF 9 is in the "reset"
siate, ANI) 9 will not be inhibited. Thus this pulsed
signirl n,ili irc allcwed t(i pass through and trigger
DELAV N{\rIl 2 tr; its "ON state. Eight i:ud f ive
renths rrrillist,e onds later', tlie ENABLE MVB will be
triggered to its "ON" state. Note that at no tinre durinq tirt: address word rs there an output fronr OR 1.
This is because the arldress is the correct address
and an ()utt)ut [ronr OIti *,ill oecur only i-f the acldress
is not correct. i\i tr.r ihe, nirrth-character pulse turns
ON thr, ENAIll,L NIVIJ, the voltage thus obtained ls
( 1 ) ust'd tr, turn ON the power switch. which in turn
.,ll,lr,I.',
: .i;cl((l:or,rr
'r
i aillr , < lrir, ()F ! -t,itt
i, l li.
1r,t r , '.. lri'l: llir ri. , ,,,t. r' i\ :!'-t
{\,1,
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, -.,1r.(ril

r

I

'

' (- (. r (, s I s t C

' :r'n:L)\'('r'.
rrr,i'<l t,tlr', 'i'

r
I(a('

supplies 28-volt power to the relay armatures, and
( 2 ) used as the supply voltage input to SW 10 .and SW
11. Since we have assumed a destruct commaad, the
tenth-character pulse will be formed by tone pair 1
and 2. This pulse will turn ON SW 10. The output of
SW 10 is applied as a control voltage input to AND 10.
Note that even though the time period of the tenth
character ls over, neither of the 2 relays is as yet
energized. When the eleventh-character pulse arrives, it passes through AND 10 and is used to turn
ON SW 11, thus energlzing both relays in the destruct
channel. Since both relays are now closed, 28 volts
wili be appiied to the appropriate piu ol the output plug
and routed out o{ the decoder to the range salety system controller, which ther.r takes over and initiates
the destruct action and any preliminary critical func-

tions (such as payload jettison,

applicable). As
its cycle, the
power switch will turn OFF, thus turning OFF SW
10 and SW 11. A short time later, the interval timer
will complete its cycle, and the -d,/dt circuits wiil reset all decoder circuitry to the proper state.
i-f

soon as the ENABLE MVB completes

Much attention has been given to llreventing
execution of a catastrophic command should one component (transistor, relal-, etc. ) iail during ilight. In
many cases of component failure, the decoder design

will still allow reliable interrogation.
The purpose of the DELAY MVB 2 is to delay
the triggering of the ENABLE MVB lor 8.5 milliseconds. This is necessary if complete lreedom of
choice for the ninth-character coding is to be maintained, for observe what would happen if the ninth,
tenth. and eleventh characters were coded as follows
(assuming that DELAY MVB 2 was not present):

grh
10th
5andC 1and2

1lth
1a:rd3

Destruct conrmand
Since the ninth character eorresponds to the
o{ the safe command, and
since the ENABLE IVIVB would be turned ON upon
rec,ognition of the ninth character, SW 14 would turn
ON. This would degrade reliability and inclease the
probability of a conrnrand translation, since the intended command is destruct. Delayi:tg the turn-ON
o1 the ENABLE MVB unril the time period of the
ninth character is uveri solves the prt-rblenr without
r(.srrtcting the choice ol the ninth character coding
to une ol the codes not used for a tenth character.

first function-character

)
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CT,OSED-LOOP CHECKOUT

Table 6.3-2 Characteristics oI the Command Decoder

UntiI such time that a full security requirement is placed on flights ol the Saturn Vehicle, the

Number of inputs

be openly transmitted during the prelaunch countdown. This wili be done to
Iacilitate the pad checkout procedures.

Type oI inPut

Audio (75 ohms)

Audio input level

1 V rms per tone (1.4 V rrns
per tone pair)

Input dynamic range

At least 12 db (0. 56 V rms
to 2.2 V rms)

Sensitivity

Approximately 0.2 V rms at
room temperature

code-of -the-niission

will

If it is ever necessary to utilize the full
security capabilities of the system, then a closedloop prelaunch checkout procedure will be used in
lieu of the open-loop transmission. In anticipation
of such a requirement, a closed-loop procedure is
being developed which rvill be compatible with the
range procedure.
The characteristics of the Command Decoder
are given in Table 6.3-2.

Two (isolated) : receiver and
hardwire

Number of command
outputs

Type of output

Five
Switched +28 Vdc rated

2

amperes (resistive) each
output

Duration oI output

milli-

Approximately 25
seconds

Type of code plug

Quick disconnect (Deutch)

Weight

3. 85 kg (8. 5 lbs)

Power
Quiescent

2.5 watts (no audio input)

Operating

3 watts

Input voltage

+24

to +38 Vdc

Outline Dimensions

cm (4.24 in. )

Height

10. ?9

width

22.6 cm (8. 9 in.

DePth

18.39 cm (?.24 in.

)
)
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SATURN COtIIfrIAilD
6.{.t

AilD COfiIfiIU}IICATIOil

Gt}ttRAt HIRoDUCTIoil
The Command and Communication System

(CCS) uses a phase-coherent,

receiver-transmitter

scheme and is capable of establishing a communication
link between Unilied S-Band (USB) ground stations and
the IU of the Saturn V Vehicle. Specificallv, the CCS

car:

o

Receive and demodulate comrnand up-data

lor the LVDC,/LVDA in the

IU

Transnrit Pulse Code Modulated (PCM)
mission control measurements to the
'ground stations for processing
Retraasmit a Pseudo-Random Nolse (PRN)
range code that is received from the USB
ground stations.
The

CCS

is located in the IU and consists of a transamplifier, and an antenna system.

ponder, a power

The t.rperational requirements of the CCS include

down-link. Ranging
is desirable but not mandatory, and command up-data
is not required on a continu<lus basis thrrughout the
entire lunar mission. The requirement lur contnrand
up-data varies accordiag to the particular phase ol
the flight profile. During the launch phase, there is
no requirenient for up-data since the launch is of such
short duration that there is not su{f icient time to
conrnrand up-data and telemetry

anaiyze and make an action decision on unpredictable

situations. The LVDC is triple-redundant and is
programmed for all predictable situations.
After insertion into an earth parking orbit,
will be required on a non-continuous
trasis. If all systems are functioning properly, the
LVDC will be corrected (iI necessary) and updated
with the data required to accomplish translunar injection. At a distance <.rf approximately 20r 000 kilometers (10,800 nautical rniles), the S-IVB/IU separates from the Spacecra-ft and is no longer needed for
command up-data

mission success.

SYSTEIIT

During the launch and earth parki:rg orbit
phases, VHF transmitters are the prime telemetry
source. However, at distances of approximately
10r 000 kilometers (5400 nautical miles) and greater,
VHF transmission is inadequate, primarily due to
vehicle and ground aatenna gains. After injection,
the CCS Transponder becomes the prime telemetry

link.
Under normal circumstances, there is no
mandatory tracking requirement {or the CCS. During
Iaunch, tracking is provided by C-band beacons and
surface radar, with the Spacecraft transponders
providing tracking aid during other phases. However,
the CCS Transponder will have tracking PRN receivetransmit capability and may be used as a backup to
the Command and Service Module (CSM) Transponder
in case of failure or desire for a cross-check.

Since the CCS and LM Transponders have
identical frequencies, a possibility of interference
exists i-f the two are operated simultaneously at close
ranEle. The CCS Transponder has the capacity to shut
dowu its transmitter section by an external comnrald.
This shutdou/n comrnand will be initiated before the LM
Transponder is used. The CCS Transponder receiver
section will rernain operative so that commands may
be received at all times. It is desirabl.e that the CCS
Transp<"rnder transnritter section be turned back ON
after sufficient separation from the LIvI Transponder.
This will allow receive-transmit rurging to better
de{ine the trajectory of the S-fVB/IU alter separation
from the spacecraft.

6.{.2

CC5

CotPoilt}tl5

CCS TIL{NSPONDER

)

The CCS Transponder is an S-band, continuouswave, phase-coherent transponder that is used as the
communications link between the ground stations and
the Saturn V IU.

6.4-1
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two signals are combined in the first mixer to produce
the usual superheterodyne frequencies at its output.

tn addition to the receive-transmit conventional

lanspgnder function, the CCS Transponder incorpora demodulating function for the up-data (received)
signal and a modulating function for the down-link
(transmitted) signal. Also, both input and output
telemetry functions are available in the CCS Transponder. The-overall purpose of the CCS Transponder
can be described briefly as follows:

'-a?es

r

Receive and demodulate conrmand data
updating the LVDC.

o

Transmit mission control telemetry measurements from the Saturn V Vehicle.

o

Coherently retransmit a PRN ranging code
that is received from the ground.

Following the lirst mixer is a preamplifier
that
stage
includes a bandpass filter, which passes only
the dilference-frequency component oI the mixer output.
The gain of this circuit is controlled by an AGC voltage

from an AGC loop circuit.
The output of the preampli.fier is applied to the

for

first IF amplifier. This amplilier provides gain to
the first IF signal (with gain control again being a function of AGC voltage) before application to a second
mixer.

The CCS Transponder consists of a doubleconversion, phase-coherent receiver and a continuous
wave transmitter in which the received and transmitted
signals are integrally related in both frequency and
phase. Fi.gure 6.4-1 is a block diagram of the CCS
Transponder.

.--'

IF signal that is amplilied by the limited ampli-tier is
applied to a phase-lock loop circuit and Voltage Con-

Transponder. The preselector eliminates un-

trolled Oscillator (VCO).

ranted frequencies and passes the desired frequenci.es

to the

The secclnd IF output signal from the bandpass

filter is applied simultaneously to a linear second IF
amplilier and to a limited second IF amplifier. The
second IF signal that is amplilied by the linear amplifier is applied to the AGC loop circuit. The second

The S-band signals received by the IU CCS
antenna system are coupled to a preselector in the
CCS

The second mixer receives a signal frequency
from a x3 frequency multiplication circuit. The second
IF output of the second mixer is applied to a bandpass
filter and to a demodulation and detector circuit.

first mixer.
The second IF signal lrom the second mixer is
applied to the demodulation and detector circuit and is
phase demodulated, leaving a PRN rangin code and a

The first mixer also receives a signal frequency lrom a x108 frequency multiplication'circuit. The
RF
I

npui

AGC Loop
Circ,rit

From

2nd lF Amplifier
(Li neor )

Antennos

Preomplifier &
Bondposs

Filter
Demodulotion &

PSK Audio

Dele ctor

To Commond
5y:tem

Circuit

Te I c

2'r

r lt Amolif

ier

([rmited)
PRN Code

RECEI'/I'T 5ECTION

matry

Outpurt
Tc Telercrry

TRANSMITTIR SECIION

Molulotion Circuit
& r30 Mvltiplier

Conlrci
AmPlrlr9r

P,1,r

il iory

Osc

iI

lotor

I,l

IJigure
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Tr lemetr
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l

RF Output
Anlenno:
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frequency-nrodulated 70 kP,z subcarrier. The PRN
rmging code is sent to the transmitter section for
modulating the down-link signal. The subcarrier is
denrodulated bv the detector circuit i:rto a comp<;sile
audio signal tliat contai:ts PSK digital inforrtration.
This signal is then applied to the [U cr:mnrand systelrl
Command Decoder

lor

via the IU command system. Standby (warmup) and
operational modes are provided for in the amplifier
design. The CCS Power Amplifier is divided into
trvo functional sectitrns: an rf channel and a power
supply. Figure 6.4-2 is a block diagram of the CCS
Power Amplifier.

decoding and ultimate use by

the LVDC. The demodulator cirrcuit is disabled
receiver is not in phase-lclck.

if

the

is in phase-Iock with the
received signal, the VCO in the phase-lock loop provides a signal to a control amplifier irr the transmitter
section. If the receiver is not in phase-lock, this
signal is disabted by the control amplifier before
reaching a x4 f requency multiplier. In this case, an
auxiliary oscillator is enabled to provide a signal to
the x4 frequency multiplier at the same frequency.
In this manner, a carrier signal is applied to the x4
frequeney multiplier i-f the receiver is either in or
When the receiver

The rf charrnel is shown on the top haU of
Figure 6,4-2. The rf input is applied to an attenuator,
which limits the input power to a Travelilg-Wave
Tube (TWT). The TWT, used for its broad-band
power amplilication characteristics, ampli-fies the rf
signal and applies the amplilied signal to a harmonic
suppression filter. The output of the filter is then
applied to an rI isolator. This circuit prevents damage to the TWT that may be eaused by possible mismatches present at the output of the CCS Power Amplifier. The output slgnal is then filtered in a bandpass
filter and applied to the rf output for connection to the
CCS antenna system.

out of phase-lock.
The x4 frequency multiplier provides an output

for a modulation circuit

and x30

multiplier that is

the fourth harmonic of the VCO or auxiliary oscillator signal Irequency. This carrier signal is applied
to the modulation circuit, where it is phase modulated
by a 1. 024 MHz biphase-modulated subcarrier that is
generated in a biphase modulator and subcarrier oscil-

lator clrcuit. AIso, il the receiver is in phase-lock,
the PRN ranging code is similarly modulated on the
carrier. The phase-modulated carrier is then given
x30 frequency multiplication, ampli-fied, and filtered
before leaving the CCS Transponder as the down-link
signal. The output signal from the transmitter, however, may be disabled by a command input signal, and
the CCS Transponder will then function only as a re-

The power supply is shown in the lower half of

6.4-2. An RFI assembly filters the incoming
28 Vdc power and applies it to a voltage regulator.
In addition, the RFI assembly filters lelemetry status
Figure

signals provided by the CCS Power Amplilier and a
high voltage control signal that is received as a command signal from a ground station. Status signals
from the CCS Power Amplifier are transmitted to the
ground via the fU telemetry system to allow monitoring
of principal per{ormance parameters.
Table

6.4-1.

CCS Transponder Characteristics

ReceivedFrequency... 2101.8 MHz
Transmitted Frequency

.

2282.5 M.Hz

ceiver.

Offset Ratio

221./240

?he CCS Transponder als<.r provides four isolated telenretry outputs fr-rr the IU telemetry system.
These outputs are used to monitor the CCS Transponderoperation from the ground.

Receiver RF

12 MHz

Table 6.4-1 lists the main characteristics of
the CCS Transponder.
CCS POWER AMPLIFIER

The CCS Power Amplilier amplilies a modulated S-band signal for transmission from the Saturn
Vehicle to ground stations. This rf signal is generated within the CCS TransPonder.

Operation of the CCS Power Ampti-tier is controlled by commands received Irom ground stations

Bandwidth

Transmitter RF

25 MHz

Bandwidth

Dynamic Range

100 db

Tracking Range

i

TransmitterPower....

250 mW

lnput Power

35 Watts

InputVoltage...

28 r4Vdc

Weight

9.75 kg (21.5 lb)

Dinrensions

13.7 x 24.9 x 37.8 cm

180 kHz

(5.4 x 9. I x 14.9 in.

)
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Figure 6.4-2. CCS Power Amplilier Block Diagram
Table

6.4-2

CCS Power

InputVoltage....

Amplifier Characteristics
Vdc

28

Power Consumption
Operate Mode
Disable Mode

.

95 watts
20 watts

Center Frequency

2282.5 MHz

Bandpass

2O

Drive Power

250 to 500 mW at

MHz Flat r 1 db

lnput power (28 Vdc) is applied to a voltage regulator which provides regulated 20 Vdc power for operation of the collector and hellx converters. The collector converter provides a cathode reference of 0 Vdc
and a collector operating voltage oI 1200 Vdc for the
TWT. The helix converter provides Etn anode voltage
of 1800 Vde and a helix voltage of 1650 Vdc, for operation of the TWT. All TWT voltages are measured
with respect to the cathode.
Table 6. 4-2 lists the main characteristics of
the CCS Power Amplifier.

2282.5 MHz
Output Power.

.

15 watts (min)

Input Terrninal

.

50 ohms nominal at

Impedance

Output Terminal
lmpedance

a

vswR L 1,3:l

50 ohms nonrinal at
a VSWR Ll.5:L

Output Isolation

20 db (min)

Output Spurious

No greater than negative 95 dbm at 2104

Response

,.

Weight
Dimensions

6.4-4

5 MHz

. . 9.072 ks (20 lb)
41.1x16.8x13.?cm
(14.2 x 6.6 x 5.4 in.)

CCS ANTENNA SYSTEM

The CCS antenna system is designed to meet
3 requirements:
To provide adequate coverage for prelaunch
conditions.
To provide the wide angular coverage
required at low altitude during earth
parking orbit.
To provide narrow angular coverage of

all etations which are optically visible
during the period from injection to Spacecraft separation.

Astrionics System
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To meet these requirements, the system consists of al omnidirectional antenna pair for the receiver section of the CCS Transponder and an omnidirectional pair arrd a directional antenna for the
transrnitter sectir)n of the CCS Transponder. Figure
6.4-3 is a block dragram of the CCS antenna system.
The omnidirectional pair for the receiver section is
permanently connected and t'ssentially maintains
omnidirectional angular coverage for the receiver from
launch throughout the mission. The transmftter section of the CCS Transponder operates into an omnidirectional pair from launch through injection to a point
approximately 10r 000 kilometers (5400 nautical miles)
from the earth. At this distance, the path loss beeomes great enough to require additional gain from
the vehicle antenna system, and the transmitter is
then switched to a single, multi-gain directional
antenna.

A dc switching signal from the IU Switch Selector positions the CCS Coaxial Switch to one of its
three otrtput positions. For CCS transmissiorrs of
relatively short range, the transfer path of the CCS
Coaxial Switch routes the rf signals to the two CCS/
PpM omnidirectional antennas, via the CCS Hybrid
Ring. These antennas use an omni, or dispersed,
radiation pattern to propagate the rf energy earthward.
The omnidirectional antenna elements are located

diametrically opposite on the vehicle body and are
driven with equal power.
For mediunr range transmissiors, the CCS
Coaxial Switch is switched to its second $osition. The
rf signal is then routed to the low-glain element of the
CCS directional antenrla, which has two sets of radiating elements: one for low-gain and one for highghin radiation. Long-range transmissions uti.Iize the
high-gain, narrow-tream element of the antenna and
are routed through a third position of the CCS Coaxial
Switch. The beamwidth of the directional antenna is
adjustable, in two steps, so that the beamwidth may
be reduced. (As the r:ange becomes greater, the angLe
subtended by the earth becomes smaller, and ihe required gain increases. ) The orientation of the directive antenna pattern remains fixed with respect to the
vehicle, and directing of the pattern toward the ground
stations is accomplished by attitude control of the vehicle.
The CCS Transponder and PCM/UHF telemetry
system transmitter may be switched to share omni-

directional antennas or to their separate directional
antennas as just described. The PCM/UHF telemetry
system is included on the figure because of the CCS
Hybrid Ring function in connecting the two systems to
a common antenna network.

Receiving
Antennos

Tronsmitting
Antennos
High
I

i'.11,*,,0.,
L-----J
I

Omn id ire ctiono

Goin

iiifi::'
l-*lL-----J

Low

i

CCS

Directiono

I

(Jor n

I

CCS/PCM

* A cooxiol termi notion will

reploce
the PC^4rIUHF input on vehicles not
using the PCM/UHf telemetry syrtem.
The CCS Hybrid Ring then effectively
becomes o power divider.

lU Switch Selector

ccs

Signols

Hybrid Rins

I
!- iv:Js-l
I
;

PcMnHF
Telemetry

I

PCtVVnr
Cooxiol
Switch

Omni-

*

directionol

Hish
Goin
Low

PCM

Direcl ionol

Goin
IBM 82,t?

Figure 6.4-3. CCS Antcnna Systenr []lock Diagram
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TRACKIilG INSIRUiITilIATIOil
tic tracking ship. These stations have dual tracking

The purpose of radio tracking is the determination of the vehicle's trajectory. Tracking data
is used lor mission control, range safety, and postilight evaluation oI vehicle performance.

capability; i. e., they can slmultaneously track the
two S-band transponders on the vehicle (one in the IU
and the other in the Apollo Spacecraft). The S-band
station on Bermuda has only a single capability and
will track the Apollo Spacecraft transponder.

The Saturn vehicles carry several tracking
tra-nsponders as listed in Table 7. 1-1. A combination of tracking data from dltferent tracking systems
provides the best possible trajectory information and
increased reliabiJity through redundant data. The
tracking of the Saturn Vehicle may be divided into 4
phases: (1) powered flight into earth orbit, (2) orbital

Ilight, (3) injection into translunar trajectory,

During orbital {light, tracking is accomplished
by S-band stations of the Mamed Space Flight Network
and by C-band radar stations listed ln Table 7.1-2.
The Deep Space Instrumentation Facility S-band stations can track the Apollo Spacecraft to the moon and
will also be involved in tracking alter injection. Tracking information collected during orbital flight may be
used to update the Saturn guidance system before injection.

and

(4) coast flight after i.njection.

is required during powered
A
tracking
ship will be located
flight into earth orbit.
very
irnportant tracking data,
in the Atl.antic to obtain
required for orbit determination, during the insertion
into earth orbit. Figure ?.1-1 shows tracking stations
used during the powered fiight into earth orbit. The
number of stations which can "see" the vehicle depends
on the launch azimuth. Station visibilities are indicated
in l'igure 7. L-2 for launch azi.muths ol 72.5 degrees
Continous tracking

and 105 degrees. The figure is based on a tWical
Saturn V powered flight trajectory.

In addition, the Saturn Vehicle

ironi S-band stations at

will

be tracked

Cape Kennedyrand on the Atlan-

Table 7.

1-1

Tracking System

Frequency Range

C-Band fladar

5400

-

5900 MHz

In addition to land-based stations, five tracking ships, equipped with C-band radar and S-band
stations, will be available. One of these ships will
be used for insertion tracking in the Atlantic.

Tracking requirements for the launch vehicle
during second burn of the S-IVB Stage ;rnd during the
flight period following injection have not been completely defined. Stations listed in Table ?.1-2 will
participate in this operation. The DSIF and MSFN
stations have essentially the same capabilities. AII
S-band tracking stations will be equipped for reception of PCM telemetry at UHF frequencies.

Saturn Tracking Equipment

Location

AU flight

IU

all Saturn IB and
all Saturn V

Launch

ru

201
501

Launch

S-IB
S.IC

all
all

All flight

ru

all Saturn V

phases

AZUSA/GLOTRAC

5000 MHz

ODOP

890

S-Band

2000 MHz

-

960 MHz

ectivity

Utilization

Eff

Saturn IB
Saturn V

phases
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Table

?.1-2 Orbital Tracklng

Stations

S-Band ?racking

fiame and Location
Cape Kennedy, Florlda

Sinslel tuit.l
nnr I ora I
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7.2

C.BAilD RADAR
moduLator, transmitter, and power supply. The
duplexer (a 4-port ferromagnetic circulator) provides

The function of the C-Band Radar Transponder
(!lod,et SST-135C) is to increage the range and accuracy d the radar ground statlons equipped with AN/
FPg-10, and AN/FPQ-6 Radar Systems. C:band
radar etations at the Kennedy Slace Center, dong
the Atlantic Missile Range, and at many other locatlons around the world, provide global t.racking capabilitiee. Beginnine wlth Vehicles 204 and 501 two
C-band radar transponders will be carried in the IU

lsolation between receiver and transmltter. Interrogatlng pulses are directed from the antenna to the
receiver, and reply pulses are directed from the
transmitter to the antenna The preselector, consisting of three coaxial cavaties, attenuates all RF signals
outside the receiving band. The received signal is
heterodyned to a S0 MIIz intermedlate frequency in
the mixer and amplified ln the IF ampltfler which al.so
contains the detector. In case of coded tranomisslon,
the decoder module provides a pulse output only tf the
eorrect spacing exists between pulse pairs received.
The shaped-pulee output of the decoder is directed

to provlde radar tracking capabilities independent of

thc vehicle attltude. This arrangement is more .
reliable than the antenna switching circuits necessary
lI onlv one transponder would be used.
The transponder reeeives coded or single
pulee interrogation from ground stations and transmlts a eingle-pulse reply in the same frequency band.
A block diagram of the transponder ls shovm in Figure

to the modulator which convertg it tnto a high-power,
preci.sely-shaped and precisely delayed pulse which
is applied to the magnetron to produce the reply
pulse. Six telemetry outputs are provided: input aignal level, input PRF, temperature, lncident por"L",

7.2-1. { common antenna 16 used for receiving and
tranemittlng. The transponder consists of five functlonal systems: superheterodyne receiver, decoder,

reflected power, and reply PRF.

fl"r',d"TI-l

lnput
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lt"'0"*i'Jil
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I
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I
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I
I
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F

I
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I
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Figure ?.2-1 SST-135C Transponder System Block Diagram
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Semiconductors are used in all circuitry, with
the exception of the local oscillator and magnetron.
p characteristics of the transponder are given in ,

Table

7.2-2

Radar Ground Satior Charactcrldlct

AX/rpg.16

\able 7.2-1.

Frequency band (MHz)

..

6{O0.teO0

Peak power (mw) .
The radar ground stations determine the position of the vehicle C-band transponder by measuring
tuitenna elze (meters). . . .
rtuge, azimuth angle, and elevation angle. Range is
tuitenna Sain (db)
derived from pulse travel time, and angle trackirg ls
accomplished by amplitude-comparison monopulse
Receiver noise figure (db)
techniques. As many as four radar stations may
Angle prectston (unita) . '. .
trach the beacon simultaneously. Some data about
in
the AN/FPS-16 and AN/FPQ-6 radar is listed
Range preclalon (meters). .
Table 7.2-2.
Table ?.2-1 C-Band Radar Traneponder, Model SST-135C

fiOO-tbOO

t
- 3.0
41
6.5
0. 15
4. 5

Receiver Characterietics
Frequency (tunable externallY)
. Frequency stabilitY
Bandwidth (3 db)
Off -frequencY

Sensitivity

8.0

1.

0.2

ta

I
0.

3.0

to 5900 MHz (set to 5690 +2 MHz)
* 2.0 MHz

5400

10 MHz
50 db image; 80 db mlnlmum, 0.15

to 10,000 MHz
range
and all
over
entire
frequency
dbm
-65

rejection

(9970 rePlY)

environments
Maximum inPut signal

+20 dbm

Interrogation code
Pulse width

0. 2

Pulse spacing
Decoder

or double pulee
to 5.0 us (single pulse), 0. 2 to 1.0 us

Single

(double pulse)
Continuouely settable between 5 and 12

*0.05 us
+0. 25

limits

us

)

accept, * 0.85

ur

(set to 8

us reject (5 to 12 uc )

Transmitter Characteristics
FrequencY (tunable externallY)
Peak Power outPut

5400 to 5900 MHz (set to 5?05 * 2 MHz)
400 watts minimum, 700 watte nominal

Pulse width
Pulse jitter
Pulse rise time (10% to

0.020
907o)

Drty cYcle
VSWR of load
Pulse rePetition rate

1.0*0.1us

us ma:rirnum for signals
0. 1 us ma;rimum

above -55 dbm

0.002 ma:rimum
1. 5: 1 maxtrnum
10 to 2000 ppE; overtnterrogation protectlon

a1lows interrogatton at much htgher ratcg vlth
cornt - down; r epllee during over interroglation

meet all requlrements
Traneponder Characteristics
RecoverY time

Fixed deiaY
Delay variation wlth signal level

Power requirements

Primary current drain
Welght

7.2-2

50

us single pulse,

62

us

1

double pulse maxlmum

for input BiCnal levels differing by up to 65 db
(recovers to full eensltlvlty wlth no change ln
transmitter reply power or frequency with multiple
radars interogatlng eimultaneously)
Settable 2 + 0. 1 and 3. 0 to 0.01 ug (set to
3.0 * 0.01 ue )
50 nanogecondB maxlmum from -65 dbm to 0 dbm
24 to 30 volts
0. ? ampere sta4dby; 0.9 ampere at 1000 ppc
2.5 ks (5.5 tbs)
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7.3

AZUSA/G| oTRAC
7.3.t

AZUSA

AZUSA is an interferometer tracking system
which determines the position of a vehicle-borne
transponder. Two AZUSA stations are in operation,
one station (MK tr) at Cape Kennedyand the other
station (MK I) at Grand Bahan.ra Island. The AZUSA
system provides real-time tracking data used for
range salety impact prediction and post flight trajectory analysis. AZUSA stations cover only a portion
of the Saturn V powered flight trajectory.
The position of the vehicle (treursponder) is
determined at the AZUSA ground stations by measuring range (R) and two direction cosines (1, m) with
respect to the antenna baselines. The axtenna layout of the AZUSA MK tr station, shown in Figure
7.3-1, consists of two crossed baselines (at right
angle) with three antenna pairs each. The transmitter antenna (T) radiates a CW signal at 5 CHz to the
vehicle. This signal is offset by 60 MHz in the traasponder and retralsmitted to the ground station receiv-

ing antennas. The direction cosine, with respect to
a baseline, is obtained fronr the measurement of the
phase difference between si.gnals received at spaced
antenna

pairs along this baseline. The range to the

transponder i.s found by measuring the phase di.fference between transmitted and received signal. For
range ambiguity resolution, the transmitted carrier
is modulated with several low frequencles.

Lx

I =COSA=

T

mrcorp=

t
R

T:

Tronsmitter Antenno

DF: Direction Finder Antenno (Receiving)
XF, XR, YF, YR: Receiving Antennos
L: Distonce betvreen ontennos
I inc
Length

Bose

Direction cosine measurement is accomplished
by using the artennas i.n pairs to provide baseliaes of
5 meters, 50 rneters, and 500 meters as indicated in
the table of Figure 7.3-1. A conical scan antenna
(DF) yields unambiguous dlrection measurement and
furnishes ambiguity resolution for the 5-meter baselhes. The 5-meter baselines resoh'e arnbiguity for
the more accurate 50-meter baselines, and the 500meter baselines supply in-formation for computing
cosine rate data. The direction finder antenna DF
(conical scan antenna) provides pointing information
for all other antennas.

An iennos

Lra

xFl DF

XI

XFI

XF2

xR

-YI
- YFI
YF2 - YR

,

Meosurcments

Ly

5m
50m
500 m

DF

5m

YF2

50m
500 m

lnlermediote cosa
Fine cosc
Roie cosa
lntermediote cosB
Fine cosB
Rote cosB
ISiI

Figure

7.3-l

AZTJSA (MK

B77

tr) Ground Station Layout
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The signals received at the two spaced antennas of un a:ttenua pair have a phase clif{ert'nce rartsed
ih" dilference in range between the transponder anC
\rs'ach of the altennas. This phase di.Iterence is measured and used to compute the direction cosine. The
accuracy of the measurement increases with increasing baseline length, but data becomes ambiguous and
coarse meagurements are necesaary lor ambiguity
resolution.
Ralge is determined at the ground station bY
comparing the lnstantaneous phase oI the transrnrttr:d
modulation signal tr; that of the received modulation
signal. The resulti.rrg phase di.fference is directly
proportional to the propagatlon time from the ground
station to the transponder and back to the ground
station. In other words, phase dilference is proportional to range. Usiag a high range modu "rtion frequency to obtain fine resolution, results ir: output data
that are ambiguous, the number of ambig' ities is proportional to the modulation frequency.
The arnbigui.ties in range measure'nent are
resolved by using three modulation freque:'.cies that
are obtained by the frequency divisi<ln oI I single,
precise, Irequency source at the qround :' tion. The
phase shilt is rreasureti l,;r each orre o{ t.;: ss fiat*on'ally relateo ircquencies. The lorver frli.rency phase
r---tta is used to lesolve the ambiguities in the next
higher {requeucy' ptras.e data. This arrangernent has,
as adva;rti6*rs, tli'.' r'esolr,i,rg po\r/er cu t}te highest Irr:quency signai .lrd [ire extended unambrguous ra]I{e
data provided by lhe lower data frequency. The r:rbdulation signals u.sad Ior range measurement are 157.4

Hz, 3.934 kHz, and 98. 356 kHz. The fine range
modulation signal, 98.356 kHz, remairs ON at all
times so the transponder can "lock-on" with the
ground station. Higher resolution range data is obtained by coherent carrier phase comparison.

r The eoherent transponder includes a phast:control loop in wiiicli the 98.356 kHz firie . arrge rr -..1uIation frequency is multiplied by a factor oI 612 ru
establish the trur.spor:der olfset frequenc' (60. 194
MHz) .rnd a {requency and phase-coherent response
signal (5000 MHz).
At the,grorrnd station, the 98.356 kllz irequency
is also multiplied by 612 to equal the tralsponder off set frequency (60. 19a MHz). Both, the 5000 MHz signal received from the transponder- and the data signal,
are heterodyred wiih a- i; caI ()riciilator sigual to obtai-n atriproximately 5 \{Hz. Data lurd r<.ft,rence sigis are then fed i.nto a discrirninaior rvhich provides

\ne

pulse (count) output

7. 3-2

lor

each 360-degree phase

dilference (1 cycle) in the input circuit. Plus and
minus pulses are fed on separate lines to a bidirectional counter. Thr: coherent carrier range data is
then fed to an IBM ?090 Computer with the direction
cosine data (1, rn) and modulation-derived slant range
data. The computer, using 20 input samples per sec,rnd, solves the equatlons for the position of the vehicle.
AUTOMATIC FREQUENCY CONTROL I,OOP

r
'l'he AZUSA Type-C Transponder used in the
Saturri Vehick:s is a part of the overall AFC toop in
Lhe AZUSA system (Figure 7.3-2). tlpon transponder
activation, the klystron transmits a 5060. 194 MHz
signal which is swept *2 MHz by a Li Hz internal
sweep generator. This enables the ground station
urd the transponder to find a common frequency so
that lock-on can occur. When frequency lock-on
oceurs, the 5060. 194 MHz signal transmitted by the
ground station will be shifted slightly by AFC action
so that, alter the transponder receives the si.gnal and
retransmits it, the frequency received by the ground
station receivers will be 5000 MHz. The 5060. 194
MHz (plus Doppler) signal entering the transponder
receiver is mixed with a fraction of the retransmitted
signal to produce a 60.194 MHz offset frequency. A
lrequency discriminator is used to maintain the offset
frequency within 30 Hz,
Phase iock between the transponder and ground
slation is established by multiplying the line range
modulation frequency (98.356 kHz) received from the
ground station a:rd using it as a reference for a phase
discriminator. This phase discriminator has higher
output gain than the fretluency loop discriminator and
holds the transponder oflset frequency (60.1g4 MHz)
correct to within a fraction of a cycle. The T1rye-C
Transponder uses this combination frequency-phase
discriminator to obtain maximum stability in both
AFC and APC loops. This coherent condition il the
transponder enables phase measurements to be made
at the ground station between the received 5000 MHz
sig,n'ri and the 5060. 194 MHz transmitted signal
(lreter..rdlned to 5000 MI{z) to obtain high-resolution
inclenrental range data. Similarly, phase comparison
o{ the tralrsmitted and received 98.356 kHz modulation signals produces non-ambiguous range data.

Before lock-on, the transmitter local AFC
Ioop and the locaI over-all AFC loop are used to keep
the grouncl station transmitter frequency at 5060.1g4
MHz. When the ground station and the traasponder
irre f requency locked, a 5 MHz signal from the ground
statit;n ra:rge receiver IF amplifier controls the overall AFC loop. This high-gain loop overrides both the
lllcal over-iill AFC i,iop and the transmitter AFC loop
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Figure 7. 3-2 AFC Loops, Ground Station and Transponder
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(Figure 7.3-2). Should the return signal received from
irom 5000 MHz at the ground
'station receiver, the ground station receiver will detect the error and cause the ground station transmitter frequency to shift slQhtly in a direction to correct
the error (through AFC action). The transponder receiver detects the frequency or phase change.and corrects the return frequency so that the offset frequency
remains exactly 60. 194 MHz (through the transponder
AFC and APC loops). Thus, the vehicle-to-ground
link maintains a constant frequency (5000 MHz) at the
ground station receivers despite systematic frequency
dri-ft and fioppler shift.

A 4.994 MHz reference signal for phase lock
is provided as follows: The 98.356 kHz range signal
is directed through the compensation network, an
amplilier, and two crystal filters, to a frequency
multiplier circuit. Here the signal is multiplied to
60. 194 MHz, (One crystal filter is in the compensation network subassembly and one is in the sweep oscillator subassembly. ) The 60. 194 MHz signal
enters the phase network and is mixed with 55. Z MHz
Irom the receiver second local oscillator to obtain
the 4.994 MHz reference for the phase discriminator,

-the transponder deviate

'--

In the compengation netwolk, the phase and
frequency discriminator error voltage from the phase
network overrides the output from the sweep oscillator.
It is then combined with the 98. 356 kHz range modulation and fed to the modulator. In the modulator these
slgnals are superimposed on the klystron anode voltage. The dc error signal maintaias phase lock between the 5060. 194 MHz received signal and the b000
MHz response signal. The 98. 356 kHz is used to
modulate the response signal. The 98.356 kHz phase
shift in the transponder is held to an absolute minimum
so that phase comparison of the received signal and
transmitted signal at the ground station will indicate
actual range to the transponder.

TRANSPONDER

In the transponder (Figure 7.3-3), the
5060. 194 MHz interrogation signal and the 5000
MHz klystron local oscillator signal produce a 60. 194

:

MHz IF, or offset frequency, in the crystal mixer.
This signa] is mixed with a 55.2 MHz second local
oscillator signal. The second IF (4. 994 MHz) is amplified ard fed to the receiver frequency discriminator
where the range signals which modulate the ground
station carrier are detected, This range modulation
(98. 356 kHz) is fed to the compensation network. The
1.994 MHz IF signal is also fed to the phase network
and to one side of the frequency-phase discriminator.

To Antcnno

-->

5060.194 MHz

+

The waveguide subassembly is designed with
filters internalty connected to a symmet-

two baadpass

4.994 MHz

60.19,{
MHz

5000 MHz

100 Hz io
100 kHz

55.2 MHz

Phose Error

dc io

-35Vdc&
28 Vdc Powcr

I@

kHz
98.

1.4

HzSweep

-['--]

Frequency

Mulriplier

28Vdc Powcr

6.3 + l5 -905
Voc Vdc Vdc
To

All Actlvc Asrembll*

Figure 7.3-3 AZUSA Transponder Block Diagram
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rical Y section. Ihis arrangement permits the use of
a single receiving-transmitting artenna. The klystron
output is carried to the 5000 NIIIz filter by coaxial
cable. The si.gnal passes through a 3-section f ilter,
the symmetrical Y, and a waveguide-to-coaxial transition a-nd is carried to the anterura by coaxial cable.
A 5060.194 MHz signal entering the antenna passes
through the same coaxial cable into the waveguide. A
2-section filter passes the incoming 5060. 194 MHz
signal and a small amount of the 5000 MHz signal
present in the symmetrical Y to a crystal mixer which
produces a 60.194 MHz offset frequency.
The Type-C Transponder uses transistors in
all circuitry except for the klystron. The Type-C
Transponder operates also with GLOTRAC stations
described briefly in the following paragraphs. Table
7.3-1 lists the characteristics of the AZUSA system.

7.3.2

G1OTRAC

GLOTRAC (GLObal TRACking) was originally
planned as a global tracklng system, but changes ln
programs restricted the number of ground stations.
GIOTRAC uses the AZUSA Type-C Transponder in
the vehicle. GLOTRAC ground stations are equipped
with either a transmitter or a receiver or both as
indicated in Figure 7.1-1. Both existing AZUSA stations may be considered as part of GLOTRAC. The
transponder in the vehicle is interrogated by an
AZUSA ground station or by a GTOTRAC transmitter
site. The transponder oifsets the received frequency

to GIOTRAC receiving
sites where the Doppler shift is measured by comparing the received signal with the transmitter signal
(i.f receiver is located near the transmitter) or with
a local frequency source. The measured Doppler
shilt provides the range sum similar to ODOP (refer
to Section 7.4). At GLOTRAC stations equlpped with
both a transmitter and receiver, the range to the
transponder is measured by phase comparison between
the transmitted and received signals. The AZUSA
and retransmits the signal

Type-C Transponder can also be interrogated by
C-band radars for range and angle determination.

3

The ra-nge rates measured at three receiving
stations yield the vehicle velocity, and by integrating

this velocity, the position is obtained. Initial conditions for integration are obtained from radar range
measurements, Data measured at a-ll stations is
transmitted to the computer at Cape Kennedy, Accuracy of GI-OTRAC measurements is 30 meters (98.4
feet) in position and 0. 15 meters,/second (0. 49 feet/
second) velocity.
Table

7.3-1

AZUSA Characteristics

Transponder Type-C

frequency....

Receiver

5060. 194 MHz

Transmitter frequency. 5000.000 MHz

output
2.5 watts
Input voltage .........
28 Vdc
Input current . ........
-5 amperes
Receiver input signal.. -12 to -90 dbm
Weight
8.74 kg (19.3 lbs)
0.006meters3
Size..
RF power

(3?2 inches3)

AZUSA Ground Station Mark

Transmitted power

....

II

2 kw

Transmitter frequency. 5060.2 MHz *0.75 MHz
Ranging modulation. . . . 157.4 Hz, 3. 934 kHz,
98.351 kHz

Receiver frequency. . . . 5000 MHz
Receiver sensitivity...
Receiver antenna gain

-145 to -147 dbm
.

33 db (MK tr)

Accuracies:
3.05 meters

Range

Angle

.

1

x 10-5 in cosine data
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ODOP TRACI(ING SYSTTfil
The ODOP (Qffset DOPpler) tracking system

is essentially the same as the UmP system used for
many years at the Atlantic Mlssile Range, but ODOP
operates at different frequencies. It is a phasecoherent, multistation Doppler tracking system which
measures position of a vehicle equipped with the ODOP
transponder. ODOP stations are located at and around
Cape Kennedy. The ODOP tralsponder is carried in
the first stage (S-IB or S-IC) of the Saturn Vehicles
and, therefore, ODOP tracking data is limited to the
flight of the first stage only. The ODOP tracking
system provides data immediately following lift;off
while other trackilg systems camot "see" the vehicle
or their accuracy is reduced by multipath propagation
during the early phase of the flight.

The basic operation of the ODOp system is
illustrated in Figure 7.4-1. The ground transmitter
radiates a CW signal of 890 MHz to the transponder in
the vehicle. The transponder shifts the received signal
in frequency by 70 MHz and retransmits it to the
receiving stations (Rl, R2, R3). The signal from the

transponder received at the ground stati.ons contains
a 2-way Doppler shift ,cp which is extracted by mixing the received signal"( i = 960 MHz + O) with the
f
f
reference frequency (
ln = 960 MHz) derlved from the
transrnitter frequency. Actually, a reference frequency of 53. 33 MHz is transmitted over a VHF link
to each transmitter station and then multiplied by a
factor of 18, yielding 959.94 MHz. When this frequency is combined with the signal received from the

ODOP TronsPonder

!2

.//\
J1:e6o+fo1 J

: 890 MHz

=960

_1./v\\ tgF-------i----in____
r\
Y --------t------::::::=:;====
tr*,i
f3:e60+/D3

,R

l.

,t

fT7

"'@-"'i
r-^........""
D3
"'r ir""""'l
fa_r__l
I ;;;i;; |

t -o?€

Rt, R2, R3: Recelving sr,orions
f ot f 92, /93 : Doppler Frequencv

'

Received or R Srorion

/ x ' R"r"'en"e Frequency

( 53.33 MHz
IBT
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Figure 7.4-1 ODOP System Configuration
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transponder, the Doppler shi-{t is obtained with a 60
kHz bias frequency (60 kHz +/p). The UDOP system
tsed a transmitter frequency of 450 MHz which was
doubled in the transponder (900 MHz). The higher
frequency in the ODOP system (890 MHz versus
450 MHz) is less aJfected by the ionosphere and the

result i.s increased tracking accuracy.
The Doppler frequencies, f p, (including
the bias frequency) {rom all receiving stations are
transmitted to the central station and recorded on
magnetic tape. Integration of the Doppler frequency
received at a particular station provides the range
sum, i. e. , the distance transmitter-transponderreceiver. At least three range sums (for three diIferent stations) are necessary to compute the position of the vehicle (transponder). The ODOP system
uses 20 receiver stations around Cape Kennedy for

redundancy and optimum tracking geometry. ODOP
tracking data is not available in real time but is obtained f rom post-f light evaluation.

A block diagram of the ODOP transponder is
in Figure 7.4-2, It is a modiJied version of
the transponder used by the Jet Propulsion Laboratory
in the Ranger Vehicles. Separate antennas are used
for the receiver and the transnritter. The transponder consists of a double superheterodyne receiver
(890 MHz) and a transmitter (960 MHz). The signal
transmitted from the transponder is phase-coherent
with the signal received by the transponder. Phase
coherence is accomplished by an automatic phase
trackilg loop. The transponder is completely transhown

si.storized.
The characteristics of the ODOp trackiag
system are listed in Table 7.4-1.

50 MHz

l0 MHz

lF Amplifler
MHz
& Mixer

lF Ampllfie

,

Y

890 MHz

AGC ILM
Lock

60 MHz

lndlcotor

Y

Voltoge Controlled
RF

Oscillotor

&

x 3 Multiplier

960 MHz

x16
Frequency

Multlplier

Figure ?.4-2 ODOP Transponder Block Diagram
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Table

7.4-1

ODOP System Characteristics

Ground Transmitter:

Frequency

890 MIIZ

Transponder:
Receiver frequency
Receiver noise

890 MIIZ

flgure . .

.

14 db

Receiver threshold

sensitivity

-132 dbm

Predetectlon bandwidth

.

.

Threehold noiee bandwldth.

100 kHz
600 Hz

Strorg eignal noise
bandwidth

140O

IIz

Transmitted f requency.

960 MHz

Transmitter power

I

Required dc power

36 watts (28 volta)

Weight

10. 25

Size

?3?o cm3

watt

ks (23.0

1ua

i""s1

Grornd Receiving Statlon:

.

Receiver frequency

960 MHz

Receiver sensitivity

Not Available

Recelver bandwidth

Not Available

Receiver nolse

figure

..

.

Not Available

\_

7.4-3/7,4-4

I
Astrionics Systern
Section ?.5

stcTloil

7.5

S-BAND TRACKI}IG

S-Band tracking of the Saturn V Vehicle is
provided by the Command and Communication System
(CCS). The CCS is a phase-coherent, receiver-transmitter system capable of establishing a conrmunication
link between the Unified S-Band (USB) ground stations
and the IU <.rf the Saturn V Vehicle. I'he CCS consists.
of a transponder, a power amplifier, and an antenna
system and provides lor launch vehicle up-data command, down-link PCM telenretry, and turn-around
ranging. Section 6. 2 of this document discusses the
up-data command capability. Section 6.4 discusses
the functional characteristics of the CCS components
and the down-link PCM telemetry function and interface with the CCS. This sectlon deals with the technique and characteri.stics of the turn-around ranging
capability.
The IISB ranging system is a variatiun of the
classical radar ranging method of measuring the
round trip propagiltion time of a signai f rom a ground
transmitter to a vehicle transponder and back to a
ground station. The ground based ranging systenr
transmits an S-ba:rd carrier (2101.8 MHz) phase
modulated by a particular type of pseudo-randonr
l]inary ranging eode (pseudo-random noisc -- PRN)
tti the CCS Transponcler ilr the laurrch ve,hrcle (Figure
7.5-1). The code mt-rdulation is detected in the CCS
Transponder and used to modulate a down-link S-band
carrier (shlfted in frequency frrtm the up-data tarrier
to 2282.5 MHz), which is then leceived b5r the ground
receiver using the same antenna as is used for transmitting, Ground antema steering is accomplished
by monopulse signal null processing. The ground
receiver is a type ol phase-locked receiver which
tracks both the S-band carrier and the PRN code.
A range "lix" is derived by cross-correlating the
transmitted code with the received code and noting the
value r:f the shifting parameter which 6lives the rrrlximum cross-correlation reading. Frorn this shiftrrrg
parameter value, the srgnal round trip propaeiati()n
time is known. A-fter a course lange fix has been
established, the PRN code can be disabled and a range
update derivt:d from not rng the dopplel shilt in a 2-bit
clock modulation of the t'arrier'. llence, the langfurg
system changes fronr a sarnpled system to an incremental system. Any loss of data or carrier will result
.

in re-transmission and correlation of the PRN code
for an exact ranging ''fix" before reverting to the
incremental updating again. Azimuth and eleyation
angles are determined from the ground antenna gimbal
readouts.

7.5.t

RAilGNG CoDt

The USB raaging system utilizes a continuous
tralsnrission, rather than a systent of one
or severa-l pulses, to avoid ranging ambiguity and to
enhance the probability of detection of the return pulse.
coded pulse

If, in a conventional pulsed ranging systenr, the
repetition period oI the pulse is less than the time
required for the signal to travel to the target and return, there will be anrbiguity itr the range measurenrent.
Since the USB ranging systenr is designed to be compatil-rle with the goals of the cornplete Apollo progrant, it
ruust ltlovidt unambiguous ralrging to lunar distances.
At lunar distances, the anrbiguity ca-n bc avoided only
if the pulse repetition period is greater than 2.6
seconds.

If a single pulse of l-rnicroseconcl duration is
sent to tlie vehicle and rcturned a-fter 2.6 seconds, it
rvill bc grcatly attenuated. The power in this pulse
niust be averaged over the 2.6-second interval, greatly
rcducing the chance of detection at such a range. A
train of pulses can be transnritted to increase the
average power received, but the transmitter nrust
at least 2. 6 seconds between transrnissions for
"vait
the train of pulses to be leceived in order to distinguish betrvcen two pulse trains. TIds increases the
average power lece'ivt'd greatly, but even a greater
improvernent can be nrade by sending a train of coded
pulses such that the series of pulses in the code is not
reptatecl during the 2.6 second interval. If, at the
sanre time, the numbers of zeros and ones are equally
divided, therc. is the sanre power as c<lntained in the
sanre period of a train of equally spaced pulses, but
the transnritter no l<>nger has to wait for the first
pulse group to be rt.r't,ived before sending the next.
The PRN code is sut'h a train of coded pulst,s and does
not repeat itself for a total period of approxinrately
5.4}cconds. The PRN code is generated in the ground
7.5-1
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Figure ?.5-1 S-Band Tracking Conliguration
equipment by digital shift registers with suitable feedback fwrctions. This PRN ccide has the property that
when the transmitted and received codes are compared
on a bit-by-bit basis, correlation or matching can only
be achieved at one unlque value of delay or correlation
parameter. To make an unambiguous range measure-ment at lunar distance would require a code period
of eweral milllon bits in length and, at most, the
same number of trial matchings for acquisition. The
actual code ls achieved by combining, bit by bit, several repetitive subcodes or code components in accordance with Boolean expression. The subcode compo-

\_

7.5-2

nents, deeignation, and length in bits are:
CL code component - 2 btts

* ll bits
A code component - Sl blts
B code component - 63 bits
C code componer* * l2Z bita
X code component

The length in bits of the total code is the product of
the lengthe ln bits of the individual components, or
5,456, 692 bite.

Astrionics Systcm
Section 7.5
L'urther'. it is p,rssrtrle to ir('quil'e the total t'nde
by acquiring the cornponents indivrduallv in turn. This
reduces the number of correlation readi.Ilgs (or matchings) required lrom approximately 3-1/3 million to
232. The 2-bit CL component is not acquired by digital means, but rather is used in the process of estabtishing a clock-loop in the ranging receiver.

7.5.2

.

l+-_r--+l
Tronsmitted

clock code
(496 k1z)
Received clock
code shifted N

full clock perRA}IGT DIIIRITI}IATIO}I A}ID TUilCIIO]IAT
OPTRAIIO}I

The process of determining the range (Rt) of
a space vehicle from a ground station, or the equivalent round trip propagation time of an rf signal, can
be generally stated as the relation:

R1

rTo

rL o.,/n

R dt

where R6 is the range at some reference time To,
and the integral is the sunr ol range increments since
that time.
The constant of integration (Ro) is aeterminea
by determining the lixed range at the start o( ranging
acquisition. The term Re can be expressed as NT + d,
where N is some unknown integral number of clock
code periods (T) ptus a delay (d) equal to some unknown fraction of

T (see Figure 7.5-2).

The clock code period (T) is known. Determining the value of N is accomplished by digltally
shifting the components of the received code and
measuring the correlation indication at each shiJt
position until a maxintum is <lbtained. The fractional

i

Figure'1.5-2.

ods

Constant R6 Expressed as a Function

ofNandd
clock-cycle delay (d) is determined by the time oflset,
or delay, between transmission and reception of a
given point i:r the clock code. The operations required
to determine Ro are referred to as range acquisitions
and are the only operations requiring the use of the
PRN codes. Once acquisition has been accomplished,
it is possible to disable the full code rnodulation and
modulate the carrier instead with the Z-bit clock
component only. The advantage of changing from full
code to 2-bit clock modulation lies in theJact that this
not only cuts down on the required sideband power but
also limits the spectral distribution ol ranging f requencies to two single spectral lines--496 kHz above
the S-band carrier.
The integral in the expression for R1 is determined by continually tallying the full doppler cycles
derived from comparison of received carrier submultiples (every 16th S-band carrier doppler cycle).
Once acquisition has been accomplished, the resolution
of the tracking system is approximately 1 meter.
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DISTRIBUTIOil SYSTEIII

8.1

GEilTRAt DISCUSSIO}I
'Ihe power supplies for the Saturn Vehicles
provide the electrical power necessary to operate the
various onboard electronic and electromechanical
comp<-rnents. Each vehicle stage contains batterles,
po\r,er supplies, cables, connectors, and distributors.
The distribution system interconnects these units.
Figure 8. l-1 illustrates the arrangement of the power
and distritrution systenr components within each
Saturn V Stage.

Each stage is equipped with a porver
transfer switch to select a power source
either internal or external to the vehicle. During normal checkout ol)crations, a ground power source will be
used in place of the airborne batteries.
A detailed explanation of power trans{cr
is provided in Section 8.2.

While the component interconnection is similar
in each stage, the grounding scheme differs between
stages. The IU grounding system is discussed Iater
in this chalrter.

Each power source generally supplies
at least one bus in each distributor.

The Power Distributor is the only distribution
systern component whose basic function may not be
obvious. Essentially, it is a junction b<.rx which provides quick access to stage circuitrv and overall
stage and vehicle logic. Such a device beconres
nectlssary lrccause of the inrpact on airborne and
ESE hardrvare which is created lry the varie:ty of
nrlssr()ll rerluirelrrents assigntri to the Saturn Vt,hicles.
Tht, P<-rwcr Distributors are equippecl with terminals,
relays, resistors, and diodes. These conrponent.l
parts are either hard mounted o/nrounted on printed
circuit boards to permit rapid access to the distribution, switching, and isolation networks.
An illustration of the power and distribution
system is shown in Figure U. l-2. The figure represents a small porti<-rn oI. thc actual logic involved,
and onl.y the IU systenr is dotailcd.

Power requirer.nents, other than that
supplied by the airborne batteries, are
usually provided by a special power
supply (e. g. , pciwer source for conrponent D in Figure 8.1-2).

Distributor switching facilitates checkis essential for control of certain flight events. Figure
8. 1-2 illustrates how both intra-stage
and inter-stage switching is accontout operations and

plished.

Prinrary l)ower is fcd to high currcnt
capacity buses in the Power Distributor.
Conrponents which require high currc,nt
levcls arc sulrplied directly from these

During prelaunch operations, nrany
switching operations are ltossible fronr
thc ESE. Figure 8. l-2 illustrates h<tw
Power Distributor rclays Kl and K2 are
utilized to control the power to conrltonents C and D when thc power transfer
switch is in the external llosition. Typical
Switch Selector control clf powet. application and discrctc cvent transnrission is
rllustrated by the configuration of relays

ltuses.

K3 and K4.

Functions provided by the l)ower supply and
distribution system inclucle the following:

o

Buses are provided to other stages for
event Iogic and EDS signal trausnrission.

8.1-tiB.1-2
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IU POWTR AilD DISTRIBUIION SYSIIiIS
The following paragraphs discuss the power
supplies and distribution system within the IU of the
vehicle. The operation of the other stages is somewhat slmilar to that of the IU, and detailed discussions
of these stages will not be presented.

t.2.t

PolIln sYsr[t
The IU power components may be divihed into

. Primary 28 Vdc power sources

(internal

and external)

o

command is generated.

During prelaunch testing, the power transfer'
be actuated several times. Figure 8.2-2
illustrates how the ESE generated power is used to
simulate the airborne battery. As shown in the figure,
the primary 28 Vdc (external) power is normally
routed through an umbilical to the IU Power Distributor.
The battery simulator shunts the internal and external
buses in the Power Distributor to provide power to
both input contacts oI the transfer switch. During an
umbilica-l plug drop test, a test cable is used to maintain continuity when the umbilical circuit is opened.
switch

3 groups:

o ftabilized

motor field coils. The motor switches the makebefore-break contacts to the desired position. The
switch will rernain in that position until another ESE

Platform system power

Measuring ald telemetry system power

will

PRIMARY POWER SOURCES

STABILIZED PLATFORM SYSTEM POWER

The total IU power requirements vary according to misslon assignment. The initial Saturn V Vehicles will use four IU batteries. As the vehicle load

The Stabilized Platform system requires
several unique voltages. These are provided by the
ST-124-M Platform AC Power Supply and the 56 Volt
Power Supply. See Figure 8.2-3. The AC Power
Supply is defined as a part of the Stabilized PIatIornr
system and is presented in Chapter 14. Details of
the 56 Volt Power Supply are contained in Section 8. 4.

requlrem8nts decrease, 3 batteries

will normally

be

used.

As stated in Section 8. l, each stage is equiptransfer switch which is used to
select either a.n internal or an external power source.
During normal checkout operations, por^/er from the
ESE will be used in place of the vehicle batteries. A
discription of the batteries will be found in Section
ped with a power

8. 3.

Approximately 30 seconds prior to lift-off, a
power transfer sequence (to internal power) is initiated
Thls action is accomplished by the power transfer
suritch which is similar to the switch illustrated in
Figure 8.2-1.

'To switch to internal or external power, an
ESE command (28 Vdc) is sent to one of the drive-

MEASURING AND TELEMETRY SYSTEM POWER

The measuring and telemetry system requiles
special exci.tation and reference volta4;es lor transducers and signal conditioning equipnrent. The power
flow for this system is shown on Figure 8.2-4.
The 5 Volt Measuring Voltage Supply generates
a highly regulated 5 Vdc output for use as a signal ccin-

ditioning reference voltage and as excitation for sorne
transducers. Transducer excitation voltages, other
than the 5 Vdc supplied by the Measuring Voll:rge
Supply, are generated in the Measuring Racks.

8. 2- I
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The IU distributlon system provides the following:

o
.
o
r

Power switching to large loads
Power switching to medium loads
Switching of low-power logic signals

Proper interconnection of all electrical
equipment

The Power Distributor perfor ms the required
switching of high-current loads. Medium-curent
Ioad switching is accomplished by the Control Distributor and two Auxiliary Distrihrtors. The large
of unique requirements presented by the
nunrber
t'
emergency detection and instrumentation systems
necessitates separate distribtrtors for each of these
eystems. The remainder of the logic switching is
Jxrr{ormed by the Control Distributor and, to a limited
extent, by the two Auxiliary Distributors.
,

The placement of the Control, EDS, and Auxiliary Power Distributors is lllustrated in Figure 8. 2-5.

In general, components which require high-current
switching are mounted near the Power Distributor,
nd components requiring nunlerous logic switching
'--are located near the Control Distributor. The distributor mounting, relative to other conrpdnents,
provides for a minimum amount of cabling.
Certain hardware configuration problems
arise where it is impractical to alter or redesign
existing components just to provide correct signal
routing. In cases such as this, a device called a
Illug-type J-box is used. The J-box is a standard
plug used as an adapter.

in circuit design provide an
increase in vehicle reliability. Certain components
receive primary power from three separate batteries
as a precaution against a primary power failure.
'lReAunAancies

Measuring Distributors route the numerous
airborne measurenlents to tleir respective destinations. A measurement originates in a transducer or
within another component and is routed either directly
to the telemetry system or indirectly through a Measuring Rack signal eonditioning module and a Measuring
Distributor.
The large number of telemetry signals and
numerous configuration changes require several Measping Racks. The signal conditioning modules wlthin
-the Measuring Racks, condltion measurement signals
to adapt thenr to the electrical input requirements of

8.2-2

the telemetry systems. Measuring Racks output signals are routed to the Measuring Distributors. The
Measuring Distributors provide the routing, voltage
division, and current-linriting networks to ensure
compatabllity between the measuring and telemetry
systems. Through their switching capabilities, the
Measuring Distributors can change the selection of
measurements monitored by the telemetry system.
The switching function transfers certain measurements
to channels which had been allotted to expended functions. If it were not for this switching, these channels
would normally be "wasted" for the remainder of the
flight. The Measuring Distributor also provides the
option of usilg rf link or PCM (DDAS) coaxial cable
transmission during checkout operations for a more
thorough and comprehensive systenl test evaluation.
The EDS Distributor contalns the relay logic
needed to nronitor and interpret enrergency indications ard to issue the appropriate commands, Since
the EDS Distributor is an integral part of the EDS,
a more thorough description will follow in Chapter
Emergency Detection System.

8.2.3 lu
IN-FLIGHT

9,

GRoUIIDING SYSIIn
E

LECTRICAL GROUNDING

AII Instrunrent Unit grounding is referenced
to the outer skjn of the stage. The methods used to
accomplish IU grounding are illustrated in Figure
8.2-6. Each area will be described separately.
Power System Grounding. The'power system is
grounded by mearu o[ hardwires routed fronr the
6D COM bus in the Power Distributor to the 60181
ground stud attached to ilre stage skin. This connection provides the single-point ground for the
power system. All 6D COM buses in the various
distributors are wired back to the 6D COM bus in
the Power Distributor, The cotnnron buses, for
the most part, are isolated from the chassis of the
components in which they are enclosed. Isolating
power supplies are utilized in some instances to
accomplish this. The close proximity oI the Power

Distributor, batteries,

and outer skin power ground
termination point (601E1) assures that a relatively
low potential diJference will be developecl by their
respective ground levels.

ELectrical or Black Box Groundirtg. Grounding oi
accomplished by
direct nretal-to-nretal contact of the black box and
cold plate or stage skin. AII cotrtmon return lines
are isolated frorn the conrponetrt chassis except in a

Astrionies Systeni
Section u.2

very few instances (e. g., some parts of the telemetry

must be utilized. In
one end of the shield

this case, only
is grounded. The
shield is routed through the last sma-ll

system).
Shield Grounds Internal to Black Boxes. Internal
shields are connected directly to black box chassis
where they are referenced to stage skin by means
of metal- to-rnetal contact.
Shield Grounds fo"

connector contact on one of the components and terminated at the chassis.
The black bo:< chassis is grounded
normally (as outlined earlier). Where
several shielded cables are connected
in series from black box to black box.
the cable shield is made continuous by
routing the shield through the last small
contact of the interconnecting connectors.

C*linLIy"19.. Cable Shields
ire as follows:

Most shields are connected to the 6D
COM bus in one of the distributors.
This is accomplished by extending the
shield through the last small contact of
the distributor connector where it is
routed to the 6D COM bus. Where
several cables are connected in series,
t}te cable shields are routed through the
last small contact of the interconnecting

connector. This method is used in order
to keep the cable shielding continuous
from the black boxes through each interconnecting cable to the distributor.
When the shielded cables are routed
between two black boxes and do not
terminate at a distributor, a second

method of terminating cable shielding

POWER DISTRIBUTOR

RF Grounding. RF grounding of components is effected
by means of metal to meta-l grounding. Refer to the
paragraph on electrical or black box grounding. RF
connectors and cables are grounded through the shell
of the connector to the black box.
PRELAUNCH GROUNDING
The IU and ESE common systems are referenced to earth ground prior to launch. Shortly after
engine ignition, the umbilicals are ejected" To assure the IU remains at earth potential until all umbilicals are ejected, two single-wire grounding cables
are connected to the IU. They are the final conductors
to be disconnected lrom the IU Stage. One oI these
cables is connected to the ESE 6D COM bus. This
cable is routed through a single-conductor connector
located below the umbilical plate and is terminated at

lntemol Porver

Bus

Extemol Power Bus

Tronsfer to lnternol Power Comnrond
Tronsfer to Exfernol Power Commond

Loods
lBM

B,-r-0

Figure 8.2-1 Partial Schematic of the IU Power Tranefer Switeh
8.2-3
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stage single-point ground terminal, 60181. Cables
routed from the ESE across the swing arnrs to the
stage umbilical have an overall RF shield to avoid
induced signals from local tracking antennas. These
shields are terminated by a second single-conductor
cable which le routed from the ESE side of the umbilical through a one-pin connector'to stage skin terminal
601E2. This connector is also located below the uurbilical plate.
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Figure 8. 2-3 Stabilized Platlorm System Power Distribution
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Figure 8.2-5 IU Distribution Equipment Layout
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BATITRIES

fnrle or

more 28 Vdc batteries are used in
the IU as the primary power source for all electrical
components. Each power source is a dry-charged,

alkaline silver-zinc, primary battery. Figure 8. 3-1
is a photgraph of a typical IU battery. During launch
countdown, droxide (KOH) electroll'te.
A primary U"ttury contains 20 series-comected
cells, each producing a nominal 1.5 volts. Occasionally, the full 20-cell output voltage may not be required

by the IU circuitry. In such cases, l8 or 19 celle may
be selected by varying the wiring configuration of the

cell selector receptacle.
To prevent an excessive internal pressure
buildup, a relief valve is provided. The valve vents
internal pressures in excess of 69,000 N/meter2 g
(10 psis).

Table 8. 3-1 summarizes the major IU battery
characteristics.

Pressuri

zing

Volve

Cell Selector
Receptocle

Power

Receptocle

Telemetry

Relief Volve

Reodout

Receptocle

l'igure 8.3-1 Instrument Unit Battery

8,3-1
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Table
t

Battery

8.3-1 ru Battery Characteristice

Tlrye

- Dry

MAP 42rt0

charged

Cells

l{umber

20 (wift provtetons for setecorg
ce0s U roqdred)

Nominal voltage per

cell

t.5

Materlal
Electrolyte

lg or lg

Vdc

Alkaline silver-zinc
Potasstum hydroxlde (KOH)

ordput

Voltage
Current
Meesurements

+28*2Vdc
35 amperes for a lO-hour loqd perldd
(tf ueed wlthln 120 houra alter acttveilon)

available

Current odtprd

Interml temperature
Cooltlg

System

Amblent Temperature

Cotd plete

Rarge

+10"C to +4A. g"C
(+50"F to +120"F)

for proper opere$on

Heat Transfer Characterlstics

Dlssipotion

o.o7 w/cm? (0.41w/in?l

Srrface area

2o14 cm? (gzr.1 in3)

TdaI deslpation

150 watts

Phystcal Characterlstlcs
,

Acuvated welght

?5 kg (165 potmds)

Dimensions
L€ngth

64 cm (25.

Wid0r

29 cm

Depth

8. 3-2

-

{

in. )

(11.{4 in.)

23 em (9. rG in. )
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56 YOTT POTTTR SUPPTY
ltc 50 Volt Power fupply furnlshes power
requtred by the ST-12,0-IvI Platform Electronic Asgembly, end tho Acceleroms{er Signal Conditioner on
bocrd Sstum epnce vehicles.

Table

8.{-1

56

Volt Power fupply Characterlstics

ELECTRICAL CHARACTERISTICS
Input Voltage

?he 56 Volt Power Supply consists of an input
filter, a trturatlrg core square wave osclllator, prlse
wldth modulator, saturated mode swltching driver,
saturated mode awttchlng power amplifier, a full wave
rectifler and adder, an otrtput filter, and a reference
brldge, see Flgurc 8.{-f. Unregulated 28 Vdc power
from the primary power supply batteries is applied
to the lnptt. Tlre unregulated 28 Vdc power is filtered
and fed to the collectors of the traneistors contalned
ln thc eeturatlng core square wave oecillator, saturated
mode switchlng driver, and saturated mode switching
power ampllfler.

A 2-kildrertz square wave is developed by the
seturatirg core osclllator and is transformer coupled
to the prlse yldth modulator stage. It is then applied
to the driver and the power amplilier stage, after
which it is rectified and filtered. The final output of
the 58 Volt Power Supply is applied to a reference
bridge. The reference bridge is capable o[ sensing
an increase or decrease at the output oI the power
supply. Senslng a change of output, the reference
bri@e paases this change to the pulse width modulator
whlch will increase or decrease the input to the switching driver.
A summary of performance characteristics
power
the
of
supply is presented in Table 8.4-1.

2,1

to 32 Vdc

otrtprt Voltage

0tolAload
ItoSAload
8

to 10 A load

50 + 0.5 Vdc

56 t 2.5 Vdc
SG

* 3.5 Vdc

Ontput Loed

Normal

r.0

Peak

6.0 A

A

otrtprt Rtpple

0toSAload
Adjustabillty with I A

0.25 Vp-p (max)

50 r 0.5 Vdc

load

Efficiency
Operating

Range
PHYSICA

65 percent

Temperature

to 50 "C
(32"F to 122"F)

0 "C

L CHARACTERISTICS

Wtight (max)

4. S l<g (9.5 pounds)

Dtmensiona
Length (max)

24.6 cm (9. 7 in. )

width (max)

16.

Dedh (max)

10.8 cm (4.2 in. )

I

cm (6.6 in. )

8.4-1
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Reference
Bri dge

Soturoting Core
Squore Wove
Osci llotor

Soturoied Mode

Switching Driver

Soturoted Mode

Full Wove

Switching Power

Recti fi er

Amplifier

r Unreguloted

28 Vdc

Figure 8. 4-1 56 Volt Power Supply Block Diagram

8.4-2

Filter
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8.5

5 YOTI IIITASURING YOTTAGT SUPPTY
The 5 Volt Measuring Voltage Supply provides
excitation voltage for the various temperature, pressure, and engine position transducers within the IU
instrumentation system. The measuring supply is
also used to provide a reference voltage for inllight

calibration of certain telemetry channels.
The power supply consists of the
major elements:

following

5 VoIt Measuring Voltage Supply

Characteristics
ELECTRICAL CHA RACTERISTICS

)

.

o
o DC-to-DC converter circuit
o Output regulator-filter circuit
Figure 8.5-1 is a block diagram of the 5 VoIt
Measuring Voltage Supply. Unregulated 28 Vdc is
applied to the input filter-regulator circuit. In this
clrcuit, the 28 Vdc source voltage is filtered and line
variations are removed. The output of the regulator
is compared to a constant reference voltage and the
resulting error voltage is applied to an amplifier
whlch varies the duty cycle of a transistor switch.
The output of the transistor switch is a square wave
whose period is a function of the error voltage detected in the comparator. A {ilter circuit follows the
switch to provide an average value of the output.
The output of the input filter-regulator circuit is
applied to the square wave oscillator portion of the
dc-to-dc converter. The square wave oscillator output voltage is reduced in the stepdown transformer
and is rectilied and filtered prior to being applied to
the output regulator-filter circuit. Output regulation
is accomplished by varyirlg conduction through the
series regulator (control element). The conductlon
of this transistor is controlled by the magnitude of
the error voltage sensed by the comparator.

The characteristics of the 5 Volt Measuring
Voltage Supply are presented in Table 8.5-1.

8.5-f

Input

Input filter-regulator circuit

An overload protection circuit is provided to
limit the series regulator current to a safe level in
the event of an overload at the output.

Table

to 32 Vdc

Voltage

24

Current (max)

0.6 A

Power (max)

14.4 W

Output

Voltage (with 0-1A

5.000 *0.005 Ydc

output)
Range of output ad-

*0.050 Vdc

justment (with 0-1A
output)

Current

0tolA

Power (with 0-1A

5W

output

PHYSICAL CHARACTERISTICS
1. 1 kC (2.5 pounds)

Weight

Dimensions
Length

12.2 cm (4.8 in.

width

12.6 cm (4.9 in. )

Depth

5. 1 cm (2.0 in. )

)

Cooling

Cold plate

Heat transfer surface

1{.6 cm2 (zz.L ir:?l

area
Heat transfer of

ing

area

mount- 0.05 ffcm2

(0.32 W/in.z)

8.5-1
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CHAPTTR 9

rftlERGEltCY

stolo]l
CRTTT

g.t

sATffY SYSITftI

An Emergency Detectlon Syetem (EDS) detJcts
naUunctlons ln the launch vehicle which Iead to emerg€ncy clhratlmg. The EDS is one part of the crew
refety rystem. The other part of the crew safety
ry;tem l,g tho lsuch escape system whlch removes
the fllght crav from the vicinity of the malfunctioning
vehlclc. Eacentlally, there are two kturds of emergcncy gltuattons: exploaion of the vehicle propellanta
ard brcatup of the vehlcle by aerodynamic forces.
The crew eafety system for Apollo/Saturn
Yehlclea ls gemlrutomatlc. The syetem c:rn senae
fallurc modes that slowly lead to catastrophic conditlons and can indtcate these failurea on a display panel
for the fllght crew to allow them to make the abort

decleion.

DtIECilolt SYSTtil

.

The system can also automatically initiate an
abort when it eenses a failure mode that will tead to
a rapid vehlcle breakup. Studies of many failure
modeg heve ghown that despite the tremendous mass
and inertia of the Saturn Vehicles, the time from
occurrence of a maUunction until the vehicle reaches
a "breakup" angle of attack can be very short. Therefore, a fast respondtng automatic capability must be
tncluded in the crew safety system.
The Saturn V crew salety system is very similar to the Saturn IB system but has 3 stages to monitor.
Becauae of increased loadlng, the system must also
monitor propellant tank preesures in the S-tr and S-IVB
S.ages.

t.t.t GulDlltrts xrR crffi sr[nY
The EDS must be as simple as possible because of apace and weight limitations of flight hardware and because any detection equipment has a
poastbility of maUunctioning and eausing the abort
of an otherwlse successful mission. For this reason,
the number of sensors in the EDS must be kept to a
mlnlnum. Thie deerees that the effect of a malfunction ie sensed rather than the malfunction itself.

As an example, the EDS can be simplified by mdnitorl.yrg the angle of attack and attitude ratee of the
vehlcle rather than the position of each engine actuator.
(Errgine actuator failures lead to loss of control and
eventual vehicle breakup because of an excessive angle
of attack. ) Since other vehicle failures lead to this
same effect (excessive angle of attack and/or attitude
ratee), t}te monitoring of failure effects yields a considerable simplilication of the crew safety system.
This method of simplification is possible only when
the tlme between failure sensing and catastrophic
vehicle lose is enough to allow a saJe escape distance
from the vehicle.
An important guideline used in the development
of the Apollo/Saturn crew safety system is that, whenever enough time ls available, the decision to abort
will be left to the flight crew rather than be automatically initiated. It is felt that no matter horv reliable
the automatic abort system is made, it can never replace the logic, judgement, and observation powers of
the flight crew. However, rnany of the failure modes
of the vehicle do not allow sufficient time for the flight
crew to make a decision and react to the emergency;
in these cases, the crew must rely on the automatic

abort system.
Since a falsely initiated abort could ruin an

otherwise suceessful mission, the EDS has been
designed to reduce the probability of a false automatic
abort to an insignilicant level. It is extremely important that the crew sa.fety system does not degrade
the mission succeas probability.
Table 9. 1-1 ehows some of the more important
deeign guidelines.

9.1.2 rtil,um

rilAlYStS

The design of the EDS is based on Iailure mode
and effect analysis. This is a complete analysis
of each stage, system, subsystem,

9.1-1
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Table 9. l-1 Inrporta-nt Guidelines for the Crew Safety
Systenr

Simplicity

for Saturn Apollo Vehicles

Use minimum number of sensors and sense effect of failure
rather than cause
when time permits.

-

Abort

Decision

-

Mission Degradation

Made by flight crew whenever time permits
- manual rather
tlan automatic.

- Probability

of false automatic abort reduced to insignificant

Ievel.

o Initiation

of manual abort will be based on at least two separate and distinct

indications.

o

In the event of conflicting inlormation from the onboard crew sa-fety system and
telemetered data relayed to the Spacecraft from the ground, the onboard information shall always take precedence.

o Triple

redundant electrical circuits utilizing majority voting logic will
for all automatic abort signa.ls.

r

be used

As a design objective, redundant circuitry wiII be used for manual abort indications from the Saturn Launch Vehicle to the Spacecraft.

r It shall be a design

objective that no singie point electrical lailure in the onwill result in an abort.

board crew salety system

!

nd component wittrin the vehicle to determine which
componetrt lailure ntodes can cause a failure of the

subsystem, which subsystem failures can cause failure
of the system, and whlch system losses can cause loss
of the stage and,/or vehicle. A failure mode and effect
analysis begins at the component level and investigates
each possible way in which the cotnpotrent can fail
(i. e., open, short, rupture, leak). The effect of ttre

particular failure is analyzed on higher levels of
assembly until the effect of that particular component
failure on the space vehicle is determined.
Once the failure analysis of a conrponent is
completed, a criticality number is assigned to the
component. For example, a number 10 indicates that
this component can be expected to cause a vehicle loss
about 10 times out of 1 million flights.

AJter the criticality number has been derived
for each component, ttie numbers are summarized for
each subsystem, system, and stage of the vehiclevehicle dynamics must be analyzed and structural limits
determined. For example, a failure mode and eilect
analysis shows that a particular group of control
component failures can cause the engines to ginrbal
"hardover"; this would mean vehicle loss and a
ticality number could be derived to show tJre ex'1rected frequency of this {ailure.

9.1-2

The criticality numbers are summarized on a
surumary chart which is referred to as a I'failure tree".
Figure 9. 1-1 represgpts the latest failure tree summary of the IU Astrionics system of the Saturn IB

Vehicle. In this figure, the failure is traced back
only 3 or 4 levels and does not reach the component
mode in most cases.
Beyond this analysis of failures, the length of
time between tie occurrence of the failure and the
time of reaching the critical angle of attack must be
known This is a function of the time of fiight. If
the {ailure occurs about maximum Q: we may have
the worst case condition and less time is available
between the occurrence of the failure and structura-l
breakup of the vehicle. To determine these linrits,
the structurat limit curves must be drawn for each
type of fai.lure (control engines hardover, engines
null, engines out, etc. ). These curves shryw the
various combinations of vehicle angle of attack and
engine gimbal angle at which the structural limits of
the vehicle are exceeded, as a function of time of
flight. As aa example of these curves, refer to
Figure 9. 3-1. Curves must aLso be drawn of the actual
expected excursions of vehicle angle oI attack and
engine gimbal angle during each of these vehicle
failure nrodes. The two sets of curves must then
be analyzed to determine whether (and at what time)
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1

Altrtonrcs Syrtem
Section g. I
the structurel llmlts

d the vchiele slll

be cxccedrd

for eaeh partlculer fatlurc coadl.tiou

\v

From the irdorrnrtton on ttrc effect of thege
lelluree and the lnlormetion on tie vehiclc dynrmlcs
or structural limite, tbe time avallable betveen
occurronce of the lellure end crtertrophic lors o(
tbe vehicle can bt derlved. Thla time wlll idicrte
the response tlme requlrcd o[ the detcction mechenism. The tlme wlll detcrmlrc rtetber tie crrr har
${Ilcient tlme to recognlze the emetgency *rrntng
erd malce a decision as to *hen to aborL U human
ntsponse vould be too alo*, tlre abort or ercrpe must
ba eutornatlcelly initleted. A range of eele limits is
eselgned to each perrmotcr selected for monitortng.
Perf6rmaoce rithln these ltmttc asturraes tlr pararaeter to be luncUonlng nOrmally. Crcnerdly, tlre
rclacted prrlnetcr caild lrave a range o( rcecptrH€
tolerarpe bounded by bdh an upper end lorcr levcl of
carety (e. ei, over preasune rnd un&r preesure tn a
presEurizd tank). Hmever, in aome codittons only

9.

l-{

one aalety

limit tc lecdcd

(e.

g,,

hlgb englep

d

ettack).

Ae lorg rs eonditiors d the moasuredyaremcter Etay
stthln the sefety zone, it ia ucumed ttrst all components
rre operatlng erttilactorily. If the measured vrlue
epproactres the danger level, a cetastrophic fallure is
imEdn€nt.

Ttte probtem is to declde et whet level to place
the abort lsycl. ts the abort level is placed too close
to the tolcrance limit an abort mlgbt be needleeely
trtggere4 lf, on &e otlrer trand, lt is moved too clce
to the dergcr level (to hedge agatrut t needless ebort),
there nray not E tlme enotrgh for e sefe eccape becuso of verious ayeterns delays. Tbe task 1r often
conpllceted becerre thc da4cr lcvels, es well ar thl
tolerence zone, of certeln parerneterg may change aC
a tnnction ol Sme. Otlrer factors thrt lurther compllcetc the p,roblcrr'atc trrrol€nts vhlch nomerdartly
qxceed &e d.Bcr level bd offer no catastrophtc
threet. These nust be taIen into account durlqg cr*
adety systems deelgn
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stfiloil

9.2

tiltRcrilcY Dtltfiloil
The Saturn/Apollo emergency detection system has triple redundant setuors and majority voting
logic for atl the automatic abort parameters. DuaI
redundancy is used for most of the manual abort
sensors. The redundancy is so aranged that the
predominant failure mode of the sensing system has
been protected against. The guideline nrle of having
at least two separate and distinct indications of failure
before initiating a manual abort is a protection against
any inadvertent aborts from malfunctioning sensor
systems. The displays used in the Spacecralt are
"fail safe" wherever practical. Where possible, t}te
meters used for display of analog signals are "zero
offset". This means that the predominant failure
modes of the sensing system (loss of power, etc. )
will indicate ofl scale conditions (either high or low)
rather than readlngs witllin the scale of interest.
The indicator lights used for discrete indications to
the flight crew are dual-b,ulb lights and so arranged
that the crew cannot distinguish whether one or both
lights are oru A failure of one light will not be
noilced by the flight crew. The other failure mode
(inadvertent light) is protected against by requiring
tvo separate and distinct indications of failure.

sYSTtm

The Saturn IB/V crew salety system is shown
in the funcEonal diagrams, Figures 9.2-1 and 9.2-2.
Monitored parameters are: stage thrust for both stages,
guidance computer stafus, angular attitude rates,
attitude error, and aagle of attack for Spacecraft
display. Automatic abort is initiated for S-IB and
S-IC two-engine-out or for excessive angular rates
in pitch, roll, or yaw; these automatic abort limits
are switched out either automatically by the flight
programmer or manually by the crew according to
mission rules. Provision is also made for an abort
request light to be energized from the ground control
center. At the ground control center, all of the
various crev, saJety system parameters are monitored
by using telemetry information from the vehiele. Other
telemetered data is available at the MCC so that the
flight director can scan all flight critical data and
warn the flight crew by voice communication of any
impending danger. This facility provides an early
warning to the flight crew by giving information on
trends of various vehicle parameters, thereby alerting them to certain tlpes of failure indications which
may appear on their display panel. The flight crew
will not abort on ttre telemetry information alone but
they may use it as backup data for an abort decision

9.2-l
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sECTlo]l 9.3
TDS OPTRAIIO}I TOR SATUR}I YEHICLTS

9.3.t G$lnll

(oils1D[nAllolls

A signal from the Spacecraft to the ground will
indicate that no automatic abort signai is active piior
to launch release. A signal at lift-off wil.l automatically activate the EDS automatic abort mode. Provisions will also be made to manually interrupt the
.entire automatlc abort signal in ttre Spacecraft.
An automatic abort signal occurring a preset
tlme aJter liftoff wlll initiate: (1) engine shutdown on
the active stage and (2) the Spacecraft abort sequence.
The preset time is determined by the vehicle mission.
If the automatic abort occurs prior Lo the preset ti.me
alter liftoff, only the Spacecra.ft abort sequence will
be initiated. Cutoff of the active stage will then be
controlled by the Range Safety Officer.

Initiation of a manual abort will be based on at
least two separate and distinct indications. These
may be a combination of EDS sensor displays, physiological indications, and ground information to the

Astronaut. In some cases, tie two indications may
come from the same parameter, but the indication
and sensor systems

will

be independent.

electrical failure in the onboard

EDS

will result in

an abort.

Provision is made to manually shut doqrn the
engines on any stage from the Spa.cecraft without
initiating an abort. A redundant means for accomplishing EDS-commalded engine shutdown is provided.
Provision is also made in the Spacecraft and
launch vehicle for a manual initiation of staging (S-II
and S-IVB). These provisions will enable abort into
orbit.

9.3.2 iltncilCy DEICflolt pmAIlImS lot
ruTotAll( AB0nT (Srrunil Yl
Angular Overrates. This automatic abort parameter
covers all control failures which rapidly lead to an
excessive angle of attack and subsequent vehicle
breakup. Inlormation will be supplled by the control
EDS Rate Gyro Package which consists of three rate
gyros for each control plane. These gyros are
Iocated in the Instrument Unit. An automatic abort
will be initiated when 2 out of 3 gyros in any plane
indicate tltat permissible angular rates are exceeded.

ln the event of conflicting information from
the onboard EDS and telemetered data relayed to the
Spacecraft from the ground, the onboard information
will always take precedence.

Prior to a certain flight time (to be determined
range
safety constraints), abort commanded engine
by
shutdown capability will be locked out by provisions
in the launch vehicle circuitry.
A signal will be provided to the Spacecraft to
energir:e the abort request indicator light when tie
range salety officer con:niands destruct system arnring. This command alsti terminates engine thrust.
Triple redundant electrical circuits utilizing
majority voting logic will be used for all automatic
abort signals. Redundant circuitry will be used for
manual abort indication from the launch vehicle to
the Spa.cecraft. Batteries used for EDS will be electrically isolated from each other. No single-point

Provisions are made to manually deactivate
the automatic abort signal for all 3 planes simultaneously with 1 switch located in the Spacecraft.
Manual deactivation time is to be established by

mission rules. Capability for deactivating either
roll or pitch/yaw/roll signals by sequencing,
prior to first stage inboard engine cutoff, will be
available within launch vehicle circuitry.

the

AdJustable sensor limit settlngs are provided
in pitch and yaw within 2 to 10 degrees,/second and
in roll within 5 to 20 degrees/second. Sensing hardware mu.st be removed from ttre launch vehicle to
accomplish these adjustments.

Io", of ttrrust on two or
more engines will initiate an automatic aborl This
automatic abort mode covers failures occurring near
the pad and possible range safety action Deactivation
of the automatic abort capability prior to inboard
S-IC T\fo-Er8ines-Out. 'Th"
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engine cutoff arming

is provided by the launch vehicle

sequeneer.

\-

o

.

This automatic abort capability uray be
manually deactivated from the Spacecraft" Manual
deactivation times will be established by mission
rules.
A minimunr of two thrust sensors. are used on
each S-IC engine to provide inputs into the EDS

Transition from S-tr monitoring to S-IVB
monitoring at staging is accompllshed
with the launch vehicle circuitry.

Staging Sequence. Physical separation of stages including the S-tr second plane separation, are indicated
in the Spacecra-ft by lights, or other suitable discrete
indications. In case of no separation, abort will be
governed by mission rules.

circuitry.

Launch Vehicle Attitude Reference

9.3.3 tn[RGIItCY DtIIOtOil pAttttl[ts ton

,ence
(sensed by the IU guidance and control system) will
energize an indicator light in the Spacecraft.

Action of at leas/ 2 sensors are required
to indicate loss of engine thrust.

rlltull

ABoRI (SArunil

Y)

S-IC Stage Thrust. The status of each englne of the
S-IC Stage is displayed in the Spacecra-ft (five indicator
lights). Upon loss of engine thrust, these engine status
lights are energized by a discrete signa-l.

o

An abort for one-engine-out
governed by mission rules.

will

Abort or switchover to Spacecra.ft guidance
will be governed by mission rules.
Angle gf Attaclt An angle-of-attack function is displayed by an a-nalog indicator in the Spacecraft. This
parameter is an indication of slow control failures
which lead to excessive angles of attack

be

o A minimunr of two thrust sensors are
used on each S-IC engine to activate the

The n-reasured pitch and yaw components are
combined in vector form into a total aagle-of-attack
indication

engine-out status lights.

S-II Stage ThrusL The status of each engine of the
S-tr Stage is to be displayed in ttre Spacecraft (five
indicator lights). Upon loss of engine thrust, these
engine status lights are energized by a discrete signal.

o Abort on one-engine-out will

Failure. Improper

be governed

by mission rules.

o A minimum of two thrust

sensors are
used on each S-II engine to activate the

The type of measurement to be displayed and

limit settings (if necessary, as a function of
flight tirne) wilI be determined later. Limit settings
will govern abort actioru
the

!:-!. zuut l1nt lfggEg:gg.

Fuet tank pressures in

the S-II Stage are displayed in the Spacecraft by means
of an analog display. This parameter requires a redundant sensor and display system.

engine-out status lights.

r

Transition fronr S-IC monitoring to S-tr
monitoring at staging is accomplished
within
the launch vehicle circuitry.
.
S-I1/B Stage Thrust. The status of the S-IVB engine
tirust is displayed in the Spacecralt (one indicator
light). Upon loss of engine thrust, the engine-out
status light is energized by a discrete signal.

r

Engine thrust is monitored throughout
S-IVB burn.

r

Abort because of thrust loss is governed
by mission rules.

o A minimunt

of two lhrust sensors are
used on the S-IVB engine to activate the
engine-out status light.

9.3-2

S-[VB Fuel and LOX lank Pressures. Fuel tank
pr€ssures in the S-tVB Stage are displayed in the
Spacecraft by means of an analog display. This
paranteter requires a redundant sensor and display
system. In addition, a-fter S-II/S-IVB separation,
S-ryB LOX tank pressures are displayed in the SpacecraJt. AIter separation, the S-IIfuel tank pressure
display is used to indicate the S-ryB LOX tank pressures..
Attitude Error (Spacecra-ft). Attitude errors from the
Spacecraft guidance and navigation system are dis_
played in analog lorm on the flight director attitude
indicator. This paranreter is an indication of slow
control failures leading to excessive angles of attack
or excessive attitudes.

Astrionics System
Section 9.

ti," sp""'u".aft guidancc and navigatiotr systenr
will be preProgrammed with thc launch vehicle tilt
program for the S-IC llight period. Limit settings as
a function oI flisht time (to be determined later) will

e.3.1 SrTUnil B

Rltes. A single launch vehi.cle overrate
indicator light in the Spacecraft is energized by the
IU Control-EDS Rate Gyro Package when permissible
angular rates are exceeded in any plane. This indication primarily covers the ftight period in which ttte
overtrate automatic abort capability is deactivated.
Angular

Spaeecra"ft angular rates are presented by

tDS 0PIRAIr0lt

The EDS operation for Saturn IB is different
only in the following areas;

govern abort actions.

analog display on the flight director attitude indicator.
The sensing device lor this information is the Apollo
rate gyro package. Limit settings, as a function of
flight time, determine abort actions.

3

r

In the S-IB Stage, eight engines are
monitored (five in Saturn V).

r

Since the Saturn IB has no S-II Stage,
any function connected with this stage
does not exist in Saturn IB EDS.

r

The S-IVB fuel tank pressure is not
monitored in Saturn IB Vehicles.

Limits for the critical angle of attack (during
the time of maximum dynamic pressure) are shown in
Figure 9.3-1. Abort criteria is summarized in Table
9.3-1, and EDS design ground rules are listed in Table
9.3-2.

Table 9. 3-1 Saturn IB Abort Criteria and Ground Rules

Auto-Abort Parameters:

o Angular overrates
o Loss oI thrust on two or more S-IB Engines
Indications

ior

Manual Abort:

o S-IB thrust (eight indicator lights)
o S-IVB thrust (one of the eight S-IB indicator lights)
o Staging sequence (use of S-IB thrust indicator lights)
r Launch vehicle attitude reference fail (one indicator light)
o Angle-of-attack (Q-baU on meter)
r Attitude error (Spacecralt G&N systerrr on flight director attitude indicator)
r Angular overrates'(one indicator light)
o Abort request (one indicator light; signal path is either through Spacecra-ft
up-data rf link, launch vehicle range safety command
lawrch vehicle hardwire prior to liftofi)

'

rf link, or through

Ir{anual Abort Ground Rules

Manual abort

will

be governed by mission rules within the following ground rules:

o

Manual abort
cations.

o

No abort

will

be initiated based on at least two separate and distinct indi-

will be initiated over rfl an abort request will be given based on
telenretered data but the onboard inJornration shall always take precedence.

9.3-3
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Table

9.3-2

Saturn IB EDS Design Ground Rules

EDS Deslgn Ground Rules:

r

Reltability goals:
Probability of detecting failure - 0.99?3
Probability of not detecting false failure - 0.9997

o

No single failure in EDS circuits will prevent detection of a
true failure or cause detection of a false failure.

r All failures that jeopardize

crew safety

will

be eliminated

if possible.

How Design Ground lh.rles Are Achieved:

. Use of 2 out of 3 voting circuits in the automatic abort capability
o Use of redundancy in t}e indications for manua} abort capability
o Complete EDS checkout during countdown
o Interlocking EDS-ready in liltolf circuits
r Interlocking J-2 engine-ready with ignition
r Interlocking separation with S-IVB ignition

e
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EDS sensor

o

limit

must be
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9.3-1

Saturn IB Critical Angle of Attack Versus Gimbal Angte ( ?6 Seconds
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IilTRODUCTION
The generalized Flight Program System is
composed of two basic parts or subsystems; the
application subsystem and the control subsystem.
The application subsystem is a collection of programs
whose sole purpose is to perform the individual
actions or functions which comprise the task of an
LVDC flight program for a given mission or missions.
The control subsystem, however, is mission independent and is itself divided into three parts; an executive control program. a common utility package,
and a common communications and data area. The

primary purpose of the control subsystem is to control the sequence and order of operation of all programmed functions specified for a particular mission
task.

The application subsystem provides a master
pool of all defined LVDC functions which can be used to
generate a total FIight Program configuration for any

given mission task or application. It is actually composed of a collection of independent, closed program
units called application modules. Each application
module is defined to be an operationally independent
program exclusively designed to perform one or a
number of related functions; e. g., navigation, guidance, accelerometer processing, or minor loop.
The operational linkage, sequence, and execution of
the application modules for a given task are governed
by the requirements and operation of the control subsystem executive program.

The total operational requirements of all application modules for a given mission task and its phases
are determined prior to program generation. At
program assembly time, these requirements are defined to the system via system executive macros
whieh generate a set of master queue,rcontrol tables.
These requirements include such things as module

tdentification, mode of operation, and sequence and
time frame of execution for each function of each
phase of the mission.

Changed 15 November lg69

AII appUcation modules so specified at assembly time are automatically selected from the application subsystem and linked to the Executive Control
Program by the LVDC Assembler as a flight program
configuration. The Executive Control Program will
accomplish real-time control of these modules by
means of the resultant master queue /control tables
generated at assembly time.
The queue./control tables initially specify a
fixed order and time frame of execution of all application modules for a given mission. Real-time conditions. such as the results of calculations or external events, may require changes to this sequence
of module execution. Provision is made to allow
real-time modification of the queue /controL tables.
This provision is called "queuing. " Queuing allows
an application module to specify to the Executive
Control Program that another module or itself is to
be rendered inactive (queued-out) or active (queued:
in). AII active modules wiII be executed according
to the queue,/control table in which they are specified, u'hiIe inactive modules will be ignored or bypassed.

Although application modules are operationally independent of one another, there nevertheless
exists a need for intermodule communications for
the purpose of passing data in the form of inputs and
outputs. In order to standardize and isolate cornmunications between application modules or bets'een

the executive program and application modules, u
common or universal communications ancl data area
is provided by the control subsystem. AII interprogram comrnunications must bc acconrlthshed
through this rnedium.
The control subsystem also provides a
utility package available for use by application plogram modules. This package consists of
a number o[ routines which lterform mission inde1>endent utility functions such as sine-cosine calcuIations or matrix multiply operations.
comnron
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The Executive Control Program is a group of
interacting subprograms whose primary purpose is
to control the sequencing and scheduling of the execution of individual application program modules to
meet the operational requirements of a gi'ren LVDC

mission. It e:<a.mines interrupts and priority control tables to determine order of execution of functions and pr.ovides a means of transferring and re-

turning operational control to and from the functional
program modules.
In order to perform rts task properly, the
Executive Control Progranl must be cognizant of the
configuration and requtrements of the particular
Flight Program to be executed. The design and organization of the Execritive Control Program therefore. is based on the use of sets of master queue,i
control tables by which the total application requirements of any given mission can be specified. Through
these tables a mission and its operational phases can
be completely defined to the Executive Control Program. They provide the identification of functions to
be performed, the normal. sequence and order of these
functions, their associated time requirements. and
initial queue (active or inactive) status' Furthermore,
these tables can be dynamically altered (queuing) during the program execution to reflect changing requirements due to phase-to-phase transition or as the result
oI external events or program calculations. The Executive Control Program, then, directs and controls
the operation of the total Flight Program basically
through the use of master queue/control tables.

i

I

i

The structure (F"igure 11.2-1)*of the Executive
Control Program consists of the following subprograms

or

cution. and performs all required system terminal
housekeeping at mission end. Figure 11.2-2 illustrates tlre mission Executive Subprogram.
Upon initiat entry, the Mission Executive
inhibits all interrupts, initiates a real-time clock
reading, and initializes accumulated time in mission
and user reference. The program then performs
aIl initiaiization required for the proper operation
of the Interrupt Processor and the Timer 1 Scheduler. Pointers for internal use are initialized and
the Timer 1 Scheduler is called to initiate operation of the timer 1 interrupt counter. The Timer 1
Scheduler in turn, schedules the first timer 1
inte'rrupt for the user module (minor loop) initially
specified by the system macro defining all user
interrupt routines. Control is then returned to the
Mission Executive for phase selection. The first
timer I interrupt, however. will not be processed
until the first phase beings execution. i. e., not untiI the timer 1 interrupt inhibit is removed at the
completion of timer 2 scheduling performed at the
end of first phase initialization.

* The ligrrres in this secti()n contain uord floq diagrari s,rf a typical Saturn flight progratlt. A nutnber of lot>ps are illtrstrated and are iolloued by
sereral frgrrres ulticir grve a Iunctional breakrlouh
of tht, various rorttittes. A furtht'r breakdou'n of
of the r()utint's, (i, e., sttbrotttine) is bcyond the
s( ()p(: ol this bouk. Tht' lollo*ing sytlrbols arc
rrst <i lrr l epl ( S('l)l l)r()Brall)

Dec

r

si.on Bloc

k

lllll(

tit)ns:

l)rocessinu BIock

components.

MSSION EXECUTIVE SUBPROGRAM
The Mission Executive Subprogram performs
general system initialization, determines which phases
of the specified mission are to be executed, generates
required control words for lrhase initialization, gives
control to the Plnse Initializer to initiate phase exe-
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The Mission Executive determines the next
phase to be r.xecutecl by means bf a special Active

'Phase Indicator Word generated by the nrission
initialization system macro. This indicator consists
oI individual bits alranged in chronological order
for each phase defined. Each bit indicates whether
or not the corresponding phase is to be executed.
At prograrn generation time. all phases defined are
set active. Il there are no more active phases to
be executed. the Mission Executive will perform all
required terminal housekeeping functions and enter
a terminal loop. If any active phases remain to be
executed, the next in order is selected. Control
words associated with the phase that is to be executed are obtained from the Phase Control Word
Table and supplled to the Phase Initializer. The
Mission Executive then gives control to the phase
Initializer and is not reentered again until'phase
execution is compieted. Since phase termination
will normally be dependent upon a particular function
or caiculation performed by some application module.

lnitiolize
Non -ln terrupt
Sequencer
Tobl e

lnitiolize
Periodi c
Processor

Toble

lnitiolize
Timer 2
Toble

or an external event processed by an application
module. it will be the responsibility of that appUcation module to accomplish Mission Executive reentry at phase end.
PHASE INITIALIZER

SU

BPROGRAM

The Phase' Initializer (Figure 11. 2-3) is entered onlv from the Mission Executive. Entry is
m:tde each time the Mission Executive selects a new
phase of a given mission for execution. Upon entry.
the Phase Initializer Subprogram uses control inforrnation supplied to it to set the master queue tables
to the initial queue status specified for the selected
ph:rse. This inforntation also provides the linkages
t() the apl)ropriate user specified application initralizt, module and to the Sequential Contr<,rl Table
for that phase.

xit to
Non-lnt

Seq

Figure 11.2-3 Phase Initializer

After all queue tables are rnitialized. the
Phase Initialrzer executes the ust.r application
initialize module u'hich returns control at completion. The Ttmer 2 Scheduler is then called to initiate olteration of the timer 2 interrupt counter.
At completion of timer 2 scheduling. control is
passed to the Non-Interrupt Sequencer to control
the execution of the appiication modules which
cornprise the basic iterative cycle of the given phase.

Sequential Queue Table for the total mission. Each
control table is an executable table. i. e,, it is made
up of bxecutable instructions. It isgctuatly one of
these tables that isgiven control at completion of
phase initialization. The selected table will remain
in control executing associated application program
modules in an iterative loop until some user application module detects phase-end conditions and effects
reentry to the Mission Executive.

NON-TNTERRUPT SEQI ENCL'R

[,ssentially. the Non-lnterrul)t Sequencer con;ists ,f u r.trlulrt'1. of tables: a Sequential Control
L-Trt,t" fol r,ur'h llhase ol the mission and a single

71.2-4

Each entry in the Secluential Control Table
picks up a sltecific entry from the Sequential eueue
Table and checks to see if it is queued-in. (Figure
ll.2-4). If the entry is queued-in. the correspond-

Changed 15 Novenrber 1969
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PERIODIC PROCESSOR

The Periodic Processor (Figure 11.2-5) is
entered at a system determined frequency from the
Non-Interrupt Sequencer. The Periodic Processor

Enty

is basically an executable queue7'ct.rntrol table, the
Periodic Table. This table consists of entries to
trme tests which provide for servicing time-

Obroin €nt, y
{or lst Module
f.om Oueue
Toblc

dependent, periodic application modules.

(A)

Y

5ubrour

ne

i

Obtoin Enrry
fo,2nd Module
from Oucue
Tobl e

(r)

Y

Figure I 1.2-5

cation module will be executed before proceeding to
the next entry. Likewise, if any time test is not
passed. the corresponding application module wiil
not be executed belore proceeding to the next table
entry. Control is returned to the Non-Interrupt
Sequencer after all Periodic Table entries have been

Sequcncer
Subroul

entry. the first item in the queue,/control
table is processed. If the entry is queued-in, an
associated time test is made to determine whether
or not a corresponding application module is to be
called. If the time-test is passed, the application
module is executed and time for its next execution
updated. The next entry in sequence in the queue,/
control table is then processed in the same manner.
If a table entry is queued-out, no time test or appliUpon

Sequencer

inc

Obtoin Entry
{or Nth Modulc
from Qwue
Toble

pr ocessed.

(r

)

Y

INTERRUPT PROCESSOR

Scquencc.

Subro"'*

The Interrupt Processor services ali
LVDC/'LVDA interrupts on a priority basis and
routes control to appropriate application modules

(Figure

Figure

ll.2-4

Non-lnterrupt Sequencer

ing application module is executed. If the entry rs
not queued-in. the application module is ignored.
Before processing the next control table entry' a
check is made to determine whether or not it is time
to cali the Periodic Processor. If the test ls passed.
accuftrulated time in mission, phase. and user reference is automaticalty updated and control passed to
the Periodic Processor. When control is returned
at the completion of periodic processing or if the time
test was originally not passed, the next control table
entry in sequence is processed. After the Last entry
in the phase Sequential Control Table has been processed. a transfer is made back to the beginning of
the table and the processing procedure repeated. This
iterative loop will continue until some application
module returns control to the Mission Executive at
phase end.

Changed 15 November 1969
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2-6). Program controlled interrupts

and externally c<-rntrolied interrupts are the two
basic classes of interrupts serviced under a system
defined level of priorities within the Interrupt Pro-

cessor. The four basic levels of priority are
f

as

ollows:

o

Level 4 "fLC (LVDC Simuitaneous
Memory Failure) interrupt.

o
o

Level 3 Timer 1 interrupt.

.
r

Level 2 External interrupts (other
than TLC) by ordc'r of assignment
to the LVDA Interrupt Storage Register.
Levei 1 Timer 2 interrupt.

These levels deternrine the order in which
processing wili occur whenever more than one interrupt requires servicing at the same time. They
also indicate the degree of priority prrlvided for

11.
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Timer 2 (forfirerLy the Switch selector Counter).
Both of these counters operate at a 492.2 micrr-rsecond rate. The Timer 1 Counter is a continuously
operating wrap-around counter. which wili automatically generate an interrugrt every 4.032 seconds
to Exec.

Module

I

A ppl

i

cotion

Module

Updote Time
for Next Exec,
o{ This Module

(maximum counter value) if not under program conThe Timer 2 Counter is not a wrap-around
counter. It will generate an interrupt only if iritiated under program control.

trol.

Timers I and 2 are used to service application
modules requiring high timing accuracy on a request-

or cyclic basis. The timer counters are controlled
only by the system scheduler routines (one is prclvided
for each timer) which determine when the next timer
interrupts are to occur and the application modules to
be serviced. The Interrupt Processor aliows timer
2 scheduling and the application modules serviced by
ed

Updote Time
for Next Exec.
of This Module

to Exec.
Module

n

Updote Time
for Nexi txec.
of Ihis Module

Figure

ll.2-5

Periodic Processor

Timer 2 to be interrupted by tlie timer 1 interrupt.
Timer 1, therefore, is intended for use by high priority functions while Timer 2 is for functions of a
lorver

prioritv.

r

AII application modules serviced by the timers
are required to return control to the Interrupt Processor upon their completion. The Interrupt Processor will then call the appropriate scheduler routine to determine the next use of the counter. Upon
completion of scheduling. contrcll will again be returned to the Interrupt Processor which returns control to the Iast interrupted program location.
TIMER 1 SCHEDULE
The Timer 1 interrupt is reserved for nrodules
whose operational accuracy requirements denrand
stringent timing. The Timer 1 Scheduler (Figure
17.2-7) is designed to deternrine rvhich of two modules
is to execute next and tc, schedule the Timer 1 inter rupt.

associated application module processing. Processing at any level may be interrupted and delayed until
all required processing at the higher level is cont-

pleted. All processing pelformed on a non-interrupt
basis is effectively at a level "0" priority.
The timer schedulers also make use of a
priority scheme in selecting the next applicatton
modules to be serviced by the tirnr.r interrupts.
This l riority scheme, however, is only in effect
when at least two application modules specify
identical tinres for use of the same timer interrupt.
The two program lontrotled interrupts which
toperate under control of programmable countcrs are:
Tinrer 1 (formerly the Minor Loop Counter) and

11.2-6

The Tinrer 1 Schecluler gives a higher
llriority t() one module rvhen both modules ale scheduled for the same trrne <-rr are late. The higher
1>riority rrrodule is predominantly used for minor
Ioop operations, The Iower priority rnodule is
predominantly used for Switch Selector olterations.
The tw<.r application ntodules and,/or their entry
points may be changt'd by queuing operatlons fronl
other modules.
The 'Irnrcr 1 Scht,dulr,r is entered from
the Intt'r'rupt Processol loilri11,ls1g the executicln of
a Tirncr 1 module ot' fronr an alplication rnodulc
whenever a Tirner I queuing operation rs 1x'rfornred.
Upon entry, the scheduler wril decidc which moclulc

Changed

l5
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Enlry m
nterrupt

I

T
I

imcr

Sova Normol
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I

lnhibit
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rcl q

Modify Normol
lnt- lnhibit
Stotus to All

TLC

but TLC ond Tl

Rc*t lnt .
ond Ercble
TLC ond Tl

Modify Normol

lnhibit Stotu:
to lncludc

T2

Restore Normol

lnt. lnhibit

lnhibit
I

Stotus

nlerrupl

Re*t

T2
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Nq-lnhibired lnts.

Figure 11.2-6 lnterrupt Processor
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I lnt.

iority

Co I cul

Time

ote

Current Time

?riority

ln Mission

T

Colculote
Current Tin

e

Priepily Module

ln Mission

Loie

Priority Module

Select Higher

Select Higher

Priority Module
ond lts Time-to-

Priority Module
ond lts Time-fo-

Go of

l/2
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Go

Priority Modute

Lood Tl

wirh
Selected

Selecl Lower
Priority Module
ond lts Time-toGo

Select Lowe
Priority Module
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Wirh
Se I e cted

Fi{rrre 11.2-7 Titr.rer 1 St'[rt'dulcl
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requires the use of the next Timer 1 interrupt.
Proper linkages for the execution of the selected
module by the next Timer 1 interrupt are thetr
set up, the Timer 1 counter is loaded with the associated time-to-go, and control is returned to the
Interrupt Processor.

5e

le

u!e lotar.uPr

TIMER 2 SCHEDULER

c, I2

Scheduler to

i.

4

Seconds

The Timer 2 Scheduler (Figure 11.2-8) is
automatically enterecl frcrm [he Interrupt Processor
whenever any module services by the timer 2 interrupt completes processing. It is also automatically entered via the system queue macro whenever
any tirner 2 queuing operation is performed. The

Select Module i
ond lis Requested
T

Timer 2 Scheduler is basically an executable table,
the Tinrer 2 Table. This table consists of entries
to tirne tests which provide for servicing timedepenfent priority application modules on a request-

Before Present Selec-

ime

5e lect Module 2
ond lts Requested

Time

ed basis.
Upon entry, the scheduler first selects itself
as a urodule to be executed 4 seconds later. This is
done to rnaintain control of schecluling in case no
application module requires the use of the timer 2
interrupt within the max-rmum time delta (4.032
seconds) which the timer can accommodate.

Select Module N
ond lts Requesled
T

Set

The scheduler then steps th-rough the entries

in the Timer 2 Table. Each queued-in time test determines u hether or not the associated application
module requrres use-of the interrupt before the
currently selected module. If so, that module and
its associated request time becomes the current
selection. This process is repeated until all table
entries havc' been checked. Linkage to the last
selected module is set up for execution on the next
tirncr 2 interrupt, timer 2 is loaded with the associated request time and control is returned to the
calling routine.

Changed 15 November 1969

lnf

ime

Proc

Linkoge to
5elected T2
Mod ule

Lod

Timer 2

With Selected
T

ime

Figure

1

1. 2-

8 Timer

2 Scheduler
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Entry
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Entry from

Minor Loop
(Fieure 11.2-2)

Orbitol Guidonce
ond Restort
Routi nes*

Exit to
IGM Routine
(Fisure I I .2-6)

*

**

Routines include:
o Predict positions ond velocities
o Compute grovitotion
o Compute drog
o Compute vent lhrusts

r

Accumulote position, velocity, & occelerotion

Routines include:

o lnterpolote XSYSZ5
o Colculote X4Z4
e Compute torget & perigee vectors
o lssue X commonds
r Prepore for restort of S-IVB
r Colculote restort conditions

IBM 825?

Figure 11.2-10 Orbital Processing
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TIIGHT PROGRAII DESCRIPTIOil
il.3.t rilGHT PnoGRAit

CoilflGuRrllo]l

The FUght Program is composed of the control
program, common communications area, and all application modules. The configuration of the Flight Program is defined by the flight programmer via system
macros. Program definition macros are separated
into three categories; mission, phase, and interrupt
macros. Mission macrQs define all modules which wiII
execute under direct dontrol of the control program during the mission, and the controlling subsystem under
which each will execute.

r

Phase 1 Boost (First) From

GRR to

T5 +100 SEC

o

Phase 2 Parking Orbit TU +100 to

The following is a Iist of application modules
that will be utilized by the Generalized Flight Program and a description of each is included. The
order of module presentation is referenced to the
subprograms ol the Executive Control Program.

Application modules are controlled directly by these
subprograms. General flow of the Saturn V Flight
Program is illustrated in Section 11. 3.4. The times
that the modules are queued-in are also indicated.
NON-INTERRUPT SEQUENCER_ PEASE

o

Phase 3 Boost (Restart,,Tll)* T6 -9 SEC

to T7 +20 SEC

o

Phase 4 Post
Mission

TLI T? *20 SEC to End of
.

* (1 ranslrrna r Injt'ction)

Added 15 November 1969

-

The

will perform

once per

tion Mode only.

.

4!,c_9lglr*g!91ilorqqlgllAP) -

.

f-I-vl_ C"lgylqlgnllpr) - The function of the
DV rnodule is to c'ompute the actual acceleration from the accelerometer readings once
per computation cycle.

c0llIR0LttD)

the system Executive Control Program in one of two
ways: directly, where the module is called by the executive or indirectly, where the module is calied as a
subroutine by another moclule that is under drrect control of the executive. Ear:h module performs its function and then returns control tt-r the callrng source.

(SA)

computation cycle during Flight Simula-

APPLtCATl0ll toDul,ts(DlRtcILY

Application modules are operationally independent of one another in reg'ard to their sequence and time
frame of execution. Module execution is controlled by

Silqllled Accelerometers

The SA module

module and modules execution rate'

il.3.2

Accelerometer Read (AR) - The accelerometer read module reads Platlorm
signals and formats the raw data for use
in the Accelerometer Processing Module.
The AR Module will perlorm the function every computation cycle during

simulated veldclty increments for a predetermined thrust model during the Flight
Simulation Mode of program operations.

Specifies external system interrupts
which are to be active, and module that
is to gain control on occurrence of a
Specifies Timer 1 controlled minor loop

18

function of the SA moduie is to compute

given interrupt.

o

3

Phases 1 and 3.

Interrupt macros consist ol two types, which are
concerned with interrupt processing:

o

AND

The non-interrupt sequencer consists of
directly controlled modules:

T6 -9 SEC

r

1

The AP
module detects velocity measurement errors
through reasonableness test and accumuIates velocity measured by the Platform
acceierometers. The AP module performs
the function every computation cycle during
Phases I and 3.

Eoo:t Navlgqlfol1\!I - The function of the
NE module is to determine the vi.hicle position and vclocity in an earth centered inertral coordinate frame once per computation
cycle during Phases 1 and 3.
11.3-1

Astrionic s Svstcm
Sectron

ll.3

llelstqg c!!c1qla.t19n$C) - The function
of the TC m<-rdule is to calculate the target
orllit lnrameters. This function is performr.d only in Phase 3 at a preset time

o

Time Base 1 (TBi) - The function of the
TB1 module is du.al purpose: (1) indicates TB1 when accessed by the Liftoff
module, when the inertial vertical acceleration back up condition is met or when
entered on a Timer 2 interrupt scheduled
by Events Processor in the repeatable
Flight Simulation Mode, (2) terminates
flight program processing if the acceleration condition is not met by a predetermined time.

.

TU,ngj€S_s,/7 $B57) - The function of
TB57 moctule is to check S-IVB cutoff con-

in T6.
Blfq*-A_q!ua!gr !!A) - The function of the
PA nrodule is to terminate the present
phase and start the specified phase.

ripg lift_qlfiqlge (TIl - The function
of the TT module is to generate steering
c<;lnurands (guidance Chi's) as a function
c.rf tinre from liftoff through the S-lC Stagt'
buln.

ditions ne(:essary to initiate TB 5 or 7.
all required conditions have occurred, the appropriate time base will be
initiated.

CU Cgllpyletions_r_CC) - The function of
the CC module computes the pitch and yaw
commands in the S-System and telemeters
the roII, pitch and yaw comnrands in both
the boost and orbital modes. CC is entered once per comprtation cycle from IGM
while IGM is active during Phases 1 and 3,
and entered once per second from Orbital
Guidance module during Phases 2 ancl 4.

When

o

module.

llufe!:yS_9fi{ance Mode (IG) - The function
of the IG module is to compute the required
vehicle steering commands to place the
vehicle in the desired orbit using navigation

o

ed up and connected.

!

ing rvhen to issue the S-IVB Cutoff comnrand
to the Switch Selector.

.
.

q+i1_qlg1!qq_19, - Tlte lunction of the
is to compute the desrred vehi-

try

cIe attitude during periods u.hen no propulsive thrust is availabie and attitude contlol is provided by the Auxiliary Propulsion

status words

Eiuidance

is computed

!ryre-t9__Cg-!r-'- R_est4r!_anrl Llc.ta

T"$

t

untt)'t.

catch up module and

if

will reset

system

required.

PERIODIC PROCESSOR

once

_(XQ -

The functron ol the ft$ 1l1rrdul€ ts tri predict
the exa.c't tinre to start the chilldown se(luerlc(,(l'estaltIand t() inrtrate T6 when the
I)ota test is passecl {the vt,hrclr'irosition satislrr's a g,eonretrjcal relat, ,nship $'ith the
rarilet vector f()r the selecterl l'r,st:.rl t !,1)por-

'

EIC__ETC (E_B) - At the end of each computation cycle. the EB module will rnark
the end of the current telemetry cycle and
the beginning of the next telemetry cycle.
The nrodule wiII also serve as a teleme-

OG nrodule

System. Orbital
per qecond.

11 ?

Simulated PlatformliT_bg!4$_lggLEs) The function of the PG module is to compute the expected gimbal angles due to

earth's rotational rate in order to compensate for the actual Platform gimbals
read during Flight Sirnulation Mode of
program operation with the svstem power-

variables (position. r'elocity. acceleration),
tinre. desired tt'r'minal conditions and vehicle perforrnanct, data.
I_!',!l_Qutir!_Prt.dit.tion (HSI - The lunction
of tht' HS nrodule is to ensure the required
t'elor'ity is achieved by precisely determin-

Minor Loop Support (MS) - The function
of the MS module is to calculate the altitude increments (delta Chi's) and the
terms of the Platform to body coordinate
transformation used by the minor loop

The Periodic Processor consists of four directly controlled modules:

o

Discrete Processor (DP) - The DP module
accesses individual discrete and time base
modules to perfc.rrm ali functions required
when it detects a change in the Iogic stage
of any of the discretes specified for processing.

Adderd 15 November 1969
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.

Liftoff Search (LO) - The funetion of the
LO modul,e is to monitor the discrete
input register for indication of vehicle
Iiftoff (DI24) and on detecting the Discrete lnput (DI) access the Time Base 1

(Pg-qQ The module compresses and stores the
30 composite Error Monitor Register
word lf a change occurred during the 30

lgljggqlrlelg11glsqs'gn

second interval.

.

module to initiate T81.

Data Compression (PC50) - The
module compresses and stores accelerometer data every 50 seconds. It also stores
and compresses any change in the discrete

lq{et9!q

c_!9.!_ E_1o"9""1!g (SS ) - r he
function of the SS module is to process
the switch selector commands issued by
the LVDC,'LVDA. The module must determine which stage and Switch Selector
address is to be actuated, issue the command at the scheduled time. and compensate for any Switch Selector maifunction which may occur in the process of
issuing the command.

lyrlgl_qe_lq

inputs and discrete input spares occurring
during the 50 second interval.

e

100

€999 - rh"
-c-9ld99g9!
is
to compress
PC99 module

se!g!9 Da!"

function of the

and store the 5 gimbal angles and track up
gimbal angles everY 100 seconds.
NON-INTERRUPT SEQUENCER P}IASE 2 A.VD

4

Simultaneous Memory

W.""*"y
from a TLC interrupt and provide per-

The non-interrupt sequencer phase 2 and 4 contains 3 directly controlled modules:
. Pqla_C9rylflsgf"qrgigrngglleT) - This
ntodule serves as the active major loop
during orbit after there has been an acquisition gain. The module telemeters
different types of data which have been
stored from the previous dark period
and,ior which are sampled at known inter-

tinent data for analysis.

Digital Command System (DS) - The function of the DS module is tcl accept and
process DCS commands. The DCS provides a limited real-time means of controlling specific flight program timing,
navigation, guidance, targeting and
sequencing {unctions and obtaining specilic program inlormation.

vaIs.

o

Sector Dump Telemetry (DT) - The DT
module telemeters the entire contents of
one, a series, or all LVDC memory sectors when a DCS sector dump is requested.
pqlgqi_c_Processor (P21?l - A
ESfyt_cS_
program
routine which is queuedcontrol
in during Phases 2 and 4 to ensure that the

Time Base 2 (I94 - The function of the
T82 moduie is to initiate T82 on the
occurrence of a scheduled Timer 2 interrupt.

- This module will
initiate T83 when the S-IC Propellant
Depletion interrupt occurs or when the
S-IC Outboard Engine Cutoff "B" discrete
is detected.
algre_ry!g_3_q9_3,)

Periodic Proclssor is r'xt'cutcrl.
INTERRUPT PROCESSOR
The interrupt proccssor contains l6 directly

controlled rnodules:

o

Minor L_99!_(11{!I- The. rninor loop module
has four functions; (1) to read Platform
girnbal angles, to compute yaw, roll, and
pitch attitude corrections required to drive
the engine gimbals to the desired position,
(2) to perform various tests on the Platform gimbal angle outputs to verify the
hardware in ther LVDA and ST-124 Platform,
(3) to ensure that the gimbal angle data and
attitude error commancls are telemetered
by the Data Output Multiplexer. and (4) to
access the cutoff logic' nrodule when rr:quested. t

Adcled 15 Novembcr 1969

Error Recovery

,a

)

- This module will
initiate T84 rvhen S-II Propeilant Depletion interrupt occurs or when the S-II
Engines Out discrete is detected.
I!1qg_q19u 1_(T!4)

!J1gg_pa!" y? qB*qQ - The function of
the TB57 module is to check S-IVB cutoff
conditions required to initiate TB5 or ?.
When ali necessary conditions have occurred, the appropriate time base will be

initiated.
Phase I and III Time Update (UM) - This
module will update system time and access the mirtor loop error monitor
moduie.

11.3-3
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I

lor navigation and guidance processiug, respectively.

ILD - rhis

t fQ9gf!fp1!ry9-ug"_ql

will

se<'onrl

provicle the ML module with
ali data needed to output a predefined
Iadder ramp profile when operating in
module

.

This

Flight Simulation Mode.
Events Processor (EP) - This module
o'fl"Aufoi tf," ii-* of execution of various
time based referenced functions. The EP
module gives control to the appr<.rpriate
event subrnodule uhich performs the aetual
Itnrq_Tiry_qyidance (TT)

- The function

oI

the TT module is to generate steering conrmands through S-IC burn. TT is entered
from Timer 2 when scheduled for time tilt
segment change.
Navi gation U-p4gt u ] lU,_tg a91p!191_t llul The function of this nrodule is to insert
navigation update. state vectors ancl reschedule the orbital timeline.
I_I

elq.Ilq9!!I9L (qlQ - The CM

il.3.3 rppu(ATtolt

iloDurts(tilDtRrcTty

c01{rR0r.r.rD}

Indilectly controlled moclrrles are described in
3-2. and 11. 3-3. Tlrt' tables are
referenccd to the subprogralus of tlrc Executive' Control Progranr. A small nunrber t-rf indirectly controlled modulers arc rnultiple listc,d. This occurs
whe,n a nrodule is under direct coutrol of the Control
Program and u,hen a module is accessed from modules
ollerating uncle.r dilferent control proglanr components.
This lesults flom l'hs drfferent timing requirernents
between lroost anci non-poweled phases ol flight.

of operation. It is entered from Timer
every eight seconds and once each

Tablc, 11. 3-l

il.3.{

A gt,nerral flrlv of the Saturn V Flight Progranr
shorvn in Figures 11.3-1 tlu'ough 11.3-5. The
modules shown arc only those which are dircctly controlle.d by the control l)rogram. Exlrlanations for each
mrdulcs' queue status is providcd bt:side each module.

2

Modules Controlled by Non-Intt,rrullt St'qur-ncer Mrrdules rluring Phase

Disagrc(rment

(CC

I

ancl

3

Control (lornnlonts;

Mrxlule Narne
(_

GI}tttAt t[owcHARrs

is

module maintains the navigation and
guidance timeline for the orbital phases

chi

"n*frtu

rvatt,r rnethanol discretes.

table.s 11. 3- 1. 11.

function.

Phase

NJethanol Activate (M. EPWII) nr,.rdule i" que**f -i,r-"n,;" t"

I'1!qr

Accessed hy IGI\{ and by orbit guidance.

)

Acccsscd by ntinor loop

Proct'ssor

if

a

rlisagreemt'nt

bit is detectcd.
orbit navigation

Gravitation Acce Icration

A<'t'essed by booJt navigatiorr arrd by
eat:h execution.

Variable Launch Azimuth

Accessed on<:c l-ly plursc initiaLization

for Phase 1

initialrzation.
Digital Output Multilrlcxlr (OD)

Accesslrl by FITC

Steering Misali gnrnent Corrr

Alrr'ssed by I(iN{
il)luscs I and ilr.

T3 and

TU

I

M/F

I

t.3-4

Snroothing

I. \I

Atltlt:d 15 N,ructrrlx'r'
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Table 11.3-2. Modules Controlled by Periodic Processor Modules
Module Name

Discrete Inputs

ll,

Control Comments

14, and 19 (DP1)

Accessed only during Phase

if

1

by Discrete Processor

1

by Discrete Processor

DINs are detected.

Discrete Inputg 13 and 21 (DPZ)

Accessed only during Phase
if DINs are detected.

Discrete Inputs 1? and 22 (DP3)

Accessed by Discrete Processor only during S-II or
S-M burns when DINs are detected (Phases 1 and 3).

Discrete Inputs 10 and 15 (DP4)

Accessed only during Phase 1 by Discrete Processor
upon detecting change in DINs state.

Water Methanol Discrete (DP6)

Accessed by Discrete Processor during all phases
(during Phases 2 and 4 accessed on Timer 2 level) upon
detecting change in DIS state unless inhibited by DCS.

Second Opportunity

Initialize

(SO)

Accessed by Discrete Processor during time interval
in Phase 3.

if time
"8"

Time Base 3 (TB3)

Accessed during Phase 1 by Discrete Processor
base is initiated by S-IC Outboard Engine Cutoff
discrete instead of by interrupt.

Time Base 4 (TB4)

Accessed during Phase 1 by Discrete Processor if time
base is initiated by S-Ii Engine Out discrete instead of
by lnterrupt.

Note:

- Digital Command System
- Discrete Input
- Discrete Input Spare

DCS

DIN
DIS

t

Added 15 November 1969
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Modules Controlled by Interrupt Processor Moduies
Module Name

Cutoff Logic (CO)

Accessed by Minor Loop in Phases 1 artd 3
when tirne-to-go to issuance of S-IVB Cutoff
Command is less than preset value.

Discrete Processor (DP)

Accessed every second by Phase
Control during Phases 2 and 4.

II

and IV

ETC,'BTC (End of TelemetrY
Cycle r'Begin Telemetry Cycle) (Eg)

Accessed every second by Phase
Control during Phases 2 and 4.

II

and IV

Minor Loop Errbr Monitor (EC)

Accessed every 1.6 seconds by Phase I and III
Time Update during Phases 1 and 3. Accessed
every second by Phase II and IY Control during
Phases 2 and 4.

Acquisition Gain'Loss (GL)

Accessed every 8 seconds by Phase
Control duling Phases 2 and 4.

Minor Loop Support (MS)

Accessed every second by Phase
during Phases 2 and 4.

II

and IV Corttrol

Navigation Extrapolation (NI)

Accessed every second by PhaSe
durirrg Phases 2 and 4.

II

and IV Control

Orbit Navigation (NZ)

Accesse'd every B seconds by Phase
Control during Pl'rases 2 and 4.

0rbit Accelerations

Accessed by Orbit Navigation every B seconds
during Phases 2 and 4.

Orbit Guidance
Phase

Accesst'cl every secroncl by Phase
duling Phases 2 and 4.

(OG)

Aetivator

(PA

)

II

II

and IV

and IV

and

IV Control

Accessed once in Phase 2 for transition to Pluse
by the Plurse II and IV Control.

3

Accesst,d r.very second by Phase tr and IV Control
durinul Ph:rscs 2 ancl 4.

Tinre-to-gt.r to Restart and Beta

Acct'sst.d during Phase 2 every second by Phase
and IV Control.

(RS)

Time Base 6
Phase
(TU)

I. 3-6

(OA)

II

One Second Data Contpt'ession
(PCOI)

Test

1

Control Cornments

II

(TBO)

and IV Time Update

II

Acccssr,d by Tinre-to-go to Restart ancl Beta Test.
Accessecl every se('otrd by Phase
during Phast,s 2 and 4.

II

and IV Control

Adcted
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I il.3.5 PRoGRAt IUtCIl0llAL RI0UlRtttlllS
The Flight Program is an integral part of:
(1) the Guidance and Control System comprising the
LVDC /LVDA, ST-124M Inertial Platform, and the
FCC (2) the launch vehicle sequencing system comprising the discrete input, discrete output, and interrupt registers of the LVDA and the stage Switch

Selectors.
The integration of these systenrs is acconlplished through the Flight Program. It provides a
flexible mecharlisnr by wlrich the system functional
and detailed specifications may be altered, within
wide limits, to accomplish a wide variety of missions
without changes to the launch vehicle hardware.
A11 LVDC inputs ald outputs pass through the
LVDA. AII mention of Flight Program input.'output
will be interpretc.d as communication with equipment

r

Accepts an initial value for and maintains Greenwich Mean Tirne,

o

Issues a special PIO which kceps all
ladder outputs at zero.

o
o

Intcrrogates the error monitor register,
Performs the LVDC,iLVDA self-test
program.

o

Monitors the accelerometers and calculates the Platform off -level. The amount
of oft-level is telemetered once per
second.

o

Performs reasonableness checks and
monitors certain discrete input and
interrupts.

o

Samples Platform gimbal angles, accel-

the following primary functions through<lut the mission although specific requirements will vary with

o

Perform azimuth calculations for azimuth
laying.

mission phase:

o

Processes the GRR interrupt and transfers
LVDC control to the Flight Program.

external to the LVDC,'LVDA with the understanding
that the external equipment is physically connected to
the LVDA rather than the LVDC, and that inputs and
outputs are, in actual fact, relative to the LVDC/
LVDA hardware and only controlled by the program.
The Flight Program is required to provide for

o
r
r
r
o
o

Navigation

. Guida:rce
Attitude control
Launch vehicle sequencing
Telen-retry

Progranrmed backups to specific hardware
functions

a
o

Command processing
Data compression

In additionto the specifically identified requirements, the routine requirements of "housekeeping"
and program sequencing and control exist. l{owever.
these are induced requirements of program implementation rather than program requirements and will
not be discussed further in the requirements section.
PRELAUNC H AND IMTIALIZATION

r

approximately l2 rninutes prior to estinrated liltoff
(T-12 minutes). Until this tinre, the LVDC has been
under control of the Ground Control Conrputer (GCC)
to perfornr prelaunch functions. At T-12 minutes the
RCA-l l0A issues a "Prepare to Launch" (PTL) command to the LVDC. During the PTL period the LVDC:

The prelaunch sequeneL' of events is referenced
to the estimated liftoff time. The sequence begins

11.3-12

erometers, and time. Telemeters these
quantities 6 tinres per second.

At T-187 seconds, the automatic launch is

started. At "t-22 seconds, the Ground Reference
Alert (GRRA) is issuecl by the Launch Sequencer and
sent to the LVDC. This signal terminates the PTL
computation cycle by eliminating LVDC Self-Test and

Platform off -level computation. At T-17 seconds,
the GRR interrupt is sent to the LVDC and program
control is transferred to the Flight Program. When
the GRR interrupt is received by the LVDC and recognized by the Flight Program, the following events
take place:

o
o
.
o

Time base zero

(fg) is started.

Initial'acceleration and gimbal angle
readings are read and stored,
The flight azimuth is calculated.
Calculate's parking orbit and translunar
injection target ing param eters.

o All

flight variables are initialized.

A discrete output is set to indicate that
the Flight Program is in the flight mode
and ready for liftoff.

Added 15 Novenrber 1969
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When the initialization ls complete. the LVDC
begins the navigational calculations and minor loop
processing. At T-8. 8 seconds, engine ignition is
started. At T+0, liftoff occurs and a new time base
(q) is initiated. Indication of liftoff is provided to
the LVDC by a discrete input.
MAJOR LOOP (BOOST)
The Non-Interrupt Sequencer phases 1 and 3
in Figure 11.3.2 illustrates the sequence of
the modules processed during the boost mode of flight.
The various routines are divided into functions and
are implemented by the application modules. Depending upon the mode of operation and time of flight,
the program will follow the appropriate "path. "
shown

The major loop bt,tins with the GRR interrupt
(T-17 SEC) when progranr control is transferred from
the RCA-110A to the LVDC stored Flight Program.
This step starts the boost initialization mode at Tg.
During the first 17 seconds, until T1 time, the major
loop will follow a path through accelerometer
processing, boost navigation, minor loop support,
discrete processing. and other associated modules.
At liftoff (T1 ), the flow remains the same as pieviously described but TT is now included in the loop.
The TT conrputations will continue in a repetitive
cycle until the end of the first stage burn. During the
second stage burn. the loop will include the same
processing as before except the IGM rnodule will replace the TT. The IGM path is implemented during
the boost period and any additional launch vehicle
burn periods, and is completed when the vehicle
enters the earth's parking orbit or is inserted into
the target orbit. Upon entering the orbit, the application modules, S-lVB cutoff Predi<'tion, Time Base
5,'?, and Orbital Guidarce becomes part of the florv
path. After S-IVB cutoff , the vt'hiclc is in orbit and
the Flight Program now switches to the orbital major
loop and the orbital routines.
Ac

celerometer Proces-sing

11. 3.

2.

has two main

objectives: to accu-

mulate vehicle velocity as measured by the Platfornr
or through backup.profile, and to detect velocity
measurement errors through the reasonableness tusts.
The velocities measured by the Platform accelerometers are accumulated in counters in the LVDA
in increments of 0.05 rneter per second. Disagreement, zero, a:rd reasonableness tests are applied to
the velocity change in each accelerometer input i.n
orcler to cletect erroneous acteleronreter counter

Added 15 November 1969

cremented by the change.
The disagreement test compares both the A
B readings of each accelerometer. If the readings
of each accelerometer agree within two pulses, the
A change reading is used for the zero and reasonableness tests. If they disagree, the reading change
closest to the expected change is selected for the zero
and

and reasonableness tests. The eryected change (EC)
is obtained by an approximate resolution of accelera-

tion through the measured gimbal angles. This value
of acceleration used is that which was computed during
the last computation cycle.
The selected counter is now tested for zero
change. All cha-figes greater than one pulse are considered non-zero and will be tested immediately for
reasonableness. Changes of one pulse or less are
considered valid if the zero test is disabled or if the
EC is less than or equal to Aco where Aco = 20 (F/M)
AT sin 2'. A zero change is unacceptabte if the
zero test is enabled and the EC is greater than Aco
where Aco = 20 (F/M) aT sin 6'. The times to enable
and disable the zero test are defined in the Events
Sequence Timeline taUtel ett acceptable zero changes
will be tested for reasonableness. Unacceptable zero
changes are replaced by a backup value derived from
(F /M)c acceleration profile.

If the selected change passes the zero test, it
is next subjected to the reasonableness test. The
change is rt-asonable if it falls within the +50 percent
of the expected change enlarged by a reasonableness
test constar.rt (RTC) multiplied by the computation
cvcle length (lt). Shouid the selected reading fail
the re.asonable'ness test, an appropriate velocity change
(F/M)c is cornputed from the current gimbal angle, At,
and prestored r.alues of thrust, mass, and mass flow
rates. The reasonableness test will not correct the
cause of the velocity error but will attempt to prevent
such errors from causing corresponding errors in
guidance and navigation quantities.

The accelerometer processing module, shown

in Figure

readings. If the change passes the previous mentioned
tests, the total velocity for each accelerometer is in-

The rer:iprocal of F/M is computed in the ST
application nrodule and is used during the IGM calculations. Due to thc nature of digital computations
ancl the' lou, fre.quency

osciltatiolts of fuel slosh, the

values of M F require smoothing to prevent instability
in IGM; Filters are utilized to attenuate or reduce

* Locatecl in I-VD(- I)qriation f)efining Docunrent for
Saturn Y F'ligirt l)r,rqranrs Part I ancl II I,rogranr
Rt-.quir..r:,rrts Revision I), i\{SFC NO. III-4-423-15
an<i Jir\i );(). ' '-.107-0001.
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The boost navigation routine is used from GRR

the effects of fuel slosh and to inliibit noisy or oscil-

attitude commands cornputed during
I latory desired
The filter is

IGM.

magnitude and rate limited.

IJoost Navigation

navigation module performs the computational process required to determine position,
vekrcity and acceleration needed as inputs to the boost
The

100 seconds after the

first S-lVB cutofl,

and

again from the beginning of restart preparations until
20 seconds after the second S-M cutoff.

tirqg rgt_9!-,{qlqg

b<.rost

guidance equations. Position is obtained utilizing the
following equations. The equations are shown only for
the X-axis for reasons oI simplicitv. Computations
for the other axes are iderrtical. All computations are
performed in tirt, inertial coordinate systenr:

lXsg. (Xsg . 1 2 iisgit)At
rl
JXnrf I 2lxm.Xm(past)l 'At
Xs(new) = Xs(past) + AXsg + AXmf

t Xo At

Where the new value of position (Xs) is the
summation of the past position plus the changes in

position due to gravitational velocity and acceleration,

thrust acceleration, and earth's rotational velocity,

Tht ilravitation subroutine utilizing a Fischer
Ellrps,r,l M:rth Model evaluates only the round earth
:u'r,l f irst otri.rlr.rrcs.s ternr s during boost. The evaluaIlr,rr ol !]ravitat lon rs ;.t three step process, In the
llr'st st('p the Y componcnt of the vehicle position in
ti,, r'r';rvttnti,)nal coordinatc system is computed.
Nt'rl thc gravrtational acceleration is computed from
a zonal harnronic expansion of the earth potential.

The third step transforms the gravitational components
back into the navigation coordinate system. The

accuracy of the navigation routine is not seriously
degraded by neglecting the third and fourth terms in
the potential expansion, To irnprove the accuracy,
the third and fourth harmonic terms are used during
orbital navigation since the total time in orbit is
scvrrral hours ;rnd S-l!'TJ restart depends on the computt:d vehicle position.
The Boost Navigation Modulc also performs
the computational pro<:e.ss to obtain tho ncw values
of velocity. 'Ihe respr-'<:tive cquations required to
perform thc computation in this mr:dule are:

xsg

xsg(past)

, IXsg,

l5glpastllatrz

is = xr,", . xsg-, xo
wherc space f ixed velocity is the summation of the
u<-.lo<:ities clue to thrust. gravity and earth's rotation.
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until

Time Tilt or first stage guidalce deals with
the method of generating steering commands (Chi)
from GRR to the initiation of IGM.

After liftoff, the trajectory of the vehicle is
maintained in a vertical position by maintaining the
initial guidance commands at their prelaunch values
for approximately 11 seconds. The initial roll angle
is established by storing the Iast roll gimbal angle
reading during the Prepare to Launch Routine. At
T1 * 1 second, the vehicle is given a7.25 degree yaw
command to ensure tower cleararre. At T1 + 8.75
seconds, yaw is commanded to zero to return the
vehicle to a vertical position and the roll attitude is
held constant until the launch umbilical tower is
cleared. When a change of position in the Xs direction of 138 meters has been detected, the roll angle
is commanded to zero. The roll angle is the angular
dilference between alignment oI the vehicle's position I on the launch pad and the desired flight azimuth.
Fin I and position I on Saturn IB vehicles coincide
u'hereas on Saturn V vehicles fin I and position I differ
by 45 degrees. In the case of an accelerometer
failure and the altitude cannot be accurately determined,
a time backup, at approximately 13 seconds, is provided to initiate the roll maneuver. After the roll
maneuver is completed, Chi X and Chi Z remain zero
while Chi Y is computed by the fourth-degree time
polynomial, obtained from a least-square curve fit
of the nominal baseline Chi versus time. Rate limiting
to keep the rate changes within sa-fe bounds prevents
the commanded gimbal changes lrom exceeding one
degree per second.

If an S-IC engine failure occurs during TT, the
pitch angle is frozen for a specific time which varies
as a function of the time of engine out failure. When
the freeze pelioa is completed, the original Chi y
versus time profile is resumed. Tilt arrest occurs
at approximately 160 seconds after liftoff . If an engine
failure occurs, the tilt arrest time is increased by the
duration of the freeze time. After tilt arrest the Chi
X and Chi Z commands remain fr:ozen at zero and the
Chi Y command is frozen until the initiation of IGMThis freeze continues for approximately 40 seconds
of the S-II stage f light to eliminate excessive flight
perturbations caustrl by S-lC burnout and S-II ignition.

Added 15 )1,r.,'enrber 1969
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The IGM is so called because o( the iterative
method of computation used. IGM is normallv implemented during two periocls of flight. The first period
(boost) begins during S-II burn and terminates at first
S-M cutoff when the launch vehicle enters an earth
parking orbit. The second period begins after S-IVB
reignition and is completed upon insertion of the vehicle into the target orbit at second S-IVB cutoff.
The function of IGM is to compute the angles
necessary to point the vehicle thrust vector along the
optimum path to achieve the desired S-IVB cutoff conditions under e><pected tlpes and magnitudes of vehicle
perturbations. The terminal conditions for IGM are
constrained by five quantities; (1) radial distance from
the center of the earth, (2) velocity magnituce,
(3) path angle, (4) inclination of orbit plane, (5) longitude of descending mode of the orbit plane relative to

the launch meridian. The velocity, radius, and path
angle are in the orbit defined Uy tne inclination and
descending mode. Once during each computation cycle,
the state of the vehicle (velocity, position, longitudinal acceleration, and gravitational acceleration) is
compared with the terminal conditions to determine
the deficiency in velocity and altitude. Assunting
constant thrust a.nd mass flow rate of the propc'llant,
the IGM scheme computes the direction in which the
thrust vector must be pointed to remove these deficiencies in the most optirnum fashion before S-IVB
c

utoff

.

The thrust vector steering law ( I = a + bt is a
general form oI the equation) on which IGM is based

is'approxirnately the optimum steering function for
planar motion of a point mass vehicle over a flat
earth. The guidance equation for Chi ( X - shown below) is applied in both pitch and yaw planes in IGM to
provide three dimensional guidance:

xz =Xz - 1/tr(Krx y =Xy -

th(Kr-

K4 ATN)

Kz

rrN) - dT t/2

length of previous computation

cvcIe.

dt is the terminal

range angle.

In IGM, the terms of the linear thrust attitude
law are computed pased on averagifrg the effects of
gravity over the range left to travel before cutoff.
Since there are no restraints placed on the terminal
range, all IGM computations are made in the injection coordinate system so that the flat earth assumptions employed are not violated. The \ axis of the
injection coordinate system is delined by 0t, the totat
range angl6 with respect to X4 axis of the target plane
coordinate system. The angle tt is computed from
the range left to travel and the instantaneous range.
The major IGM quantities as previously described must be computed every computation cyc1e.
There are two other quantities which give an indication of the vehicle performance and which are important components in the computation of the above
quantities. One is tau ( z ) which represents the
velocitv that can be gained by burning up all of the
remaining vehicle mass at a constant mass flow rate.
The other is time (T) which is the remaining period
until cutoff.

There are several more functions which are
associated with IGM. These are the steering misalignment corrections (SMC), terminal steering, S-M
cutoff command and coordinate transformation. SMC
terms are used to account for the fact that the thrust
vector and the longitudinal axis of the vehicle may not
be collinear. The IGM scheme has inherent instability
as the time left to burn approaches zero which requires modification of the method to compute the
steering commands as cutoff is approached. A special
method is used to determine whenthe velocity constraints will be satisfied for issuing the S-IVB cutof{
command. IGM computations are performed in the
injection coordinate system whereas the state of the
vehicle is determined in the inertial coordinate system. Thus it is required to transform between the
two systems.

Minor Loop Support

where
X

z

and

Xy are the velocity constraints

K,

and K* are the ideal altitude and velocity
rate terms.

Minor loop support fu.nctions consist of computing attitude change increments and the coefficients
for the gimbal-to-body transformation to be used in
the minor loop. Desired attitude commands (X*,

Xi,

XL

will

be computed each

fii<ed increments

K.IJ and K^ are the altitude constraints.

attitude r:ourmand

minor loop by adding the

(txl, I Xil. I xl)

to the previous

values. These attitude increments

?
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be' conrputed by dividing the difference between
lhe guidance comrrrands (\'16, Xy, .\ 2) and the present
.rinor loop attitude cornmands by the number of times
thc attitude conrmands are to be incremented between
minor loop support computations.

The attitude increments must be magnitude

limited to provide rate limiting on the minor loop
attitude commands and prevent divergence between
the desired and actual vehicle attitucles.
The number of times the attitude commands
are to be incremented and the values of the pitch, yaw,
and roll attitude increment limits for all periods of
flight are listed in the Event Sequance Timeline.
Thi' attitude errors are computed in the
Inertial Plat{ornr ginrbal system and must be transformed in the minor loop to provide attitude error
signals in the body-reference frame. To conrpensate
for the charrging relationship between the two refert'nt t, franrcs, the average roll and yaw attitude angles
prt'drcted for the' next computation cycle must be used
to calculate the coefficients.
Discrete Peg\gp"
The Discrete Baclorp processing routine is
an operational routine during boost mode
to ensure that discrete events, commanded by the
LVDC and schedulc.d with time, occur. The sequencitrg
is performed by comparing elapsed tirne with the
scheduled time for the events. Events are referenced
to some critical flight event. hence tinre must be
accumulated from these events. Each eritical event
causes a time base to be started. The indication
that the critical event has occurred is given to the
LVDC by either an interrupt, a discrete input or computed conditions. Because of the criticality of the

primarily

establishment of thcse time bases, Flight Program
backups are provided to initiate the time bases. For
Saturn V vehicles, there are eight major time bases.
Alternate time bases are provided to be used as
contingency backups iurd may vary from mission to
mission. The major critical events or time bases are:

TO GRR initiation

tl Liftoff (LO)
T2 S-ICrlnboard
TS

S-IC Propellant Depletionz'Engine Cutoff

q

S-II Propellurt Depletion/Engine Cutoff

T

TS
T(;

I

Y
11. 3- 16

Engine Cutoff (IECO)

S-IYB Cutoff (Boost)
S-IVR Restart Preparation

TZ S-M Cutoff (Orbital Phase)
TA Slingshot and Passivation
Time Base 1 is initiated by a liftolf discrete
provided by the liftoff relay in the IU at umbilical disconnect. The program will not start T1 or recognize
the discrete until 16 seconds after TO. As a backup,
if the vertical acceleration exceeds 2 meters per second per second for four computation cycles, liftoff is
assumed and T1 is begun. If a vertical acceleration
greater than 2lrilSec2 is not sensed for four computation cycles prior to 150 seconds a-fter T6, a one instruction loop is executed and T, cannot start.

Time Base 2 is initiated by the S-IC Inboard
Engine Out "A" interrupt. Backup for T2 is S-IC
Inboard Engine Out "8" discrete. The downrange
velocity is checked aJter the backup discrete is reorganized. If sufficient downrange velocity exists,
the LVDC will issue T2. The checking of the downrange velocity is a sa-feguard agaitrst starting T2
should T1 be started without liftoff. If T2 is not
started, the other time bases cannot be started.
Time Base 3 is initiated in response to the
S-IC Propellant Depletion,/Engine Cutoff interrupt
which indicates that the outboard engines have been
cut off. S-IC outboard engine cutoff discrete provides a backup to initiate this time base.
Time Base 4 is started at S-tr engine cutoff
in response to the S-II Propellant Depletion,/Engine
Cutoff interrupt which indicates that the propellant
level has reached a certain Ievel and the S-II cutoff
sequence has been initiated. The cutoff sequence
itseU is initiated and executed within the stage upon
receipt of the depletion signal from the propellant
Ievel sensors. This interrupt will be honored only
a-fter the propellant depletion arm signal is given.
Backup for this inttrrupt is provided by the S-II
Engtre Out discrete.
Tinre Base 5 is initiated by S-IVB cutoff .
Thcre are four conditions which serve as inputs to
the cutoff logic. These conditions are S-IVB Engine
Out interrupt, S-IVB Engine Out discrete, S-IVB
velocity cutoff, and low acceleronteter pulse count.
Any two or nlore of these conditions are recognized
by the logic as an indication to start Time Base 5.

Time Base 6 is not processed in the time base
routine but will be initiated by the LVDC when it solves
tht. restart equation or upon LVDC receipt of the
S-IVB Ignition Scqucnce Start signal from the spacecra.ft during spacecraft control.
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Time Base 7 is started at the second cutoff to
the S-1V8. The proc'essing for initiating Time Base
? is identical to conditions previously described for
Time Base 5. Time Base 8 is started via receiving
the DCS command.
Since Switch Selector outputs are a function oJ
time (retative to one of the time bases) , no Switch
Selector output is generated if one of the discrete
signals is missing. The backup routine is provided
to avoid this condition and to ensure proper sequencing
of events. The backup routine will force the program
into the correct time base if the critical signals do
not occur when they are expected.
MAJOR LOOP (ORBITAL)
The Non-Interrupt Sequmcer phase 2 a-nd 4
and Periodic Processor shown in Figures 11. 3-3
and 11.3-4 illustrate the application modules processed
during orbital mode. During orbital flight vhen the
vehicle is not over a ground station, the data that has
been stored by the LVDC since loss of previous station
as well as real-time data presently being calculated

must be telemetered.

Navigation, guidance, and attitude control
functions are carried out on a regular basis under
control of the Interrupt Processor. Orbital navigation is performed every 8 seconds and orbital guidance
is performed every second. This sequence of operations is performed under the frurction of the Phase 2
and 4 Control Module. Event sequencing is carried
out by the Switch Selector Processing Module in response to the Switch Selector interrupt. Ground commands are processed in response to the Digital Command Module which has an interrupt priority below
that of the minor loop and the Switch Selector.
INTERRUPT PROCESSING

When the program recognizes an interrupt, it
checks to see if it resulted from a TLC. If not,
the program then checks for a minor loop (Timer 1)
interrupt. This is done under program control independent of the logical priorities of the respective bits
in the interrupt storage register; the minor loop inter-

first

rupt bit in the storage register is a higher order bit

than the TLC bit. If the source of the interrupt is
not a minor loop, the computer systematically deter-

mines the source of the interrupt by examining the
remaining bits in the register. Regardless of the type
of interrupt recognized by the program, the interruption can occur at any point in the major loop. If for
exanrple. the interrupt occurs during the 50th instruction of the kroost navigation routine, the specific instruction would be completed, the program would
branch to the i.nterrupt routine, perform the required
operation and return to the 51st or next instruction
of the boost navigation routine. The performance of
the boost navigation routine would not be affected in
any way except for the small delay required to perform the interrupt routine. When processing of the
interrupt is complete and control is returned to the
main program, the interrupt inhibits are removed.
If time is within 60 milliseconds of S-M cutoff , only
the Switch Selector interrupt inhibit is removed so
the S-IVB cutoff can occur at exactly the correct time.
If S-IVB cutoff is not eminent, all interrupt inhibits

are removed.
The LVDC/LVDA has provision for 12 interProcessor Section 11.2 lists the
four basic levels of interrupt priorities.

rupts. [nterrupt

With the exception of the minor loop interrupt,
which is discussed in a separate section, a brief description of the remaining interrupts is given below:

o

The LVDC has a feature which permits interruption of the normal functions performed in the major
loop to free the computer for priority work. When
such a priority task arises, an interrupt is generated.

(

Refer to Figure 11.3-1. This transfers control to a
special routine upon completion of the instruction then
being executed. This special routine eetablishes the
mechanism for eventual return to the main program,
identifies the source of the interrupt, and then trans{ers control to the routine which performs the functions
required by the interrupt. During this period, all
other interrupts are inhibited with the exception of the
temporary loss of control (TLC) interrupt. The intervention of a TLC is permitted during the processing
of any interrupt except a previous TLC.
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Switch Selector Interrupt (Timer 2) - This
interrupt is used to initiate the Switch
Selector processing routine. The processing
routine provides a convenient and accurate
means lor sequencing internal program
events and issyes the output commands
necessary to actuate the Switch Selector

hardware.
Tenrporary Loss of Control (TLC) Interrupt - A TLC interrupt indicates that simultaneous memory failures have occurred
in both memory core A and B. After
processing of this interrupt the Flight
Program will return to accelerometer
processing routine if in boost, or to the
beginning of orbit initi.alize if in that
routine.

11.3-17
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Command f)ecode'r Interrupt - This interrupt conditrons the LyDC to accept conrnranrls {ronr ground stations to modify or
execute Flight Progran functions.

I

Guidance Reference Release (GRR) Intc'r-

rupt - This interrupt indicates that the
Platform has be.en released. It occurs
l? seconds prior to liftoff and is the' point
at which program control is tra.nsferred
to the Flight Program.

S-II Propellant Depletion Lrterrupt - This
interrupt indicates that propellant has
reached a certain level in the tanks and
the S-II cutoff sequence has been initiated.
Tirre Base 4 is initiated in response to
this interrupt.

o

S-IC Propellant Depletion Interrupt - This
interrupt indicates that the S-IC outboard
engines have been cut off . Time Base 3 is
initiatecl by this crrtoff .

I

S-IVB Engine Out Interrupt - This interrupt
indicates to the LVDC that S-IVB cutoff
has occurred. Four inputs to the cutoff
logic must be implemented prior to issue
of interrupt.

r

.
.

o

The minor loop sa.mples the yaw gimbal re-

solver, evaluates the yaw gimbal resolver data, conrputes the yaw attitude angle. and computes and issues
tIe yaw attitude error command. This process must
then be repeated for the pitch and roll gimbals.

Minor loop functions are performed every
40 ms during boost and every 100 ms during orbit.
The tolerance on the time between minor loops is
less than plus 2 rlls or minus 1 ms. However, the
start of a minor loop may be delayed if interrupt-

S-IC Inboard Engine Out "A" Interrupt This interrupt indicates LOX or fuel low
level. Time Base 2 is initiated by this
intcr rupt .

REAL-TIME TELEMETRY AND DATA COMPRESSION

Command LVDA/RCA-I10A Interrupt -

The minor loop, which

is initiated as a Timer

I interrupt, is shown in Figure t I. 3. 5 as part of the
Interrupt Processor flow. The prinre function of the

minor loop is to perform the cornputations necessary
to r:ontrol vehicle attitude. The' launch vehicle attitude, in the form of angular displacements rtreasured
by [rertial Platforru gimbal resolvers. will tx,. read
into the LVDC through LVDA hardware. The attitude
error must be cornputed by differencing thr-' attitude
ang)cs with the dtsire,d attrtude anglcs eonrputecl by

11.3-18

orbit.

protected processing is underway. During boost,
occasional delays of up to 8 ms may result from
interference by switch selector processing and a delay of up to 60 ms may occur just prior to each S-I\IB

MINOR LOOP OPERATION

Y

The control functions o( determining vehicle
attitude and cornputing and issuing attitude error
cornmands are called the ntinor loop. These functions
must be periormed 25 titnes per second during boost
and 10 times per second during orbit. The supporti.ng
control functions of computing attitude change iucrements and coefficients {or the gimbal-to-body transformation required for attitude error command computations are called minor loop support functions.
These functions rnust be performed once per computation cycle during boost and onee per secnnd during

Program Recycle (RCA-110A) Interrupt This interrupt applies only to ground
routines and is inhibited throughout flight.
The interrupt, when issued, terminates
ground routines involved in a loop.

This interrupt formerly applied only to the
ground routines. The interrupt is no
longer used and is classified as a spare.

f

the guidance equations. The resulting attitude error
must be tra:.rsformed to the body reference frarne,
limited in magnitude and rate of change, and issued
to the fiight control system.

cutoff . In orbit, minor loops may be delayed up to
12 ms by comma-nd decoder-interrupt processilrg.

The Flight Program provides telemetry for
both real-time analysis and post flight evaluation.
Continuous real-time telemetry must be generated
throughout the mission. During periods of orbital
navigation, certain quantities must be sampled, tested,
and stored according to specilied t.rorms. This compressed data must be stored in LVDC memory ancl
transmitted during acquisition of designated telemetry
dump stations, after the real-tinre telemetry has been
processed.

During perio{s of station acquisition, certain
priorities are assigned to the data lteing telemetered.

Real-time data has the highest priority. This data
originates in the LVDC and LVDA and is telernetered
at a maximum rate of 240 words per minute. Three
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types of telemetry words are transmitted as real-time
data with the following priority:

\_

o

LVDC telemetry - consist of quantities
calculated in the LVDC such as positions,

velocities, guidance comgands, mode
code words, etc.

o Error

data words - error words are
generated automatically by the LVDA each

time a bit is set in the Error Monitor
Register.

.

LVDA (nOM telemetry) - these telemetry
words include gimbal angles, attitude
commands, accelerometer inputs, digital
inputs and digital outputs.

Real-time data is telemetered one word at a
time until the station is lost or until aII the real-time
data is sent. The Digital Command System can command the sector dump routine once all the real-time
data has been sent. This routine provides the capability for commanding the program to telemeter the
entire contents of one LVDC memory sector (1? words)
or a series of memory sectors within the same memory
module.

Navigation computations are made once per
major loop during the boost mode and once per 8 seconds during orbital mode. All specified navigation
quantities must be telemetered each time they are
computed and within the same computation cycle.
These quantltl(,s rrr. lude the position, velocity, and
acct'lt'rrt i()r: r,'r,( f ,)r's due lrt thrust. gravitation, and
rnlilal corrdltions.

..

telemetered once per nrajor loop during boost m<xle
per second during orbital nrode.

and once

The accelerometers must bc read in both boost
orbital nrodes. In boost, the accelerometer
readings are used in navigation cornputations; in orbit,
they are read for telemetry purposes only.
and

During orbital mode. sig"nificant time intervals will occur during which the vehicle will be out
of electromagnetic view oI a telemetry dump station.
During these intervals, data must be processed and
stored in the LVDC lor later transmission when the
vehicle comes within electromagnetic view of the
next telemetry dump station. The processing and
storing of these data is referred to as data
compression.
Data to be compressed are divided into three
groups:

o

Group A - time compressed data, in which
quartities are sampled and stored at regular intervals. Data in this group includes
fine and backup gimbal angles, and
accelerometer outputs.

o

Group B

- occurrence compressed data,
in which data describing certain events is
stored when the events occur. Data is
this group include discrete inputs, outputs
and

interrupt descriptions, TLC HOP

(computer instruction) constants, Switch
Selector stages and addresses.

o

- amplitude compressed data, in
which regularly sampled qualtities are
stored only when they change by more than

Group C

a prescribed

The guidance comm:rnds, tht' changes in the
guidance commards and the tinre that these updates
are valid. and the attitude of the vehicle must be

ll

amount. Data in this group

includes error monitor register contents,
mode code 28 discrete inputs and discrete
input spares.

I
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stfitoll I2.l
NTRoDUCil0]l

The trstrument Unit is a cylindrical structure
6.6 meters (260 inches) in diameter and 0. 9 meters
(36 inches) in height, mowrted on top of the S-IVB
Stage as illustrated in Figure 12.1-1. The IU is attached to the S-IVB Stage and to the Spacecra{t/Lunar
Mdule Adapter (SLA) and remains attached to both
after Command and Service Module (CSM) and Lunar
Module (LM) separation.
The IU contains the equipment necessary to:

r

Perform guidance aad control of the vehicle
from liltoff through CSM and LM separation

r
r

Aid in radar tracking of the vehicle

o

Provide temperature control for the electronic equipment in the IU and the S-M

Provide a command link for ground control
of the vehicle t

ftage forward

skirt.

Instr-umentati.on is

provided to monitor performance ol this

fouling of connectors when the umbilical pulls loose
at launch.
The principal components in the IU structure
are bolted together to form a cylindrical ring. The
basic structure is comprised of three 120-degree
segments. Each segment is made by bonding an outer
surface sheet and an inner surface sheet to an aluminum honeycomb core. Each segment contains the
inserts, pads, and brackets required to mount the IU
equipment. The top and bottom edges of the structure
are alumiaum alloy channels bonded to the honeycomb
core and surface sheets. The combined thicloess
of the structure is 2.42 centimeters (0.95 inch).

Electrical cables used to interconnect equipment mounted on the fU structure are supported by a
cable tray. The cable tray, made of aluminum alloy
tubing, is mounted above and around the inside of the
IU structure. The cable tray also supports the ducts
used tn the IU purge system.

equipment.

Before liltolf, connections from the IU to ground
support equipment are made through quick disconnect
couplings at the IU umbilical plate. Access to equipment in the IU, LM, and S-[VB Stage forward skirt
is provided through a door in the IU structure. The
access door has been designed to act as a load carryuE part of the IU. The umbilical plate is located
next to the access door. An externally mounted,
sprhg-loaded door automatically shuts over the umbilical plate to prevent contamination and possible

The IU equipment is secured to the structure
by bolting directly to the structure or by bolting to
thermal conditioning panels attached to the structure.
The combined weight of the IU structure,
Astrionics equipment, and environmental control
equipment is 4200 pounds.

Tlpical arrangement of the equipment in the
for operational and R & DSaturn Vehicles is iIlustrated on Figure 12.t-2 through 12.l-7.
IU

?
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lnstrument Unit

5-lV B Stoge

Figure 12. 1-1 Saturn IB and V Instrument Unit Physical Location
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sECIl0il t3.t
THTRIilAL CONDIIIOilIilG SYSTEfiI
A thermal conditioning syatem is provlded in
the S-IVB Stage forrrard compartment and the Instrument Unlt of the Saturn Launch Vehicles. The thermal
cordttionirrg syetem heatg or cools the Astrionics
equlpment as requtred during prelaunch and flight.
The thermal conditioning system contails 16
thermal condltloning panels (cold plates) in tne S-M
Stage and 16 ln the Instrument Unit. Most of the equipment rrhich requlres thermal conditioning ls mounted
on eold plates; however, some equipment such as the
Leunch Vehtcle Digital Computer and Data Adapter
heve tntegrel coolant passages and are not mounted
on cold pletce. Each cold plate measures 76.2 centimeters by ?6.2 centimeters (30 inches by 30 inches)
end contalns tapped bolt holes positioned on a 5.1centtmetcr (z-rneh) square grid. (A cold plate is
illuetretcd tn Figure 13.1-1. ) This hole pattern per-

mits marcimum flexibility of component mounting on
the cold plates.

A coolant fluid of 60 percent methanol, 0. I
percent sodium benzoate, and 39.9 percent water by
weight is circulated through the cold plates ard equlpment having integral coollng paasages. Each cold
plate is capable of dissipating approximately,t20 watts.
A diagram of the environmental control system is shown In Figure 13. 1-2. The manilold and
methanol-water accumulator are filled with coolant
thror.rgh either oI the quick disconnects at the S-NB/
IU interface. The methanol-water accumulator provides damping of pressure fluctuations, a constant
coolant pump inlet pressure, and compensatlon for
thermal expansion of the coolant, and suppliee additional coolant should any be lost.
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Figure 13. 1-1 Thermal Conditioning Panel Details
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is srorcd at 20. ? x 106 lv/m2g (3000 psrg)
in the 2690-cubic-centinreter (l65-cubic inch) storagc spherc', The GN2 is lilteltrd lly f iltr'r A. tltr pressure reduced to appr,*rxilllately 114 x 103 1,'1112a (16' 5
psia) by the pressure regulatr.rr', and tlren .ippliccl t('
the lnethanol-rvater aceunrulator. The olif ice regtrIetor reduces the 114 x 103 Nllr2a (16.5 psia) GN2
pressure to 34.5 x t03 N/rn2a (5 psia), and this pressure ls us€d trl pressurize the water act'utttulattlr'
The oriJice regulator vents GN2 into the Instrutnent
Unit contpartmcnt to nlaintain constant pressure on
lhe water accumulator. A flexible nlembrane is ctlntained within both accumulators and provides a barrier
that prevents mixing oI the GN2 and the liquid.
(GN2) that

The bleeder assembly is opened during filltutg

of the methanol-water and water accumulators. This
provides an escape port for air which could othelwise
be trapped and irllows the flexible nlembranes in the
accunrulators to retract

Filling of the water accumulator is accomplished manually by pouring water into the accumulator through the water fill port. The flow of water fr<-lm.
the water accumulator to the ilight heat exchanger
(sublinrator) is contrtllled by water stllenoid valve C.
This valve is energized (ciosed) during prelaunch
operations since cooling of the lnethanol-water coolant
is accomplished by the preflight heat exchanger.
Filting oI the 165-cubic-inch storage sphere
with GN2 is controlled by GN2 solenoid valve A. A
hi,gh pressure sourcc of GN2 is applied to the GN2
supply and enrergency couplilrg vent quick discotrnect.
A pressure transducer indicates when the sphere is
pressurized to the proper value. At this time, CN2
solenoid valve A is deenergized (ctosed). The solenr.rid
virlve also provides for the venting of the system durLrg
prelaunch operati()l)s. iI required.

\-

During prelaunch ope'rations. the methanolwater coolant is circulated through a clcrsed-lorlp sy-stem by electrically driven, redundzutt coolant punlps.
Coolant pump No. 2 is a backup pump used only iI the
fluid pressure drops below 248 x 103 Nr'm2a (36 psia).
At this pressure level, a pressule switch closes and
the pun-rping operatiou is transferred lrom coolant
pump No. 1 to coolant pump No. 2. Check valves prevent lluid flow through the inoperative pump. The
coolant flows past the coolant temperature sen,sor,
through the ori-fice assembly, and then through the
cold plate6, gas bearing heat exchanger, and internallv
cooled equipnletlt within the Instrument Unit. 1'he
orifice assembly diverts a portion oI the coolant to

r3.1-2

tlre r:old plates in the S-IVB Stage. The coolant in
lhc I|turrl Iine either passes through the sublimator
anct preltight heat exchanger to the pumps or flows
through the bvpass line to the pumps, thus completing
the closed loop. The orifices shown in the LVDA,
LVDC, ancl Flight Control Computer lines maintain
thr: proper coolant flowrate through their respective
(lr,

r

rrlx)n(rnt.

The coolant temperature sensor, located near
the purirp t)utlel , senses the coolant temperature and
supplies an electrical signal to the Electronic Controllel Assembly which controls the modulating flow control r,alve. The modulating f low control valve diverts
Varyirg antounts of coolant through the sublimator and
prefiight heat exchanger if the coolant requires coolilg.
If the coolant requires no cooling, an fopropriate
quantity ot coolant is blpassed around the sublimator
a:rd heat exchanger.

As previously mentioned, during prelaunch
operations the sublimator is inactive and the preflight
ireat exchanger cools the closed-loop coolant. A temperatule controlled methanol-water mixture, supplied
by the ground support equipment, is circulated through
one section of the preflight heat exchanger, thus cooling the closed-loop coolant that flows through the other
sect ion.

During flight, the operation is the same except
that the sublimator is aetive and the preflight heat
exchanger is inactive. However, the sublimator does
not opelate until approximately 180 seconds after liftoff , at which time the ambient preasure is low enough
to sustain sublimation. Calculations indicate that during the transient phase, the thermal capacity of the
electronic equipment and thermal conditioning system
is su{[icient to prevent over-heating of the equipment.
The temperature oI the closed-loop coolant is
rrontrolled during flight by controlling the water flow
Ironr the Water Accumulator to the Sublimator. When
the IU ambient pressure is low enough to sugtain sublimation and the closed-loop coolant temperature is
above approximately 16. 1 "C (61 'F), water solenoid
valve C is de-energized (opens) allowing water te flow
f rom the water accumulator to the sublimator. Water
under pressure enters the sublimator and flows into
the pores of the porous plate. As the water in the pores
encounLers the space vacuum at a temperature and
pressure below the triple point of water, an ice layer
forms at the outer water surface ard continues to
build-up back towards the water passage. As heat is
transferred through the water passage and ice layer,
the outer suface sublimes. As the heat level is increased, the ice sublimes at a faster rate, increasing
the'r'ater flow rate. The converse is also true.
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Wlren the closed-l,rop coolant ternperature drops
below approximately 15 'C (59'F). water solenoid
vaive C i.s energized (closed), stopl:ing water {lorv to
the sublirnator and r:ausing sublimatit;n to cease.
Irn addition to the previous description of sublimator operation, a theory exists that twcr mt-rdes of
htat tra-nsfer occur in the sublirnator. 'l'his thet-rrv sublimation and evaporatlon - is as follou's: Water
under pressure enters the sublinrator (refer to Figure
i3. 1-3) and fkrrvs into tlie pores of the porous plates.
As the water i.n the large pores encounters the space
i,acuum, freezing o('('urs ald an ice plug is lrirnred.
I]n the snrall pores *,hich are r:r)n-wetted and r'an retain water by suriace tension, the water Iills the poles
to a distance where the restrictitin is srnall enough ttr

rctaln water at the inlet llressure. As the heat flux
increasc,s. the ice in the Iarge pores sublirnes at the
scrlid-vapr-rr interlace. and is Iorrned :rt the liquid-solid
interlacc. The vapor or steam is vented overlrcard.
When the heat llux becomes great enough to prevent all
ice fronr existing.., any further increase in the heat
load will raise the cvaporation tenrperature. The heat
load reaches a nraxinrunr when no ice exists and the
helit sink tenrperature is zero degrecs Centigrade
(32 degrecs Fahrenheit).
As can be seen, the sublimator has an advantage
ov(,r a heat exchanger in that the flow of water is sellregulating - as thc. heat flux decre'ases, ice plugs are
Iorured in the pores and the flow o{ wltter also decreases.
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GAS BEARIilG SUPPTY SYSTIIII
The gas bearing supply system furnishes GN2
at a regulated temperature and pressure for lubrication of the gas bearings in the ST-124-M Inertial
Platform Assembly.
The system is filled through the GN2 supply
and emergency vent quick disconnect (refer to Figure
13.1-2) from a ground supplied source. A pressure

transducer indicates when the pressure in the O.056cubic-meter (2-cubic-foot) storage sphere is approximately 20. ? x rO6 N/m2g (3000 psie). At this time,
normally closed solenoid valve B is deenergized
(closed) and the GN2 source can be removed.
The GN2 flows from the storage sphere, is
filtered by filter B, and reduced to a pressure suitable for lubrication of the gas bearings by the pressure regulator and filter. The GN2 is cooled or heated
as required as it passes through the gas bearing heat
exchanger, is filtered by filter C, and then applied to
the gas bearings in the Platform. After lubricating

the gas bearings, the GN2 is vented into the Instrument
Unit compartment.

A reference pressure is fed-back from the
Platform to the pressure regulator and filter. This
feed-back relerence pressure maintains the pressure
across the gas bearings constant by controlling the
pressure regulator and filter output pressure; i. e. , a
decrease in pressure across the gas bearings causes
the pressure regulator and filter output to increase.
The low pressure switch, which is calibrated
through the calibrate quick disconnect, indicates when
the pressure in the 0.056-cubic-meter (2-cubic-foot)
sphere decreases below approximately 6.9 x 106
Ni m2g (1000 psig). Should an indication of a pressure
decrease occur during prelaunch operations, the Plat-

form would be shut down until the 0.056-cubic-meter
sphere could be repressurized. Under normal inflight conditions, this should not happen unless a leak
or malfunction is present in the system.

13.2-riL3.2-2
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PRTTUGHT

Arn/Glt2

The Preflight Air/GN2 Purge System, hereafter
referred to as hrge System, is connected to the
ground support enviroamental control system through
a connection on the Instrument Unit umbilical plate.
Temperature and humidity controlled, Iiltered
GN2, is supplied through the Purge System to
maintain a eontrolled environment in the Instrument
Unit and S-M Stage Iorward compartment. A simplified diagram of the Purge System is contained in
Figure 13.3-1.

air, or

The Purge System is divided into 2 branches
by the purge system "Y". The branches end and are
capped at panel 19 of the lnstrument Unit. The air,
or GN2, is forced through the Purge System tubing and
vents iato the Instrument Unit ard S-IVB Stage forward
compartment through regularly spaced holes in the
(lexlble tubing assemblies.

PURGT

SY$Iit

A cool, dry environment must be maintained
or moisture will collect on the mounting and thermal
conditioning panels and the panels will rust. The
conditioned air is supplied through the Rrrge System
from completion of the erection of the Instrument
Unit to approximately 30 minutes prlor to the start of
vehlcle

fuelilg. A secondary

function of the conditioned

air is to provide a cool, dry environment for the onboard equipment and for the assembly personnel.
Conditioned GN2 is supplled through the I\rrge
System from approximately 30 mi.nutes prior to the
start of vehicle fueling to liftoff. The conditioned GN2
is supplied to maintain an inert, cool, dry environment.

Venting GN2 into the Instrument Unit and S-IVB Stage
forward compartment reduces the oxygen content of
the environment and reduces the possibility of the
environment behg combustible.

nd Cqp

(Typiol

2 ploca)

Fbx fubing
Couplcr (Typicl 8 ploor)

Flcx Tubiqg

Arnbly (Typiol l0 ploccr)

Purgc Syrtem "Y"

Dvct furmbly

Figure 13.3-1 Preflight Air/GN2 Arrge System
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HAZARDOUS GAS DTITCTIOII

The Hezardous Gas Detection System, hereafter
referred to as Detectlon System, is used to monitor
for the presence of hazardous gases in the Instrument
Unit and S-I. Sage forward compartment during
vehlcle fueling. The monltoring operation is continuous from the start of vehicle fueling to umbilical disconnect at llftoff.

Flgure 13.4-1 is a diagram of the Detection
System.

SYSItil

The Detection System congists of 4 tubes which
are open ended between Instrument Unit panels I and 2,
7 and 8, 13 and 11, and 19 and ?0. The tubee are
connected to a quick disconnect coupling on the umbilical plate through a serles of 'rTrr fittingc and a single
tube.
The ground-based hazardous gas detection
equipment extracts samples through the 4 tubes and
monitors the samples for the preaence of hazardous
gases.

)

@ @
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.Unim. Flocd lubc (Typiol l0plocc)
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Figure 13.4-1 Hazardous Gas Detection System
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STABITIZED PIATTORTI
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I}IIRODUCIION
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The ST-124-M Stabilized Platform sy8tem*
(see Figures 14.1-1 and 14. 1-2) provides the inertial

reference coordinates, integrated acceleration

(PEA)

.

data,

and vehicle attitude measurements with respect to
these coordinates for navigation, guidance, and con-

trol

oI the Saturn Launch

o

ST-124-M Inertial Platform

o

Assembly**

(\,ithin chapter i4) be referred to as lhe

Gas Bearing Supply

ffii#ffilJJ"Jl"A;ji;:T,?ii:1;,ilJiff""'
power
source'

system and the 28-volt dc

F'or the Purpose of brevity' the sr-"1.
1]
Inertial Platfon:-r Assernbly u'i1l herealter

Platfornr.

(ASC)

o (PACPS)

asse,rblies:

Stabili:,,1 Plat{orr-n systenr .rill hereafter
(u,ithin c,hapter 14) be referre(l to ,. ;;
PIatfurn. sysl.r'nr.

,\.'.

St_124_u Accelerometer Signal Conditioner
ST-124-M PlatIorm AC Power Supply

*mevitv,,he sr-I24-i\t
**

o

Vehicles.

The Platform system consists of 6

ST-124-M Platform Electronic Assembly

The interface between the Platfornl systenl
and other components of the saturn navigation, guidance, and control systenl is shown in Figure 14.1-3.
The accelerometer output signals are shapcd Lrv the

ST-I24-M PLATFORM
AC POWER SUPPLY
ST- I

24-M ACCE LEROME

IER

SIGNAL CONDITIONER

ST-I24-M INERTIAL
PLATFORM ASSEMBLY
SYSTEM OUTPUTS

ST-I24-M PLATFORM

r
r
o

Inertiol reference coordinotes
Integroted occelerotion doio

Vehicle ottitude meosurements

ELECTRONIC ASSEMBLY
IBM 8136A

Figure 14.1-1. ST-124-M Stabilized Plafform System (Saturn IBfV)
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;\(t'pler()meter Signal Conditioner and then converted
mlo a digital code by the Accelerometer Signal Processor (ASP) in the LVDA. The signals from the gimbal resr;lvers are converted to binary numbers in the
Crossover Detector (COD) in the LVDA. The resolver
chain output is used for prelaunch checkout only.
The Platform seryo amplifier contains solid
state electronics to close the platform gimbal servoloops and the accelerometer servoloops, and an impulse function generator for automatic checkout of
each servoloop.

Electrical Support Equipment (ESE) associated
with the Platform system is located at the launch site
and the launch control center. At the Launch site, an
azimuth-laying theodolite is located approximately
?00 feet from the base of the vehicle. The theodolite
installation trasmits signals via underground cables

to the Platform System ESE located in the launch
umbilical tower. Platform system ESE in the launch
umbilidal tower consists of an inertial data box, an
alignment ampli.fier panel, an azimuth control panel, a
theodolite amplifier panel, and accelerometer monitor
panels. The equipment contained in the launch umbilical tower interfaces with the onboard Platform system,
the RCA-110A launch umbilical tower computer, and
Jhe data link. In the launch control center, additional
Platform system ESE interfaces with the launch control center RCA-110A Computer and data link. This
equipment consists of a platform checkout and monitor
panel, a platform control panel, an azimuth laying
panel, and an azimuth-laying, video-monitor panel.
Total remote control and automation of the Platform
system is accomplished from the launch control center by use of the Platform system ESE, the launch
control center RCA-110A Computer, and the data
link.
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The Platform in the Saturn IBIV Vehicles is
a 3-gimbal system (Figure L4.2-ll. Thr: gimbals
are designated as the outer, middle, anrJ i.nertial
gimbals. The gimbals which altow rotation about the
X and Y axes have unlimited freedom, while the gimbal for the Z axis* (yaw) is limited to :40 degrees of
rotation.
The inertial, or inner, gimbal provides a
rotationally-stabilized table upon which three integrating accelerometers are mounted. The gimbal
systern allows the inertial gimbal rotational fr.eedom.
Threc single-degree-of-freedom gyroscopes provide.
the reference for the stabilized table. The gyros
hal'e their input a;<es aligned along an orthogonal
inertial coordinate system X1, Y1, ancl 21 of the
inertial gimbal, as shown ia Eigure 14.Z-2. The
signal gene'rator, which is lixed to the output a_xis of
the gyro, generates electrical signals ltroportional to
torque distu.rbances. These signals are transmitted
to tlre servoelectronics, which ternrinate in the gimbat
pivot servotorque motors. The servoloops maintain
thc innc'r ginrbal rotationally-flred in ihertial space.
The inertial girnbal has three pendulous integrat_

{ng gyro accelerorneters oriented along the

coordinates

inertial

XI, YI, and 21 (Figure 14.2-3).

Each accelerometer measuring head contains a pendulous
single-degree-of-freedont gyro; the rotation of ilre
rueasuring head is a measure oI integrated acceleration along thc. input axis of the accelerometer. The
Y accelcr<lnleter nreasures acccleration perpendicular
to thc thrust vector (crossrange acceleration). The
rrutlruts ol the X and Z accelt,r<lmeters are used to

* t'h..Xl'7 c.rorrlinatc6 u!ed in this book have been
r:hangr.rJ to relle. t the Projet.t .{irollo floordinate
Syst,,rr) Standards (SE 008-001- I ), 'I'his coordinatt'schr.nrt: br.contes effective for vehicles 204
and 502, (and subsequent). For further d.,tails
rcler [o Sectisn 1.2.

conrpute the pitch angle of the vehicle acceleration
vector and the required cutoff velocity.
The coordinate erection and orientation system
of the Platlorm aligns the XI coordinate along the
Iaunch local vertical parallel to ilre gravity vector and
aligns the Y, coordinate perpendicular to the desired
flight plane. The coordinate orientation i.s accomplished by use of an automatic alignment systenr which is
a part of the ESE on the ground. The leveling alignment servoloops ( Y and Z ) generate torquing voltages

which are a function of the earth's angular velocity,
the latitude of the launch site, and the azimuth of the
ZI coordinate (launch azimuth). These voltages are
applied to the Y and Z gyro torquers and cause each
gyro to torque its respective gimbal until the servos
are nulled. Platform coordinates are established in
azirnuth with the roll alignment servolool:. The ourput
of the roil alignment servoLoop is a function of the
earth's angular velocity and the latitude of the launch
site. Azinruth alignment, being a commanded function,
is accomplished by iniecting azimuth alignment sighals
directly into the roli alignment loop and torquing ilre
roll gimbal with the X gyro. 'I'he azimuth alignment
position can be updated at any time by the launch control computer.

'l'he reference coordinate frame of the platform
maintains a fixed relationship to the i:rertial gimbal.
This coordinate frame is accurately positioned prior
to vehicle liftoff and remains space-direction fixed
aJter vehicle li{toff. The gimbals of the platform
allow the inertial gimbal rotational freedom with respect to the vehicle. The gimbal pivots are the axes
abogt which the gimbals turn with respect to each
otler. The , Y pivots couple the inertial (stabitized) d)
gimbal to the middle gimbal; the y pivot axis is nornrally along the vehicle pitch axis at launch. The .. Z
pivots couple the middle gimbal to the <luter gimbal;
the Z pivot axis is normally along the vehicle yaw
axis. The - X pivots couple the outer gimbal to the

14.2-l
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Platform mounting base; the X pivot axis is normally
along the vehicle roll axis at launch. The PlatIorm
'ivot scheme is shown in Figure 14.2-4. The X, Y,
r'--nd Z pivots are controlled by dc torque motors; the
X pivot torquer has approximately twice the torque
capacitv uf the other pivot tr.rrqusls. This accornnr,dates the reflected torque rvhen the middle gimbal
rg not ()r'tlr(Jgonai with the outer ginrttal. Iior ti':ursier
of ele('tlical signals across the , X attd ' Y pivots,
slip-ring capsules are used. A flex cable is used on
the , 'Z prvot ber-'ause oI its linrited {r'eedottr.
Dual-speed resolvers (32:1 and l:1) are used
as shajt angle encoders on the +X, +Y, and +.2 pivots.
The outputs ol these resolvers are converted int<; a
digital code in the [,VDA. The s.vstem also has an
analog resolver chain which utilizes single-speed
resolvers Lrn eat'h pivot and three program resolvers

-''fsaa':'
*,1

I.

V-' ---'i
z.l

\,o

>,'. jJ

Z

lA = lnput Axis

Gyro

O,A = Output Axis
SRA = Spin Reference Axis
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Figure 14.2-2 Orientation of Gyro Axes
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in the inertial data box. This is used with the ground
ESE only to facilitate checkout and test. If required,
._- , th€ resolver chain system can be used as flight equipnrent to nleasure the gimbal angles and to provide the
vehicle attitude signals.
The " X aud rY pivots each contain a 100-

circuit slip-ring cartridge for passing electrical
signals across the pivots. The -X and -Y pivots
each contain an 80-circuit slip-ring cartridge. All
critical signals are routed through the plus pivots
while al} power transnrission is over the minus pivots.
The slip rings are built up by electrodeposition of
0.015 inch o{ copper base with a flashing o{ nickel to
prel,ent gold migration and electrodeposition of 0.015
inch of gold on the outside. The rings are dielectrically isolated and supported witi a filled epoxy. A
one-piece stainless steel cross-spline along the
center serves as the nrain structural member of the
ring subassembly (Figure 14.2-5). The leadwire is
fastened to tlte ring by electrodeposition and is routed
along the spline to the mounting flange.

A 90-degree V-groove is nrachinod into the
rings to serve as a guide for the brushes. Dimensional
tolerance on the ring assentbly is controlled by a grinding process where the V-grooves in all rings lre ground
in a single operatlon. A set of ntiniature precision
bearings and the brush blocks' nrounting frame complete the ring assenrbly.

B

rush'

Block

The two brush block subassemblies allow complete redundancy for each brush. The brushes are
preformed and prestressed Ney-ORO-28A (Tb% gold,
22?o si1ys., and 3(6 nickel) material. The brush blocks
are a filled epoxy structure aligned with dowel pins
and secured with screws to the frame. The leadwire
is an unpigmented teflon-insulated nickel-plated copper,
19/42, size 30 AWG, stranded wire.
Acceptance testing oI each unit includes 100hour run-in time, temperature cyciing, noise tests,
and an X-ray of the completed assembly.

Table 14.2-1 lists the slip-ring cartridge characteristics.
The Xp prism gimbal pivot is controlled through
oI 105:1 by a servomotor mounted to
the inertial gimbal. The angle between the prism
a gear reduction

gimbal and the inertial gimbal is accurately sensed
by dual s1'nchros (25:1 and 1:1) and controlled with a
followup servo.
Table 14.

2-1 Slip-Ring Cartridge Characteristics

)
Current Rating

1

A at L25 V, 400 Hz

continuous per circui.t

Noise Limit

10

Contact Resistance

0. 125 ohm per

Breakaway Friction

2g

pVlnlA
circuit

cm/circuit

Environmental

Assemblies

Temperature

Slip-rin9
Assembly

Vibration

- 55'C to +100'C (-67 "F to
+212'F) storage
o'C to + 6ooc (32"F to
+ 140'F) operation
15

g,

20-2000 Hz

3-hour test time per axis

Fl

g, 3 rnilliseconds
g, 11 rnilliseconds

Shock

30
20

Acceleration

2og

Life

onge

Useful Life

8?60 hours (storage and

operating)

Operating LiIe
rBl'1 B14l

Figure 74.2-5 Slip-ring Capsule
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1000 hours will meet noise
specification
5000 hours with maximum
of 100% increase in noise
specification
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2-6 Platforrn Gimbai Arrangenrent

to ,3 arc minutes. A u,iudorv iu the IU at control
position fV plovides a line-of-sight to tlre Platfornr
azinruth laying prisms for pene'tration of the azinrutlr
Iaying theodolite light source (Fiuure 14.2-7\.

The three-gimbal Plat{orm, as describeci, is
the norrnal launch pad configuration and is illustrated

ates

in Figure 14.2-6.
The weight of the Platfornt is 51 kilogrants
pounds). Ihe Plttlornr is moturtcd in the Saturn
IB V IU at control position IV on accuratelv machined
surfaces which are initiall,v qualified to the IU <:oordin(112

The electrical connectors and henrispherical
covers of the Platform are sealed so that exhaust gas

I
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from the gas bearing components must pass through
a special orifice i-n its base. This orifice is a pres,iure-regulating device which stabilizes the internal
ambient pressure at 8.3 N,/cm2a (12 psia). Because
of the characteristics of this ori-f ice, the iaternal
pressure will rise to approxinrately 11. ?5 N/cmza
(1? psia) in a one-atmosphere ambient and will drop
to the c<.lntrolled pressure of 8.3 N7'cm2a (12 psia)
approximately one minute after liftoff.

\L

The covers also serve as heat exchangers for
removing excess heat from the Platform. The methanol-water coolant from the environmental control
system flows through passages in the covers to remove
the excess heat. The methanol-water solution is
mailtained at 15.0 t2,2"C (59 , 4 ''f) by the IU environmental control system. The mass temperature
of the Platform stabilizes at approximately 43 "C
(110 "f). The hemispherical covers are fabricated of
aluminum and are secured to the Platform base with
cap screws and sealed with full-volume 0-ri-ngs.

The Platform gimbals, pivot housings, and
the base are machined from beryllium, which provides
the greatest sti.ffness-to-weight r4tio, stability alter
machining, and excellent heat transier characteristics.
The inertial gimbal is geometrically the most
gimbal and the most diJficult to fabricate
omplicated
._
(Figure 14.2-8). This gimbal. supports the three
stabilizing gyros, three accelerometers, two pendulums, the inertial prism, the synchro prism assembly,
and electronic modules. The mountingisurfaces for
the gyros, accelerorneters, pendulums, and prisms
are precision-machined surlaces. Orthogonality of the
accelerometer mounting surfaces is r 3 arc seconds;
that of the gyros mountlng surfaces is t 2 arc minutes.
The pendulums are matched to the accelerometers to
i 3 arc seconds, and the prisms are matched to the
Lnertial coordinates to r 3 arc seconds. Gas supply
passages are machined inside the inertial gimbal, and
special fittings on the gas bearing components allow
them to be plugged directly into the gas supply pas-

of each gimbal has a single gothic arch tlpe bearing
ioaded with a 2.27-kilogram (b-pounds) preload.
Gimbal pivot resolvers are assemDled in separate beryllium housings and attached to the pivots
with stiff diaphragms. This allows a minimum eccentricity between resolver rotor and stator, bench
testing of the assembled resolver, and easy replacement without disassembly o1 the ginrbal structure at
the load bearings.

Nitrogen gas is tlansported across the pivots
through an annulus with 0-ring seals. The total leak
rate of the pivot annulus wiII be less than 1400 cm3/
min (0.05 cf m) at Standard Temperature and pres-

sure (STP).
Structural resonance frequency of the outer
and middle gimbals is 265 hertz and 330 hertz, re-

spectively. A structural resonant frequency of 120
hertz is obtained on the inertial gimbal because of the
sti-flness of the beryllium gimbal rings. There is a
secondary resonant frequency of the inertial gimbal
at 280 hertz, which is obtained from the bearings and
pivot trunnions. Above 280 hertz, the gimbals attenuate base vibration inputs to provide a smooth
support for the components.

8ages.

The gimbal rings are designed as spherical

sections. This geometrv was chosen to give maxinrum mechanical rigidity and stability and to provide
svmmetri<'al moments o{ inertia for servoloop design.
Gimbal load bearings are designed so that
minimum shear is gtlaced on the gimbal. This is accomplished by using a pair of bearings on one pivot of
each gimbal which is preloaded against each oilrer
,,, 36.3-kilogram (80-pound) load. The other fivot

._

"
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Figure 14.2-8 Gimbal Design
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The Block diagrams of the gyro and accelerometer servoloops are shown in Figures 1d.3-1 and
14.3-2, respectively. The servoloops use a 4.8-kilohertz suppressed carrier modulation system with the
signal generatur outputs being ampli-fied and demodulated orr the girnbals of the Platform. The dc signal
fr'om the detector output is translerred from the Platfornr to the Platform Electronie Assembly. The dc
signal is shaped by a Iag-lead stabilization network,
remodulated at 4. 8 kilohqrtz, amplif ied, and then demodulated prior to entering the dc power bridgb.
This dc power bridge provides a current source drive
for the direct axis dc gimbal torquer'. The 4. 8-kilohertz carrier provides sulficient bandwidth for the
servolclop while the current driver for the torquer
maintains the gairl in the servoloop independent of

of system performance is the ratio

3
a

which describes

the maximum angular deviation for specified inputs
(To = to"qu" about IA). For instrumentation reasons,
Ta

-

t)

is used because o is very small for frequencies

below ten times the resonant frequency. The angular
motion ;3 resulting from a is nornrally a much larger

signal by the multiplication

factorlft-

(the gyro trans-

tJ

fer function) and is easily measured at the input to the
servoamplifier, F(s). In systenr design, the ralio
To

is

nrade as large as possible, consistent wittr

B

torquer heating and commutator brush resistance.

good transient response.

The Y servoloop has the Y gyro output signal
phase-shaped and amplified and sent to the Y pivot
torquerf The X and Z gyro output signals are resolved
alorg the X and Z coordinates of the middle gimbal by
a resolver nrounted along the -Y pivot. The outputs

The single-a-xis approach to the design of the
servosystem is expedient, but it ignores the effect of
mechanical and electromechanical interaxis coupling.
Mechanical interaxis coupling will occur if the pri.ncipal axes of the inertial gimbal do not coincide with the
input a.:<es of t}te gyroscopes. Also, products of angular
motion will occur if the moments of inertial are unequal.
Fortunately, in the design and fabrication oI the inertial
gimbal, close tolerance controls make these eflects
negligible relative to other interaxis coupling.

of the resolver are amplified and denrodulated. The
resolvt,d signals are then shaped and amplified and fed
to their corresponding gimbal pivot dc torquer. No
gain compensation such as secant d 2 is used in the
outer gimbal servoloop for middle gimbal angle deviation. Figure 14. 3-3 shows the hardware which comprises a ginrbal servoloop.
Block dia{rams of the gyro servoloop and
acceleronreter servoloop are shown in Figures 14.3-4
and 14. 3-5, respectively.
The principle function of the servosystem is
to tnaintain a near 0 in the presence of various disturbances (see Figure 14.3-6). A logical measure

* f fr" ivZ coordinates uaed in thir book have been
changed to reflect the Project Apollo Coordinate
System Standards (SE 008-001-I). This coordinate scheme becomeg effective for vehicles 204
and 50J (and sr.rbsequent). For {urther details
r('f er t S, ctlon l. 2.

The output signal (B) of the single-axis gyro

is a measure of the angle between the gyro float and
the gyro case. This is the signal used in the Platforrrr
servoloop. Because the gyro case is mounted to the
inertial gimbal, disturbances about its output axis are
reflected into other servoloops. Therelore, motions
of the gyro case about its output aris are coupled into
the servoloop for that gyro.
The effect on servostability of this pickoff
coupling depends on the orientation of the gyros on the
Platform. A multiplicity of possible gyro orientations
exists for a Platform, but it is not possible to orient
three single-axis gyros with mutually orthogonal input axes in such a way that there is not at least one
closed loop of gyro pickoff interaxis coupling. Addi-

14.3-1
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\

tional considerations for orientation of the g-vros on
tlrr: ulr.:1ral Sirrlbal must be nlade. These include the
conrru ()r rectification drift ard thr' unequal r,lasticitr.
(anisoelasticity) in the gyr,, sltrn axis ancl irr i)ut &\ls
which give rise to a steady sr.ill' drr-lt ra(tr, I'lre t.l ic( t
of gyrcl orientation is a {unction of the direction t-,t
applied lirrc.ar ui t'r Iel':rtiotl 111'1'lt.r1'atson tr]d varies

sinusoidallv as the at'celeration 1,e('tot' is rotated
about the gyrors ('utput axis.
F'igure 14. 3-(j ts a sker('h r,t rhe Platfr)rm gyro
)J'l(.nrirrlr,n. Tht, rnertial ginrl.lal is giruiralied for 3
degrees of Ireedonr relative to the vehicle about the
throe rrrutuallr, -perpendi<.ular. lues identi-f ied as cr;,
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?nd az. Each gyro is repr'esented by mutuallyperpendicular vectors which define the angular momentum (H), the input angular motion (a), and the
output motion (F). The gyros are identified with their
particular platform axes. The Piatform angular
motion about the input axis of the X gyro is coupled
into the pickoff of the Y and Z gyrbs, and angular
motion about the input axis of the Z gyro is coupled
into the pickoff of the X gyro.

The 3-ucis servosystem block diagram shown
in Figure 14.3-? illustrates this coupling through the
gyro output axes. The motion about the Y axis is
coupled into the Y axis servo but does not leed back
into either of the ot-her two gyro servoloops. Therefore, the Y axls servo wiII be disturbed by motion of
the X a"xis but no stability' problenr results. There is
coupling of the input angles a*and o, to the output

ayr

\_

nutions rlxand ,lZ, respectively. Therefore, a r:losed
loop is fornred which, in addition to t:ausing cross axis
disturbances, nlust also lx, con-sidr.r'r'd rs to its effect
on servo porforrrnncr,. A r+,s',it t.r (orl pr()vides con-

The actual pickofl signals which are fed to the
amplifier can be expressed as (Figure 14. 3-6):

o*= B* + a,
o =,) 'Y -d

Y

tinuous coupling between the inertial components and
the gimbal about which compensating servotorques are
applied- This effect is shown by the sinusoidal coupling
between the X and Z axes.

X
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'fhe dual resolvel prr,rr.ir.ies ttrr. r'ttl,.liir:d hrf tr
readout accuracy. The LVDC'LVDA pr'(,r css('s th{,
nteasured girnbal attitude signals and r:orrtpuir.s ilre
roll. pitcir, and yuw vehicle lxrrlv raler, i()l' th(' .lltitud('

As shown in Figure L4.4-1. the +X. +Y, and
+Z ginrbal pivots have dual-speed analog resolvers
fur angular readouts, | 1'he resolt,r:r ()utpu( voltages

arc sent to tlre LYI)A l()r' anal(,9-to-digital cullvc'l'sion,
A schenratic diagram is shown in Figure L4.4-2.

cont

rol system.

Ihe dual resolver iras l)i,tlr a 32-spced artrl a
sirylle-speed winding on the sanre mzlgnetir' :rtlur'tule .
Tlre 32-speed winding provides 32 electrit:.rl rolirtions
for one mechanical shaft rotation. J'he re,elerrce
voltage, or resolver excitation (V1), is 26 \'r)lts, i01t,
hertz. The output winding drir.cs :rn RC l.u-irlgc netwnrlt as shown in Figure 14.4-2.
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The voltage V, at the input to the start pulse
generator t an ix t,xpressed as

which opens a gate and a counter counts a 2.048 nregahertz clock frequency. As V, passes through zero

with a positive slope, a stop pulse is generated rvhich
i']os('s tht, Lrate ancl stops the counter. The number of
t.,r'1c.: c<.luntcd rs a nr('irsure of the gimbal angle (Refer
to the vector diasram in Figure 14.4-3).

E j1za - r/4)

'z= Jz "

V, at the inlrut to the stop pulse *enerator can be expressed as

and the voltage

ur=#

s-

j(32rr

V2 Sto* Signol

- r/4)
(no

where E is the open circuit resolver voltage and 0 is
the rotation or nrechanical angle in radians.

62=

*'
Reference

6s=-e

V

Fronr the ratio of ? =,,j(64t' - t'2), i, i"
V:

shift of V, with respect to Vr, is
.i
64 times the angie or a multiplication by a I:rctor of
2 occurs in the blidge nehpork

=

Esin

<.ro

i

seen that the phase

V3 Stop Signol
IBl,l 8155

As the instantaneous voltage V, passes through
zero with a positive slope, a start pulse is generated

Figure 14.4-3 Ginrbal Angle Vector Diagrams
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flight equipment. The capabilities will be
utilized in the ground checkout system to program the
platform gimbals Ior vehicle control system calibraplanned as

The single-speed winding uses a single RC
passive network which generates a start pulse; the
stop pulse is obtained from the reference voltage to
the resolver primary as shown in Figure 14.4-2. The
method of counting is the same as for the 32-speed
windings. This inJormation is utilized only if the 32speed winding is lost. Thus, degraded accuracy
occurs rather than complete failure.

tion.
The resolver chain system includes three
servo-driven resolvers whose shafts are time programmed from the ground computer with a maximum
rate of 2 degrees per second; operational rate is L
degree per second. These units are located in the

The LVDA provides two frequency reference
sources, one for the 32-speed winding and one for the
single-speed winding. These references are controlled by the same frequency standard to hsure that
the gimbal angle measurement will not be lost i.{ one
reference source fails.

inertial data box.
The resolver chain schematic is shown in
Figure 14.4-4. The resolversX;1, Xy, andXrare
the time-programmed units. The characteristics of
tlle resolver chain system are listed in Table 14,4-2.

The 32-speed system atcuracy i5 basically
insensitive to temperature variation of the resolver,
as well as impedance unbalance in the output windings.
The open circuit voltage of the resolver is the basic
reference voltage as shown in the equations.

The resolver chaiu performs coordinate transformation computations. From Figure 14.4-4, it
can be seen.that the resolver chain provides six transformation matrices. With proper detection, two chain
references (f. and f.) allow vehicle roll, yaw, and
LZ

The resolver and performance characteristics
of the angular readouts are listed in Table 14.4-1.

pitch signals to be detected from the transfortnation
matriees. The 1. O-kilohertz signal on t}te Y"winding
and the 1. 6-kilohertz signal on the Xg at the output
of the resolver chain provide the roll and pitch rates,
respectively. The 1.92-kilohertz signal on the'Xg
winding provides the yaw rate. If redundant steer-

The Platform system also contaias an analog
resolver chain system which caa provide vehicle roII,
pitch, and yaw attitude steering signals directly to the
control'system. This is a backup system and is not

Tabie 14.4-1 Angular Readout Characteristics
Resolver Characteristics

Single-Speed

32-Speed

Excitation voltage

26Y + 5?o

26V + Tah

Harmonic content of
excitation

A.

0. l7o

Excitation frequency

1016 Hz + 0.0170

1016 Hz

Excitation power

1.8 W

0.08 w

Mechanical accuracy

*

+ 30 arc min

LVo

10 arc sec

I

0.01%

Secondary voltage

maximum (open circuit)

5.0v

5.0v

System Characteristics

speed
System low speed
Static accuracy
System high

64:1
1:1

t

Dynamic accuracy (error is proportional to input
Computer clock

frequency

Temperature range for optimum

rate)

30

20

arc seconds

arc seconds at 0.2 rad,/second

2. 048 MHz

accuracy

* 30'C

t

0.0170

(54"F)
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Table 14.4-2 Resolver Chain System Characteristics
L,xt:

Demodulator Output

itattrrn

t,

26

tz

26v,

V,

1. 6 kHz

1.92 kHz

To control computer

3 Vdc/deuree of arc

To telemetry (fine)

,.2.5Vdc':3degrees
2.5 Vdc .

(coarse)

-

Linear range

15 degrees

15 degrees

of 15 volts, 1.92 kilohertz which is in phase with
vector Y6. This bias voltage is removed by a bucking
voltage obtained from YO (f2). The signals are filtered
and, by means of signal bucking, detection filtering,
modulation anrplification, and redetection, are separated as shown in Figure 14.4-5. The output signals
are dc yith a scale factor of 3 volts per degree. The
"3-sigma" accuracy of the resolver chain is 9 arc minutes over a cornplete cycle.

ing signals were required, a third reference (f3) could
be inserted at fo and the detection system would provide an additional roll, yaw, and pitch signal at Z"
and YO.
Tho detet:tion schenre ior the resolver chain
is shown in Figure 14. 4-5. When the vehicle coordirrate system is aligned to the navigational coordinate
system, the YU winding will have a standing voltage
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OTHTR PI.ATTORTTI SYSTHN UilITS

r.5.r PtAIfoRt trICIRoilrc AssttBly
The ST-124-M Platform Electronic Assembly
contains the electronics, other than those located in
the Platforrn, required for the Platform axis and
accelerometer stabilization. Switching electronics
for controlling Platform system power and checkout
functions are aiso located in the Platform Electronic
Assembly. The electronics are printed circuit, modular constructed, and are fitted into the box with an
electrical connector (for ease ol assembly and maintenance).
Conrponents or modules requirin€i pressurization are protected by epoxy encapsulation. Internal
heat sources are heat-sinked to the main casting, with
heat being renroved by conduetion into the temperature
controlled morurting panels (cold plates) of the Instrument Unit. For systenr evaluation, critical control
signals are conditloned in the Platform Electronic
Assembly and supplied to telernetry.

The Platform Electronic Assembly is a cast
magnesium structure and is mounted to the cold plates
with pads which extend out lrom the box structure.
The box has a Iight-gauge sheetmetal cover, which is
gasket-sealed and maintains a pressure of 1.4 N/cm2g
(2 psrg). Internally, the box contains a cast magnesiunt
deck for mounting electronic components and a grooved

rack for mounti.ng printed circuit modules. The as-

Three single-phase, 20-voit (no load) referencesquare-wave outputs of 4.8 kilohertz, 1.92 kilohertz,
and 1.6 kilohertz are also provided.
The oscillator in the power supply generares a
temperature-stable square wave of 19.2 kilohertz
derived by {requency division fronr a 2.45-megahertz
quartz crystal oscillator. This 19.2-kilohertz square
wave is the frequency source from which all the frequency outputs are derived.
The frequency divider network, referenced
with the 19.2-kilohertz square wave, produces two
buJfered 4.8-kilohertz square waves. One 4.8-kilohertz wave becomes the "clock pulse" Ior the cycle
register; the other feeds the regulator-driven atnplifier. In addition, the network provides dividers and
buffers for the auxiliary outputs. Al1 frequencydivider circuits use Johnson-type counter logic to
provide symmetrical square wave outputs to eliminate
complicated decoding gates. The network section
utilizes integrated circuits construction
The cycle register produces six push-pull,
square-wave, 400-hertz outputs phased in 30-degree
time increments. The 4. 8-kilohertz signal f rom ilre
divider network is used as the clock pulse to trigger
the six register flip flops. The flip flops are bistable
circuits of the same type (integrated-circuit) used in
the frequency divider network.

sembly weighs 19 kilograms (42 pounds).

flip liop drives one channel
One channel. consists of two

Each cycle register

r{.5.2 Pr,rrronr A( Poutn suPPlY
The ST-124-M Platform AC Power Supply
(Figure 14.5-1) furnishes the power required to run
the gyro wheels, excitation for the platform gimbal
synchro, and frequency sources for the resolver chain

?

references and for gyro and accelerometer servosystems carrier. The power supply is a regulated,
solid-state, three-phase, ac power supply capable
of supplying up to 250 VA continuously. With an input
voltage from 24 to 30 Vdc, it produces a three-phase
sine wave output, which is lixed at 26. 5 v,rlts (rms)
Iine-to-Iine at a lixed frequency of 400 ,0.01 hertz.

of the power

amplifier.

cascaded push-pull stages which are transfomrer
coupled; all transistors operate in the switching mode,
'which contributes to flre high ef{iciency oI the inverter.
Each channel excites a push-puli primary winding of a
toroidal output transformer. The secondary windings
consist of three per transformer with a 4:3:L winding
ratio (A of Figure 14. 5-2). Each of the outputs has
1 winding from each oI the 6 transfornters (B of
Figure 14.5-2) in a cor.nbination of 3 pairs with a
4:3;1 wattage ratio. The manner in which these
ratios are used in the generation oI th+r sine wave
output is illustrated in C of Figure 14.5-2.

14. 5-
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The output voltages contain 15-percent
harmonic distortion" A low-pass output filter re'duces
this distortion by approximately 10:1. The
voltage regulator compares a sample of the threephase output voltage with a stable Zener reference

which is gasket-sealed and maintains a pressure o[
1.4 N..'cm2g (2 psig). Modular-potted constructic.rn
is used throughout. Motherboard printed circuit
boards with integrated circuitry minirnize internal
wiring. The weight of the assembly is 14. 5 kilograms

voltage, then amplifies the error and biases the
**-". amplifier to close the loop.

(32 pounds).

u.5.3 SI-t2l.m tcctttnottItR stcillt
c0ilDtTtolttR

The 19.2-kilohertz oscillator, the frequency
dividers, the network dc supply, and the cycle register operate in dual redundancy. If the 400-hertz
voltage is not detected in channel A, a tistable
switching circuit will instantly switch power demand
to charmel B.

The ST-124-M Accelerometer Signal Conditioner
accepts the velocity signals from the Platform accelerometer optical encoders and shapes them before
they are passed on to the LVDC/LVDA. Each accelerometer requires 4 shapers
shaper and a
- a sine
cosine shaper for the active channei
and a sine shaper
and a cosine shaper for the active channel and a sine
shaper and cosine shaper for the redundant channel.

The Platform AC Power Supply box is cast
magneaium and has a light-gauge sheetmetal cover,

3d 26.5 V rms
4.8 kHz

400Hz

Cycle
Regi

19. 2 kHz
Oscillotor

..r4

ster

2.45 MHz
Crystol

9.6 kHz

Fi

lter

28 Vdc

lnput

I

.92 kF.z

1.6 kHz

Voltoge Error

4.8 kHz

Squore Wove Outputs

IBli.l

Figure 14. 5-1. Platfornr AC lrower Supply Block Diagram
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Also included are four buffer ampliliers for each
The total assembly weighs approximately 4.5
tccelerometer
one for each sine and cosine output.
kilograms (10 pounds) and is fabricated from a magTtre output of these buJfers is furnished to the blocknesium casting. Light-gauge sheetmetal covers with
house for a prelaunch accelerometer calibration check. gasket seals maintain an internal pressure of 1.4
The accelerometer telemetry velocity signals are also
N/cmzg (2 psrg).
conditioned in this assembly. Characteristics of the
velocity signals are listed in Table 14.5-1.
Table 14.

5-1 Characteristics of the Accelerometer TM Yelocity Signals

Output voltage
Signal rise

levels

time

0-6 volts minimum (3 volt bias)
0-8 volts maximum (4 volt bias)
10

ps on square

Output frequency of acceleration

signal

?

14.5-4

x20 g (5O Hz/g)

wave
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sECTloil t4.6
PTAIFORIII TRTCIION SYSITTII
The erection of the Platform to the local vertical is accomplished by two gas bearing pendulums
which are fitted to the inertial gimbal. The input axes
of the pendulums are parallei to the Y and Z accelerometer measurlng axes*.

The characteristics of the pendulums are listed
in Table 14.6-1.

The gas bearing pendulum is a single-axis
gravity-sensing device. Its sensing element is a
gas-floated slug which supports a soft iron core as
shown in the cutaway view oI Figure 14. 6-1. The
iron slug moves inside the coils of a linear differential transformer which provides the electrical
output signal. Damping of the slug motion is provided by a chamber and an exhaust orifice while the
spring restraint is obtained magnetically.

shown in Figure 14.6-2. The input axes of the Y and
Z pendulums are along the inertial gimbal Y and Z
axes, respectively. The pendulum output is amplified
by a preampli.fi.er on the Platform and then transmitted
to the ground equipment alignment amplilier.

* The XYZ coordi.nates used in this book have been
changed to reflect the Project Apollo Coordinate
System Standarde (SE 008-001-I), Thls coordinate scheme becomes eiiective for vehiclt-.s 204
and 502 (and subsequent). For further details
reler to Section i.2.

A block diagram of the erection system is

The alignment amplilier provides a proportional plus integral path to the torquer drive amplifier,
which returns the signal from the ground to the variable
coil of the gyro torque generator. The erection system is a second order system with a natural frequency
of 0.05 radian per second and a darnping ratio of 0, 5.
The leveling accuracy of the erection system is r 2. 5
arc seconds.
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Tatlle 14.6-1 Gas Bearing Pendulum Characteristics
Physical Characteristics
Volume

5?. 5 cm3 (3. 5 in3)

Weight

?5 grams (0. 6165 pound)

Gas Bearing

pressure
Gas flow
Gas gap

10. 3

Gas

t'l/cm2a (15 psid)

0. 028 m3/h

( r 1 SCFH)

0.015 to 0.02 em
(0.006 to 0.008 in.

)

Signal Generator

Type
Excitation
Sensitivity

Inductive
4

V, 400 hertz

400 mV/degree

Performance

t 2.5 arc seconds

accuracy
Input range
Time constant
Leveling

.-

0. 5 degree (signal saturation)

10 seconds

PLATFORM
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AZIMUTH AtIGiltIITNT SYSTEiI
The azimuth alignment system orients the
Platform +Z coordinate axis* to the desired flight
azimuth. To obtain the high accuracy requirement,
the azirnuth alignment system utilizes electro-optical
techniques. The basic elements of the azimuth alignment system are an autocollimating theodolite with
detection system, synchro encoder servosubsystem,
launch control computer for azimuth programming
and reference, and an alignment torquing servosubsystem. Fitted to the iaertial gimbal is a porro prism
(intermediate infrared) with its dihedral edge parallel
to the Z axis of the inertial gimbal. A second prism
(near infrared) is fitted to the stator of the two-speed
synchro which has its dihedral edge free to rotate in
the Y-Z plane (Figure 14.7-1).

The basic element of the optical system is the
SV-M2 Theodolite (Figure 14.7-2), The system consists of an autocollirnating theodolite with necessary
optics and detectors, a penta mirror set, an automatic
sway control system, reference 1:rism with stand,
closed qircuit TV monitoring system, and sullport
electronics and control.
The theodolite has three control channels
the synchro prism, the inertial prism, and a trihedral
prism (Figure 14.7-3). An inlrared energ.y spectrum
is generated by a tungsten filament lamp. This spectrum has a bandwidth of two microns which lie between 0. 7 and2. ? microns. Atmospheric absorption
of inJrared in this bandwidth occurs at 1. 35 and 1.8

microns. Therefore, thr'control channels are divided
at 1.35 and 1.8 microns u'rtl,. lhe 0. ? to 1.35 nricrorrs
near infrared-band assignecl to the synchro prism, the
1.25 to 1.8 nricrons intermediate inlrared-band assigned to the inertial prism, and 1. 8 to 2. 6 micron
far inJrared-band assigned to the trihedral prism
(Figure 14.7-4). The prisms have a dichroic multilayer coating that allows only the desired bandwidth
of energy to pass.

f

* The XYZ coordinates used in this book have been
changed to reflect tht'Project Apolio Coordinate
Systerl Standarda (SE 00il-001- l). This coordinate scheme bec,rmt's eflectivr'fo1 vehicles 204
and 502 (and subseqrrent). F'or iurther dctails
rcrer to St,ction l' 2.

The angular position of the synchro prism is
controlled directly from the theodolite. A theodolite
error signal drives a servoampli.fier which is located
in the launch umbllicat tower. The amplilier output
is transmitted to the Platform where it excites a
servomcltor located on the inertial gimbal. The servomotor positions the slmchro prism through a gear train
of 105:1, reducing any angul.ar error to zero. This
loop is active throughout countdown until vehicle IiJtoff. The angle between the inertial gimbal (navigation
coordinates) and movable prism is measured by a
precision 25:1 dual-speed control transmitter synchro
(Figure L4.7-5). The inertial prism is controlled
by the theodolite output signal through the roll alignment servoelectronics by torquing the roll gimbal
until the prism is acquired.

The trihedral prism, which is fixed to the
vehicle, is used as reference for a servosystem to
position tle penta mirror which provides the theodolite with the capability of translatory tracking. At
the vehicle elevation of the Plaform systenr, the
SV-M2 Theodolite (Saturn V, Ivlod 2) will compensate
for a r 35.5 centinreters (t 14 inches) translation
nrovenrent of the vehicle. The trihedral prisnr servoloop increases the aperture of the autocollinrator from
20 centimeters (8 inches) to 81 centimeters (32 inches)
at a rate of 81 centimeters/second (32 inches,/second).

Prisnr acquisition signals from the three channels are generated with the same infrared-coded
bandwidths that produce the error signals. These
are used to automatically block and/or initiate other
events in the vehicle launch procedure and azinruth
alignment system. Indicator lights on the theodolite
control panel in the launch control center confirnr
that ilre 3 prisms are in the acquisition range of the
theodolite. Two closed-circuit TV monitor systems
provide the launch control center with a view of the
3 prisms and a monitor oI the theodolite control and
display panel in the theodolite hut.
The elevation angle (nominally 25 degrees

Irom horizontal) of the theodolite is set by a dc
motor-driven actuator which is manually controlled

14.7-l
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generated encoder sampling time of 20 milliseconds.
The output is a cyclic gray code with logic levels of
0 or 28 volts" The 25:1 dual synchro witfi the pladorm
dual synchro has a back-to-back control transmltter:

from the launch control center. At the Saturn V
ttunch complex, the theodolite can operate with a
\_ 45. 5 centimeter (+ 14 inches) variation in elevation
without requiring any adiustment.

control tranrformer error of

The enqoder-synchro package consists of a
25:1 dual-synchro, an 18-bit optical shaft angle
encoder, and a motor-tachometer-gear assembly.
The encoder is provided with an enclosure contgin- .

ing strip heaters to maintain the temperature within
* 5'C (9'F), maintaining the designed accuracy of
+ 10 arc seconds. The encoder system has a gelf-

t

10

arc seconds,

The reflected inJrared energy from the prisms
is acquired by the theodoliters optics. From thls
eoded energy, fte theodolite detects deviations from
the desired poeition of the prisms. These coded
signals are separated into their respectlve chiltnels
by slit prism angle filters aad dichroic beam splitters.
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The dichroic beam splitters have a dichroic multilayer
coating eimilar to the prisms. Each of the three channels has acquisition detectors which generate dc signals
when the prisms are within the acquisition range of the
theodolite. These signals are used to indicate ac-

contacts

A, B, C, and D and opens contacts E, F,

G,

H. A bias signal is injected

into the synchro
prism servoloop to drive this prism into acquisition;
the acquisition signal removes tle bias and closes the
synchro prism servoloop on the theodolite and drives
the synchro prism to null.
and

quisition and to control relay switching in various
other vehicle-assosiated control functions. When
an error exists in any channel, a representative
portion of the infrared energy passes through the
slit prism filter to the dichroic beam splitter and on
to a lead sulfide detector. A phase-oriented ac voltage is generated which is directionally proportional
to the angular error. This voltage is amplified and
demodulated to achieve the desired signal gradient of
100 millivolts per arc second.

The output of the dual-speed control transformer drives ttre encoder-synchro servoloop until
the synchro output is zero through contact E. The
RCA-110A Launch Computer reads and stores the
position of the 18-bit encoder. Thus, the baseline
azimuth is stored in the computer. This is the azimutJr of the navigation coordinate system and is t}te
referenee from which launch azimuth is established.
Any deviation from this position wiII generate an error
signal in ttre CX:CT measurement causing the X gyros
to torque the gimbal and reduce the error to zero.

The simplified azimuth block diagram in Figure 14. ?-6 shows the operation ol the azimuth alignment system. AIter.all systems have been energized,
the erection systenr positlons the inertial gimbal to
the local vertical. The azimuth alignment equipment
is switched into the acquisition mode. This closes

The mission azimuth is established with contacts A, B, C, and D open and contacts E, F, G, and
H closed. The launch control computer computes the
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\-

the predicted launch time. The computer program
translates any deviations from the predictecl launch
tinre into a respective azimuth angle change and
l-epositions thr, inertial qirrrbal to the changing azirnuth through the encoder synchro. The nrission
azimuti is displayed in the launch control center hy
a digital monitor.

azimuth program angle by comparing the baseline
-zinrut} to the stored ntissiott azinruth and torquing
le synchro-encoder rei)eat( I uttttl tlte' e'nt'<,<le'r orrtput
agrees r*ith Urt, eonrputer. The error signal from the
dual-speed synchr',r sYslenr is tt'd to thc X gvro alignnrent loop and drives the inertial gimbal to the rnission
azinluth which also nulls the CX:CT unbalance. The
synchro prism is held fixed with respect to the optical
beam lrom the theodolite on the baseline azimuth. The
inertiat gipbal (navigation coordinates) is helri on the
mission azimuth with the CT acting as an azilnuth plckoff. The azimuth angle computation is a function of

The analysis of the azinruth alignnlent error
shows the root sum squared systent
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stcTloil I4.g
GAS BTARIilG GVRO
The Platform contains three AB5-K8 gas
bearing single-degree-of-freedom gyros. These
components measure the vehicle motion; their performance capabilities define the hardrvare accuracies
of.the guidance system. No active compensation is
used in the LVDC for instrument error terms and
absolute tolerances are established for the life of the
instrurnents.
The gas bearing gyro is shown in a cutaway
view of Figure 14.8-1. The cylindrical, externallypressurized gas bearing suspends the cylinder between the sleeve and endplates, as shown in Figure
14.8-2, and provides both a:rial and radial centering.
The endplates are bolted to the sleeve and their
assembly forms the case of the gyro.

Dry GN2 is passed through two rows of 24
holes with millipore discs in the sleeve to act as flow
diJfueers and provide the bearing etiJfness. The gas
in the cylinder chamber generates the hydrostatic
bearing andllows symmetrically to both endplates,
escaping around the hub at each end of the cylinder.
The sleeve, endplates, and cylinder are constructed
of beryllium with machined tolerances of 5 x 10-4
millimeters (20 microinches) in routdness and in
squareness.

The gyro wheel shown in Figure t4.8-Z mounts
in a yoke of the cylinder endcap. The neck section
of the yoke is controlled to minimize t}re anisoelastic
drift of the wheel assembly. The endcap i.s mounted
in the cylinder forming the gyro cylinder assembly.
The cylinder is helium filled to reduce windage losses.
The wheel is a two-pole, synchronous hysteresis
motor. Precision bearings are fabricated to ttte beryl-

lium shaft witi the motor laminations and windinge to
form the stator of the wheel. The rotor is made up
of an elkonite ring with P-6 hysteresis Laminations
shrink-fitted into the elkonite ring and beryllium endbeils which are bolted to each side.
The signal generator and torque generator,
shown in Figure t4,8-2, are coupled to the cylinder
by means of a copper-shorted loop which is mounted

cylinder. The signal generator is an ac-type,
shorted-loop, single-winding sensor for the angular
displacement of the gyro about its output axis. The
torque generator operates like an eddy current motor.
It provides only alignment torques for initial ereetion.
The 3-phase, 400-hertz wheel power is transmitted by
ribbon flex leads to standoffs on the gyro cylinder. A
magnetic shield is placed between the gyro case and
ttte signal generator. Dust covers, which are also
magnetic shields, complete tIe assembly.
on the

The electrical schematic for the AB5-K8
stabilizing gyro is shown in Figure 14. 8-3. The
coordinate definition for a single gyro is a"Lso shov,rn.
The wheel phase rotation A-B-C, American Standard,
with the gyro connected to the 26-volt, 400-hertzsupply,
causes the gyro wheel to rotate in a negative direction
about the gyro spin reference (XCU) vector. *

Table 14.8-1 lists the gyro characteristics.
* The XYZ coordinatee uaed in this book have been
changed to reflect the Project Apollo Coordinate
System Standards (SE 008-001-i). This coordinate scheme becomes effective for vehicles 204
and 502 (and subsequent). For further details
refer to Section I. Z-

a
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Table 14.8-1 Gyro Characteristics
Gyro Wheel

.

Type.
trtomentum
Wheel speed.
Wheel excitation
Wheel bearing preload
Wheel power at sync
Wheel life . .
Wheelmount
Wheel sync time

SvnchronoushYsteresis

2.0 x 106 g/cmZ/s

Angular

..
..|..

24r 000 rPm

26

V,

3-ptrase, 400 Hz

3.4 kg (7.5 pounds) operating

..

10 W

3000

..

hours, minimum

SYmmetrical
90 seconds

Gas Bearing
Gas pressure
Gas flow

...

rate .

,Gas gap (one

10.3 N/cm2d (15 psid)

.

2000 ccrlmin STp
(122 inl/min)

side)

. . . . 0.015 to 0.02 cm
(0. 006 to 0.008 in.

Orificerestrictors
Sleeve material.
Endplatematerial
Cylindermaterial

)

... Milliporediscs
Anodized beryllium

....
....

Anodizedberyllium
Anodizedberyllium

Signal Generator

Type.
Excitation
Sensitivity
Floatfreedom...

..

Short turn reluctance
10

V,

4. 8 kHz

....4?0mY/'withl0kload
13o+oo

-0.

5

0

Torquer (for platfornr erection and earth rate bias only)

. . Shorted turn reluctance

Type.
''
Fixed coil excitation

6'/min

Normal erection rate
Maxinrum variable

coil excitation. .

.

..

26

V, 400 Hz, 45 mA

....

30

V,

400

Hz,

50 mA

Impedance

resistance
Fixed coil impedance

184 O

.
Variable coil impedance. . .

190()

Fixed coil

Variable coil resistance. .

t4.8-2

1+31"

(400 Hz)

Q / +53'

(400 Hz)

555Q

330

Astrionics SYstem
Section 14.8

taUfe l+. A-1 Gyro Characteristics (Cont'd)
Physical Characteristics
Size

Diameter
Length.
Weight
Mounting

?.6 cnr (3 inches)
10.2 cnr. (4 inches)

.

900 grams (2 pounds)

3-point flange mounting

Temperature Characteristics

temperature
Drift versus temperature gradient

42.5"C (108.

Calibration

5

"F) (gyro housing)

. . . 0.009',/hrl'C

I

I
I

I
t

t

tc/t
+

,|

Figure

1,1.

8-1.

l.
2.
3.
4,
5.
6.
7,
8.

Torque Generotor
Gos Possoge
Gos Filter

9.

10.
I

l.

Fee&r

Ports

Spin Reference Axis

Gimbol Angle

Gos lnlet
Gyro Rotor

12.

Spin Axis (SA)
Gimbol

Output Axis (OA)

14.
15.

lnput Axir (lA)
Signol Genemtor

Gos Exhoust Port
Supporting Gos Film

I3.

Cutaway View of a Single Axis-Integrating Gyro
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stcTIoN 14.9
PTilDULOUS GYRO ACCII,EROtIITTR
The AB3-K8 i.nstrument is a pendulous gyro
accelerometer; a cutaway view and a schematic are
shownin Figure 14.9-1 and Figure L4.9-2, respectively.

velocity. An optical incremental encoder is mounted
on the input axis and provides a measure oi the thrust

velocity. The power source ior the synchronous spin
motor is referenced from a crystal-controlled frequency, guaranteeing a constant accelerometer scale

The accelerometer is a single degree-offreedom gyro unbalanced about its output axis. The
gyro motor and flywheel of the gyro aceelerometer
are shifted along the spin reference axis to obtain
desired pendulosity about the gyro output a.:iis. The
pendulous cylinder is maehined with a pair of pivots
mounted into a frame with a set of Class-7 bearings.
Thus, the cylinder is free to rotate about the gyro
input axis, which is aligned in the accelerationmeasuring direction. A torque is produced by the
unbalance or pendulosity which is proportional to
the acceleration to which the pendulous mass is
subjected. A signal generator measures the precession angle of the gyro and a servo closes the loop to
a direct-axis torquer which is mounted on the gyr<l
i.nput axis. Thus, the gyro measuring head is stabilized and the pendulous weight is held perpendicular to
the input axis. The speed of the measuring head or
gyro, with respect to inertial space, is proportional
to thrust acceleration along the input axis, and the
position of the measuriag head is a measure of thrust

Table

14.

factor, or velocity increment/revoLution, about the
input axis.
The symnietrical gyro wheel is mounted in a
cylinder that is suspended on a hydrostatic gas bearing.
The gyro i.s constructed the same as the AB5-K8
gyro except there are two rows of 18 holes for feed*
lng gas into the bearing. AII nonmagnetic parts are
machined from beryllium material except the endplates.
which are fabricated of Monel to reduce the servoloop
nutation frequency.
The electrical schematic for the AB3-K8 acceleronreter is shown in Figure 14.9-3. The wheel
phase rotation A-B-C, American Standard, with the
gyro connected to a 26-volt, 400-hertz, 3-phase power
supply, causes the wheel to rotate in a positive direc_
tion about the spin relerence axis vector.

Table 14.9-1 lists the accelerometer characteristics.

9-1 Accelerometer Characteristics

Gyro Wheel
Type.

Synchronous hysteresis
94, 000 g/ crn? f s
(1290 lbf/in.2/s)

Angular momentum
Wheel

speed.

....

.1.

.

nd

12,000 rpm

V, 3-phase,

Wheel excitation

26

Wheel sync time
Wheel power at sync

90s
4.0 w
3000 hours, minlmum

Wheel

life . .

400 Hz

Wheel mount

Symnretrical

Wheel bearing preload

903 grams (1.99 pounds)

operating

14. 9-
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Table 14.

9-1 Accelerometer Characteristics

(Cont'd)

Gas Bearing
Gas pressure

....

Gas flow rate

.

Gas

10.3 N/cm2d (15 psid)

.

- 1?00 cclmin STP
( - 100 rn.3/min)

gap

0.015 to 0.02 cm
(0.006 to 0.008 in.

restrictors
Sleeve material
Endplatematerial
Cylindermaterial

)

Millipore discs

Orifice

Anodized beryllium

....
....

Monel

Anodizedberyllium

Signhl Generator

. . 4-pole shorted turn reluctance

Type.
Excitation
Sensitivity

10

V, 4.8 kHz

280

Floatfreedom...

mV/'with

?00 O loa.d

,u'13.u.

Torque Motor

. . Direct-axis dc torquer

Type.
torque
DC resistance . .
Inductance

1.44 kgcmat 1. 1,A, and 44V

Maximum

32.6 ohms
12. 5

millihenries

Velocity Piekoff

. . Digital encoder (optical grid)

Type.
Count.
Resolution
Output

...6000count,/revolution

.....

.,cm/s/bit(1.96in./s/uit)
....Incrementalwithredundant
channels

Physical Characteristics
Size

Diameter
Length
Weight
Mounting

14.9 -2

,....

-.'A.gcm(3.25inches)
. . , 12.8 cm (5 inches)

..

1200

g (2. 64 pounds)

3-point flange mounting
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Table 14.

9-1 Accelerometer Characteristics

(Cont'd)

Performance

Accelerometerscalefactor .. ;. .

.. .

Pendulosity

...2Oglcm

300 m.i's.'revolutionof outputaxis
(985 le et / s / revolution)

Temperature Characteristics
ca-libration

temperature

42.5'C ambient (108.
(on housing gyro)

Ambient temperature range for

required

accuracies

43

"C r 3'C

(109

V,

l.
2.
3,
4.
5.
6.
7.

5'F)

"F -i 5.4'F)

L,
'tut\,

Gos lnlet
Encoder Discs
Encoder Electronics
Supporting Gos Film
Servo Pickoff

8. Gyro lnput Axis
9. Accelerometer Meosuring Direction
I0. Slip Ring Copsule
I l. Feeder Ports
12. Spin Reference Axis

Gyro Outpuf ,Axis

13. Gyro

Rotor

Torquer
IBti 8172

Figure 14.9-1. Cutaway View ol a Perrdulous Integrating Gyro Accelerometer
14.9-3
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Weight

Gyro Accelerometer Diagram
Figure 14.g-2, Pendulous Integrating
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stcTloit t4.t0
POWTR A}ID GAS RTSUIRTTIITNTS
The input power requirements and the expected

will also

iI inflight environment dictates
for heating.

be available

heat dissipation of the Platform system assemblies are
shown in Figure 14. 10-1. The input power figure

the necessity

shows the normal (quiescent) requirements and the

Inflight Platform temperature is controlled by
circulating a constant-temperature fluid through ducts
in the platlorm covers. The exterior of the platform
is painted with aluminum to provide an emissivity of
approximately 0.4, thus providing a near-constant
temperature radiating surface. Blowers will be util_
ized to circulate the internal GN2 and maintain nor_
mal temperatu.re gradients across the gimbals.

peak (maximum disturbing forces and g loading) re-

quirements.

lnput

Power

I

82 wotis

5T-1
Pl

28 Vdc
20 wotls
56 Vdc
50 woits

56 Vdc
7 wotts

24-M

otform

Pl otform
Elecfronics

Dissipoibd Heot

70 wotts

--+

The GN2 is supplied lrom a 0. 0b6-cubic_meter
(2-cubic-foot) storage reservoir, pressurized to
20.7 x 1O_6 N762 (3000 psi), and regulated to 10.3 x
104 N,/m2d (15 psid). Temperature conditioning of
the GN2 is performed by the IU methanol-water envi_
ronmenta-l control system. The platform requires
1.4 x 10-r cubic meters per minute (0. b cubic foot
per minute) of GN2.
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Figure 14.10-1 System Power Requirements and
Heat Dissipation

The Platform has 250 watts oI resistive heating
with the application of 115 volts, 60 hertz, or 400
hertz. The resistive heaters are used to assist the
Piatform to reach its optimum operating temperature.
Thermostats, located inside the Platform, control the
heaters and turn thenr ofl at a prescribed temperature.
The Platform component heat di.ssipation then raises
the Platform to operating temperature. The heaters

regulation
Ripple content
Normal current
Peak current
voltage

+ 2' o vde

0. 5 V
9A
11 A

56 Vdc

regulation
Ripple content
Normal current
Peak current
Voltage

*

2.5

V

0.25 V
1.0 A

6.0 A
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The combination of the LVDA and the LVDC
forms an electronic eomputer system. The LVDA is
the input,/output device of the LVDC. Any signal to
or lrom the LVDC is routed through the LVDA. In
addition, the LVDA serves as central equipment for
interconnection and signal flow between the various
systems in the Instrument Unit. The LVDA converts
signals from digital to analog form and vice versa.
The separation into LVDA and LVDC offers several
advantages; the 2 assemblies, each having approximately half the size and weight of a combined unit, can
be mounted more conveniently in the vehicle' Also,
flexibility is gained since functional or operational
changes in the Saturn Astrionics System will essentially affect the LVDA only and can be implemented
without changing the LVDC.

The LVDA and the LVDC are involved in the
following main operations:
Prelaunch checkout
Navigation and guidance computations
Vehicle sequencing

Orbital checkout
The interconnections between LVDA, LVDC,
Astrionics equipment are indieated in

and other

Figure 15.1-i.
The LVDC contains the logic circuits, the
memory and the timing system required to perform
arithnretic operations. The LVDA houses circuitry
for tenrporary storage and conversion of data for
cornrnunication with the LVDC and the power supplies
ior the LVDA and the LVDC.
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utilized. These find greatest application in the
LVDA, hlt are also used in the LVDC as melnory
drivers. The circult modules are mounted on the

Microminiature packaging techniques are
used as much as feasible in the LVDA and LVDC.
Semiconductor chips are mounted on square ceramic
wafers (side length 7. 5 mm, : 0. 3 in. ) on which interconnecting wiring and film resistore have been de-

interconnection boards previously mentioned. In
volume, one circuit module page is equivalent to
three unit logic device pages.

posited by silk-screen printing and firing (Figure
15.2-1 .. The devices, called unit logic devices, are
attached to multilayer interconnection boards using
solder reflow techniques by infrared heating. Each
multilayer interconnection board has a capacity of 35
unit logic devices. T\uo multilayer interconnection
boards are bonded back-to-back to a supporting gnetal
frame to form a logic page assembly (Figure 15.2-2).
Multilayer interconnection boards and pages are joined
by connectors to a central multilayer printed circuit

devices. The coolant is provided by the IU environ-

board.

mental control system.

For applications requlring extreme accuracy
or large drive current capability, eircuit modules
composed of conventional discrete components are

An exploded view of the LVDA is shown tn
Figure 15.2-3. Figure 15,2-4 shows an exploded
view of the LVDC.

The magnesium-lithium

f

rames of the LVDC

and the LVDA are cooled by circulating a liquid coolant throqgh channels in the frame to remove heat

generated by the electronic components. This cooling
provides a low operating temperature for the electronic
components and results in a high reliability for the
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Reliability of the LVDC is predicatttl on the
use o{ tt'iplt' rrt,r<lular redundall{''\' lli lht' r:t'ntral computer. Tht I VI(' .- rt.'..rlr.'tl rtrto 7 modulsc lftr'f1't
trr Tablt' ll, .i-l) which are lrii']" 'ttr'rl i d'r'irrr''ills
and srtuulation lxtsed '.; \l r'11 i'll!." !r'r ill,rtlut s
indir:atr' .1 r'' ; .1r..::. ,)i 1,.99t; l()r 25U huurs (0' 999966
!Dr a tj I i,\rr ilil>Fi.)li) t('r the conlputer logic and
iti(,rrlr,r ! usln*, t ril.rit' tttr-rdular redundant and duplex
techniques, respr'ctiv('l\'. This is compatible with
the rninimurn design objective of a reliability of 0. 98
lor a 250-hour nrission for the combination of the
LVDC and LVDA. For comparison, the equivalent
simplex logic has a reliability figure of 0.955 for
250 hours. Theoretically, the reliability of a duplex
module exceeds that of triple redurldant modules by a

,

- R-=.
3Rz - zRJ'

factor

2ry

but the difference

is of a second

order effect lor valtres of R close to "one" and therelore negliglble. Duplex redundancy, however, has
limited application because of the problem of determining which one of the two units failed.

VOtpfr.-

ri''.-'\i..r.i

[i)r 'Jr,Iil\

']i

lliil\r:r',

r , r', url 1t,,r-s, even ll otrt. of the th. t't' inputs lr
,:! ,r'r'('( t. thr ()utput to tie next nro<lule r tll be
.,

c

(]r I'ec t.

An average of 13 output signals from each
module are voted on. The voter circuit outputs may
go to any of the other subdivided modules of the
LVDC. This allows correct computations to be obtained, even with several malfunctions in the LVDC,
provided two identical modules of a triple redundant
set are not in error.

This method provides greater reliability than
using three independent computers. If the outputs
from three independent computers were compared,
any malfunction in two oI the computers would cause
the computation to be in error.

The triple nrodular redundant logic system of
the LVDC uses three identical simplex logic channels
(Figure 15. 3-1) and subdivides eachchannel intoseven
functional modules. The outputs from corresponding
modules are voted upon in voter circuits before the
signal is sent to the next nrodules. Figure 15.3-2
shows typical modules and voters, The output of the
Table 15.3-1 TMR Computer Module Breakdown

Memory
Modules

Cqn

Module
Number

Module Nanre or Description

Be

Swirched
To Simplex,

Duplex,
1

2
3

4
5

6
1

Computer Timing
Transfer Register
Arithmetic Unit
Multiply and Divide
Operation Code
Memory Address Register and Decoder
Memory Timing and Parity Check

Or

Any
Combinotion

Figure 15. 3-1 Computer Redundancy Configuration
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Disagreement detectors are uged on module
outputs as shown in Flgrrre 15.3-2 to lndicate e fail're ln tlre system. Appro:rimately 13 disagreement
..--retectors are logically combined and fed to a register
in the LVDA. These signals are then fed to the telemetry hrfler regl8ter for monitoring elther before
launch

or in flight.

The memory syatem hae two individual
memortes whlch can be used in parallel (dupiex) for
lncreased reliability or completely independent (slm-

c, - ,'h

Chonncl

uj - itt

Modulc

V - Votcr
DD

-

Dirogrccmcnt Dctcctor

Figure 15.3-Z Triple Modular Redundancy ( TMR )
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pler) for tncrcrod crpcfty. h ttc &plox nodc,
idormetlon 1r rted qrt d both ocmorlce from corrccpoodrg coree end by meau of a relcctlon nstrorlq
Juat onc Eemory cilS$ rlU be u.cA If the aclectcd
monory rhflld c@taln lD ersor (Frlty or 6mtrg),
the lnformaEon lrom the o,Orer reEory rorld be used
wlth the correct lnformetlon belng reedbck lnto both
memorleg. Thns, the computer cen correct Ecnory
error8.
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The Launch Vehicle Digital Computer is a
general purpose computer which, under control of a
stored program, processes data using fixed-point,

two's complement arltlmetic. Data is processed
serially in two arithmetic sections which can, if
desired, operate concurrently. Addition, subtractlon, and lqical extr4ctions are performed in one
arithmetic section white multiplication and division
are performed in the other.

The principa-l storage device is a random
accesg, ferrite-core memory with separate controls
for data and instruction addressing. The memory
can be operated in either a sinrplex or duplex mode.
In duplex operation, memory modules are operated
in pairs with the same data being stored in each
module. Readout errors in one module are corrected
by using data from its mate to restore the de{ective

location. In simplex operation, each mcldule contains dilferent data which doubles the capacity of the
memory. However, simplex operation decreases tlte
reliability of the LVDC since the ability to correct
readout error6 is sacrificed. The memory operating
mode is program controlled. Temporary storage is
provided by static registers composed of latches and
byshiftregisters composed of delay lines and latches.
LVDC ELEMENTS
The LVDC is composed of the following eight
functional elements:

Timing
Memory
Memory Control
Data Control

Program Control
Arithmetic
Multiply-Divide
Voting

Figure 15.4-1 is a block diagranr of the L\fDC
ehowing the rnalor partr r)f each functlonal element
(except the voting element) and how they ere lnterconnected. The heavy Iines on t}te diagram shorr
maJor paths of information flow.
Timlng Element. The timing element develops 3
Ievels of standard timlng signals which synchronlze
and control logic operations in the remaining 7 elements. Direct outputs of the timing element are
used in every functional element, except the memory
element which generates its own timing signals.
Memory Element. The memory element and the
l^.emory control element operate together to store
the programmed lnstructions and the constanta and
data required by the program. The memory element
is composed of up to eight memory module assemblies, each of which contains a ferrite-core array
and all the circuits necessary to transfer data to and
from the module. The memory control element
determines when a transfer will occur and selects
both the direction of transfer and the memory location to be exercised. Buffer storage for data enroute
between the memory and the central computer is also
located in tle memory control element.
In addition to controlling data transfers, the
memory control element determines ttre mode (simplex or duplex) in which the memory will operate. [n
duplex operation, the memory modules are divided
into 2 groups, effectively forming two separate memories with identical contents. The even numbered
modules make up the "A" memory and the odd numbered modules make up the "8" memory. Each module in the "A" memory is paired with a module in the
"8" nremory which contains the same information.
The memory control element selects both modules of
a pair and provides separate hrffer storage for each

15. 4- 1
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'I'lie 2 trrt'nrorie6 dr(' olx'ratt'd slorultaeously, lrut tho LVDC uses inforrlglign {lorn onlt
''--r rrlemorY. Tlte llremory select and error monitor
circuit cietermines which lllenlory will be used and
changes the selection when an error is detected in
the active melnory. The menrory select and error
nlonitor circuit continuously samgles the drive currents in each menrory and checks the parity of each
word translerred out of both menlories. [n sirnplex
operation, each module contains different lnformation, and only one module is selected at a time. The
memory select and error monttor circuit t}len makes
ttre mernory selection follow the selected module so
that the "B" memory is active when an odd numbered
module is selected and the "A" nremory is active
when an even ntrtnbered module is selected. The
ability to correct errors is sacrificed in simplex
n)r rl],)l

Data and constants are stored ln the memory
in 2 segments called syllables. Thus, the memory

deseribed as being divided into syllables. One
syllable of data is transferred toorlrom tle memory
at a time; consequently, two memory cycles are
necessary to transfer a complete data word. Instructions are only half the length of data words and are
stored one per syllable. The syllable selection for
^nstructions is stored in the syllable select circuit of
tie memory control element. Timing signals determine whettrer the stored selection will be used or the
selection will tre sequenced to read both syllables of
a data word.

is

When a memory operation

is r'equired,

the

lleniory control t'lement provides a sync impulse to
the nrenory element. Mernory mode and module
select circuits direct the impulse to two mem'ory
modules for duplex operation or one module for simplex. Once impulsed, each memory module generates all the timing signals and drlve currents required
to complete its cycle.
The memory clock drivers produce either
read or store tlmlng pulses, depending on a control
signal from the memory timing and sync select circuits. The memory address decoders reduce the
address of the desired memory locatlon to selection
signals for the X and Y memory address drivers of
thit locatlon'ln each syllable ol the memory.

ttre syttablJ select circuit determines which
syLlable will trc used. Syllable and address Eelection
signals are applied to all the modules in the mellrory.
1_ Horvever, only the module (or modules for duplex)
which receives a sync impulse will generate the

15.4-2

parallel between the memory hrffer registers A
and B and the selected memory location. All data
entering or leaving the memory pa'sses through the
rnemory truJfer registers enroute to or from the data
control element.

1n

Data Control Element. Data words and constants

enter the transfer register from the memory in 2
syllables. Each syllable enters the transler regis-

ler in parallel and is then serialized and distributed
to the arithmetic element, the multiply-divide element, or the L\rDA. Some special constants are
also distributed to the program control and memory
control elements in serial form.

for the memory
form. The transin
serial
register
enter tJre transfer
and forinto
syllables
them
divides
fer register then
btrffer
registers
memory
to
the
wards each syllable
in parallel. At the memory buffer registers, a parity
bit is added to each syllable before it is stored in t}re
memory. The parity counter monitors the number of
"1's" entering the transfer register and assigns odd
parity to the memory buffer registers by controlling
the parity bit. Odd parity means that the total number
of rtltsrt in a syllable is odd.
Data words which are bound

operations.

,

rrrr,rtrur') clocks which cause the nrodule to cycle.
When ttre men)ory clocks occur, data is transferred

Another item which enters the transfer
register serially is the contents of the instruction
counter. The instruction counter controls the normal
sequencing of ttre program through the memory. Just
before a new instruction is required, the contents of
the instruction counter are shifted into the transfer
regilter and transferled in parallel to the address
register in ttle program control element. The address regi.ster then selects the nremory location of
the new instruction.
When the new instruction is read, it is transIerred fronr the memory hrlfer registers into the
transfer register. The instruction is then separated
into an operati.on code and an operand address; the
2 parts are transferred in parallel to the program
control element. The operation code is loaded into
the operation code register and the operand address
into the address register. The operand address of
some instructions constitutes a special constant
which, in addition to the pa.rallel transfer, is shiJted
out of the transfer register in serial form.

Program Control Element. The program control
element stores and decodes Oe prqgrammed instructions and in addition, controls sequencing the

Astrionics System
Section 15.4

program ttlrrrugh tlte tttt't:rory. The operation code
register znd tie address register store their respective parts of the instructions. Outputs of the operaHon code register, and ttrose of the operation
decoders, control the arithmetic and multiply-divide
elements, the data and memory control elements,
and parts of the program control element to perform
the commanded operations.
The address regisier selects the memory
location of the data to be used in the commanded
operatlon. When the olxration is complete, the address register is reloaded with the contents oI the
instruction counter to address the next instnrction.
The address register is augmented by the data module

register and the instructlon module register (located
in the memory control element) and by the data sector
register and the instruction sector register in the
program control element.
The module and sector registers preselect an
area of the memory withln which the program must
operate. Ae implied by the names of the registers,
2 selections are made, one for data and one for instmctions (the same area may be selected for both).
The address register ttren selects individual
locations within t}te preselected areas from which
data and instructions will be read, Timing signals
discriminate between instruction and data addressing..
The contents of the module and sector registerB are
changed upon commrlnd of the program.

It was noted previously that the program
control element controls sequencing ttte program
through the memory. Actuall$, the program controls
its own sequencing through the use of instructions
which commaad the program control element to
change the contents of the module and sector registers (discussed in the preceding paragraph) and the
instruction counter.
The instruction counter stores ttre address of

the next instruction to be operated. Each time tIe
LVDC performs an instruction, the instruction address
is incremented by one to develop the address of the

which reloads the instruction counter to select the
starting location of the next instruction sequence.
The instruction counter tlen begins stepping sequentially through the newly selected memory area beginning at the specified starting point.
The instruction counter can also be reloaded
without alfecting the module and sector registers.
This feature permits repeating short program loops
and enables the LVDC to make logical choices. When
commanded, the LVDC can examine the contents of
the accumulator register for certain conditions and
alter the program sequence if the condition exists. If
the condition is not met, sequential stepping continues.
The program control element also contains two
other circuits which can alter the normal'program
sequencing, the start-stop control and the lnterrupt
control eircuits. The start-stop control circuit provides the mean6 to externally control starting and
stopping the LVDC and to single-step through its program one instruction at a time. Application oI a
HALTV signal results in clearing certain registers
to an initial condltion and directs the LVDC to the first
instruction of its program. During power application,
the HALTV signal remains ON until power is fully
applied to prevent spurious instructions from being
operated. A CSTN signal is manipulated by the test
equipment to step through the program one instruction
at a time, on command.
The interrupt control circuit enables external
equipment to break off normal sequencing of the program and direct it to process data of a higher priority.
The interrupt control circuit allows the instruction in
progress at tie moment of the interruption to finish,
then forces execution of a command to reload the instruction counter and the module and sector registers.
The first few instructions of the new program
sequence store the contents of the important registers
in order to preserve the conditions existing in the
LVDC at the moment oI interruption. Once the priority data has been processed, the LVDC can restore

following instruction. In this manner' the program
steps sequentially through the area of memory selected
by the instruction module register and the instruction
sector register.

these conditions and resume operation where it leit
off. The very first item to be stored must be a HOP
constant defining the location at which the interrupt
occurred. This constant is produced by the HOP constant serializer and is used to redirect the program
to the point of interruption.

The sequential stepping continues until the
program issues an instruction to alter the,sequence
or select a different area of the memory to read
instnrctons from. Area selection is changed by
shifting a "HOP constant" out of t}te transfer register

Arittrmetic and Multiply-Divide Elements. The
aiit}metic and multiply-divide elements encompass
the machine's total computing ability. The arithmetic element performs addition, subtraction, shifts,
and logical extractions. The multiply-divide element
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farlurt, occurred durtng the read operation, the
menlory select and error nrouitor circuit provides an
error indication to the LVDA. Upon sensing an error,
the memory select and error monitor circuit also
places both sets of inhibit drivers under contrrol of
the memory bruller register containing correct inlorration, and if the error is in the selected memory,
changes tlre memory selection. The instruction is
then translerred from the selected memory buffer
register to the transfer register.
Reading a ferrite-core memory destroys t}te
information in the mernory. Consequently, a read
operation must always be follorred by a store (or
restore) operation to preserve the contents of the
memory. The restore operation is accomplished
after the instruction has been traneferred to the
transfer register. The memory timing and sync
select circuit changes the conditioning level to the
memory clock drivers so that they produce store
timing pulses, then delivers a second sync impulse
to t}te memory mode and module select circuit. There
have been no changes in address or memory ntodule
selection, therefore the same memor'. ltration is
exercieed again. However, on this lr)tntory cycle,
dlta is transferred from the niernory huJfer registers
to the memory through the tnhtbit drivers.

Alnrost immediately upon entcring the transfer
regrster, the instruction is separated into an opertion code and an operand address. The operation
code defines what operation will be performed, and
the operand address gives the location in memory of
the d.ata to be used in the operation. The operation
cnde is transferred in parallel to the operation code
register and the operand address to the address
register. The remainder of the operation is dependent upon the code transferred to the operation code
register. The code can specily any of three general
types of operations: (1) those which require data lrom
memory, (2) those which place data into the nremory,
and (3) those which do not use the memory.
Assume first that the operation code requires
data to be read from the memory. The syllable select
circuit selects syllable zero, the first syllable of the
data word. The memory tinring and sync select cir*
cuit conditions the memory address decoders to
combine and decode.,the contents of the address register and the data sector register; it then initiates a
read cycle ln the inemory which transfers the first
half of the data word to the memory bufler registers.
While in the memory buffer registers, the half-data
word i5 parity checked, thtptransferred to the transfer register and restored in the memory. The trans-

4

fer register serializes the data by ehifting it to the
TR.S output latch. The TR.S output makes the data
available to the arithmetic and multiply-dlvide elements, the program and memory control elements,
and the LVDA. Outputs from the operation code
register and the operation decoders determine which
element

will accept it

and how

it will

be used.

first half of t}te data word nears the
transfer register, the syllable select circuit selects syllable 1 and the memory timing and
sync select circuit initiates anotler read cycle in
the memory. This read cycle transfers the second
half of the data word into the memory bufler registers where it is parity checked" Then, just in time
to fall in behind the last bit oI the first hall of the
data word, the second half of the data word is transferred into the transfer register. The transfer
register continues shilting and the two halves of the
data word appear as a continuous serial output on
As the

end of the

the TRS line.

To rtrtain the result of a multiply or divide
operirrron, the operand address specifies the productquotient register. When the product-quotient register
is addressed, the memory is inhibited and the product
or quotrt:nt is shifted directly into the accumulator
register without passing through the transfer register.
When providing a data output, the transfer
regi.ster is synchronized with the accumulator register. Thus, the output of the transler register and the
contents of the accumulator register can be combined
bit-for-bit in the add-subtract logic. The results of
these operations are placed irl the accumulator register for recirculation. As the Iast bit of the accumulator contents emerges from the accumulator register,
timing signals end the arithmetic processes in the addsubtract logic and the contents of the instruction counter
begin to emerge from the accumulator register. The
add-subtract logic increments the instruction count by
one and reinserts it in the accumulator register inrmediately behind the result of the arithmetic operation.
Simultaneously, the instruction count is shifted into the
transfer register to address the next instruction.
When the operation code specifies that data is

to be transferred into the memory, the basic operations are reversed. Instead of transferring 2 syllables of data to the transfer register which serializes
them into a continuous unit, a continuous unit of
serial data is shifted into the transfer register which
dividris it into syltabtes. The syllables are then transferred to the memory in parallel. Shortly after the
instruc.tion is loaded into the operation code and ad-
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\erforms the iteratrve pru'esscs of nrultiplication

.-l.nd drvtgirln. Tht 2 elernents ar'{ intlr.1i1,v1d1.11(
can, if desired, be operated concurreutly.

and

Once a multiply or divide operation has been
started, it runs automatically to conrpletion and the
next few instructions of the program are operated
during its progress. During this time the arithmetic
element is available for concurrent use. There is,
however, a program option for multiplication which
stops the program until the product of the multiplication is available. When using this option the product is placed in both the product-quotient register
and in the accumulator register.

The accumulator register in the arithmetic
element provides one of t}te operands for all the
arithmetic instructions and the memory provides the
other. For multiplication and division, the accumulator contents and the operand from memory are
simply transferred into shift registers in the multiplydivide element for temporary storage during the
iterative process. The remaining arithntetic operatlons combine the 2 operands in the add-subtract
Iogic and place the result in the accumulator register.

the result can t}ten be sensed to control logical de.sions or it can be transferred to the memory, the
-multiply-divide element, or the LVDA. The result

remains unchanged in the accumulator register after
sensing or transfer.
The multiply-divide logic senses the operands
and forms a partiai pr,,duct or quotient.
The final result is circulated rrr the pr(,duct-quotient
register until another multiply or divide operation is
initiated, or until the LVDC is commanded to store ,
each

iteration

data in the product-quotient register. Unlike the

accumulator register which provides data to several
destinations, the product-quotient register has only
one outlet for its contents. AII data leaving tie

product-quotient register must pass through the
register. The product-quotient register
contents are accessible to all arithmetic instructions
except multiply and divide.
accumulator

Voting Element. The voting element comprises the
voters and disagreement detectors located between
modules of the LVDC and between the central computer and the memory. The voters resolve differences between ttre outputs of triple redundant circuits
before the outputs are passed on to succeeding cirrits, Thus the LVDC can sustain multiple failures
.-,trt not identical failures occurring simultaneously)
and stiU function reliably. The disagreement detectors monitor inputs to the voters and provide outputs

t5.4-4

which indicate when a failure has occurred. Since

failures are self-correcting, there are no failure
indications lor non-catastrophic malfunctions in the
computer logic except those from the disagreement
detectors. The voting element is not shown in
Figure 15.4-1 because it is widely disseminated
tlrough and between the functional elernents.
TYPICAL OPERATION
Assume that the LVDC program has been
initiated and is running smoothly. The area of the
memory in which the program will operate has been
selected and instructions are coming from syllable
zero. The memory is operating in the duplex mode
with memory "A" selected. For descriptive purposes, typical operation begins with reading an instruction from tle memory. The address of the
instruction is shiJted out of the instruction counter
and applied to the transfer register and t}re addsubtract logic in the arithmetic element. The addsubtract logic increments the count by one and
reinserts it into the accumulator register where it
is circulated. The instruction address is shifted
into the transfer register and then transferred in
parallel to the address register. The next events
occur in the memory control element.

Timing inputs indicate to the syllable select

circuit

and the rnemory timing and sync select circuit
that an instruction is due to be read. The syllable

select circuit selects syllable zero (the stored syllable
selection for instructions) in all memory modules.
The memory timing and sync select circuit performs
3 functions 3t this time. It conditions the memory
address deioders to decode the contents of the instruction sector register rather than the data sector register; it conditions the memory clock drivers of all
memory modules to produce read pulses; and it delivers a sync impulse to the memory mode and module
select circuit. The memory mode and module select
circuit routes the sync impulse to the memory clock
drivers of the two (duptex operation) memory modules
selected by the instruction modr-rle register.
Upon being impulsed, the memory clock
drivers produce read timing pulses which enable the
selected X and Y drivers to transfer ttre instruction
out of the addressed memory location. The memory
sense amplifiers transmit the instruction to the
memory blfler registers. The memory buffer registers store the instruction lor parity checking and to
enable the inhibit drivers during the restore memory
cycle (explained later). II the parity of either memory
tuffer register is incorrect or if a drive current
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'.-'--.ress registers the data word to be stored begins to
emerge from the accumulator registcr. Outputs from
ttre operation code register and the operation decoders
condition the transfer register to shift in step with the

accumulator register and accept its output. As the
data word enters the first position of the transfer
register, the parity counter monitors the number of
r'lrstr it contains. At this point, the focus moves to
the memory control element.

Timing signals indicate to ttre memory control
element that a data word is due to be transferred to or
from tlle memory. The operation code specifies that
data is going to the memory by causing the memory
timing and sync select circuit to switch the read/store
signal to store. The syllable select circuit selects
syllable zero as the first syllable to be transferred.
The memory ttming and sync select circuit conditions
the memory address decoders to enable the X and Y
drivers of tlre memory location addressed by the
address register and the data sector register. Just
before the last bits of the syllable enter the transfer
register, the memory timing and sync select circuit
delivers a sync impulse to the memory mode and
module select circuit. The memory mode and module
:lect clrcuit routes the impulse to the memory clock
-drivers of the selected data modules. The memory
clock drivers produce read timing pulses, h'tt the
data transferred out of the memory is not sensed
because a store, not read, operation has been specified. Since leading the memory is a destructive
process, the addressed memory location is Ieft
cleared.
Simultaneous with clearing the memory Iocation,
the last bit of the syllable enters the transfer register

is transferred to the memory bulfer
registers. The transfer register continues shifting
and the second syllable of data starts to lile into the
transfer register. At the memory buffer registers,
a "parity bit" ie added to the svllable entering the
memory. The parity bit rs controlled by the parrtv
and the syllable

count circurt so that each mernory buffer register
contains an rdd nunrber oI "1's". (Bear in mind that
the paritv count circuit monitors the number of "l's"
in the syllable as lt enters the transfer register. )
The memory trndng and sync select circuit then impulses the memory again, and the first syllable of
data enters the memory through the inhibit drivers.
The second syllable of data enters the memory ln
l\e same manner as the first and like the first in,.- rdes its own parity bit.

It was noted previously that ilata could be
stored ln the product-quotient register. When this
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operation is specrfred, the nremory is inhibited and
the accunru.lator cdntents are shilted directly into the

product-quotient register as one intact unit.
Operations which do not use t}te memoryeither
shift the contents of the accumulator register or use
the operand address as a constant for controlling the
program. Shifting the contents of the accumulator
register is accomplished by shortening or lengthening
its circula$on loop. Before the first bits of the accumulator contents begin to emerge, outputs lrom the
operation code register and the operation decoders,
along with control bits from the address register,
alter the recirculation path of the accumulator register to effect the shift. When the last bit has been
shifted, timing signals restore the loop to normal to
prevent shifting the contents of the instruction counter.
The instruction counter is then incremented and
shifted into the transfer register to address the next
instruction.

Among t}te operations which do not use the
memory are those which make logical decisions based
on the contents of the accumulator register. As noted
previously, Iogical decisions are made by altering the
contents of the instruction counter if a specified condition exists in the accumulator register. If the condition exists, the operand address of the instruction
replaces the existing contents of the instruction
counter and the next instruction begins tJre new sequence. Logical decisions are implemented by continuously sampling t}te accumulator contents part way
through the register for the conditions upon which
decisions are based. Thus, when a logical decision
is initiated, most of the accumulator contents have
already been sampled and the computer need not wait
until the conrplete contents emerge from the register
to make the decision. The contents of the instruction
counter inrnrediately follow tIe accumulator contents
in the accumulator register. Consequently, when the
Iast data bit has been sensed and the decision made,
the contents of the instruction counter are still only
part\ay through the accumulator register. If thecondition is met, the accumulator register is broken just
behind the last bit of the accumulator contents and the
operand address is shifted into the accumulator register from the transfer register, replacing the existing

instruction count.

is not being used, the transfer register rs not needed to distribute data from it,
and thcrefore is not cleared after the instruction is
Sinc:e the memory

distributed to the program control element.
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multiplication and divlsion of two's complement num4 bits at a Ume and
division 2 bits at a time.

If the condltion is not rnet, the accumulator
regi8ter ia noi broken and t}e existing content8 of

bers. Multiplication is &ne

the instructlon counter are retained to addrese the
next instruction.

The L\rDC is interconnected with the LVDA
which contains input/output conversion electronics and
por,ver supplies for the LVDC. Salient characterlstics
of the triple modular redundant LVDC are summarized
in Table 15.4-1.

Data are processed by using two's complement

arlt}metic. Two'6 complement arithmetic eliminates
t}te necessity for a recomplementation cycle when
using sign plus magnitude arithmetic. Special algorithms have been developed and implemented for

Table 15.4-1 Launch Vehicie TMR Computer Characteristics

Characteristic

DescriPtlon

Tlpe

I
I

Clock

I
I

Speed
Add

time,

accuracy

accuracy
Mult-hold time, accuracy

Multiply time,
Divide time,

accuracy

Memory
Storage

Word

Capacity

Length

Z. oaA MHz

clock, 4 clocks per bit,

serial, fixed512

kilobits per

I

second

I

I

AaO-suUtract and multiply-divide simultaneously

I

aZ

|
|

s,
+tO ps,

24 bits

I
Il'

OS0 tr'r.s,

24 bits

II
I

I
I

Data

Storea program, general purpose,
uoi"t, binarY

;.,s, 26 bits

328 p

24

bits

nanaom access toroidal core
Up to a maximum of 32,768 twenty-etght-bit words
in eogo-word modules

Memory word 28 bits: 2 instructions may be stored
in one memory word

I

Z0 Uits Plus 2 ParitY

Instructlon

|

13

Input/Output

I

nxternat: computer-programmed L,/O eontrol:
externai ilterruPt Provided

Component

Count+

Reliability*
packaghg

weight*
votume*
power*

bits plus

1

bits

parity bit

I
and film resistors
I n0,800 silicon semiconductors
(cermet). Up to 91?,504 toroid cores
|
| O. SS0 probability of success for 250 hours using
I tItlIR. bgic and duPlex memory modules
l
I Structure constructed of magnesium-tithlumpages
I material, designed to house ?3 electronic
I and 8 memorY modules
I

I

I
|
{

,n o* (?5.0 lbs) (4 memory modules)
o.

or meters3

1SO.O

(2. 4 feet3)

watts (4 memory modules)

*Figures given here are estlmated values
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The computer word is also used to store the
instructions of t}re computer program. Instructions
are 13 bits in length with one instruction stored in
each syllable of tle computer word. An instruction
consists of a 4-bit operation code (OPl-OP4) and a
9-bit address (Ag, A1-A8). Figure L5. 4-2 shows
how the instructions are placed ln the computer words.

lesc ribed.

r5.{.2

W0RD oRGAilZATto}t

The LVDC us('s a 28-bit word consisting of
ru'r, l4-irit si'llables. Each syllable includes 13 date
Drts :ur<l I parrti brt. Eae h syllable is stored sepa-

15.r.3 IttilG

ratt.lv rn tht nremorr'. The parity bits are used only
check the accuracy of transfers to and frorn the
nrernory which leaves a data word 26 bits in length
(Figure L5.4-2).
tr,r

The basic unit of computer timing is called
cycle". The dtrration of an LVDC cycle
is approximately 82 microseconds; this is the time
required for ttte LVDC to read, decode and operate
its basic instructions. The signals which define a
computer cycle originate in the phase generator. A
computer cycle corresponds to a full cycle of the phase
generator which produces three equal-length timing
signals ca"Iled phase A, phase B, and phase C. Thus,
a computer cycle is defined by three "phase times".
ttre "computer

The use oI the data word is at the discreton of
the prograrnmer. Each of the 26 bi.ts may be used as
an indicator to show the presence or absence of some
condition, or the word may be used as a binary number for arithnretic computations. Binary numbers are
represented by a sign bit and 25 magnitude bits; negative numbers are shown in twors complement form.

'-

This text uses 2 methods for designating bit
positions in the data word. Where the word represents
a binary number, the bits are designated sign and I
through 25, proceeding toward the least significant
digit. When used in this context, bits 1 through 25 are
called "magnitude bits". The bits are designated I
through 26 when not referencing the data word as a
binary number; bit 1 corresponds to sign and bit 26
corresponds to t"rit 25 of the numeric designations.

Bir
Position

Numeric

Sylloble 0
1

't3

Designotion

Non- Numeric
Designotion

The phase generator separates t}te computer
cycle into "instruction time" and "operation time".
As the names imply, instruction time is the period in
which an instruction is read and decoded, and operation time is the period in which the operation commanded by the instruction is performed. Generally,
instruction time occurs during phase A and operation
time during phase times B and C.

3

5

6

l4 r5 t6

17

i8 l9

2

\4 r5

16 17 IB

7

I

Sylloble I

9 t0

il

t2 r3 Por

t0

il

l3

6

7

d

9

2

4

5

6

7

B

2

3

5

6

7

I

9

2

3

5

6

7
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A
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I
ll 12 t3
o o o o

3

2

P

P

P

P

4

3

2

I

2

3
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5

I
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I

I

2A

4

5

I
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12

Por
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Doto Word Loyout

Bir
Position
Designotion

Use

Sylloble 0
I

2

3

A

A

A

B

7

6

4

5

7

9

J

6

A

A A A A

4

3

2

Operond Address

1

I

Sylloble

l0

t2

3

o o o o
P

P

P

P

4

3

2

I

Operotion
Code

Por

B

7

6

5

4

Operond Address

lnstruction Word Loyout

Figure L5.4-2 Word Organization
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Notice the correlation between the organization
of timing and word layout. The LVDC cycle.is delined
by 3 phase times and involves 3 syllables of information: 1 syllable for an instruction and 2 syllables
of data for an operand. The correlation also extends
downward one stop. A syllable consists of 14 bits
(13 data and 1 parity) and each phase time is divided
into 14 equal segments called "bit times". A bit time
is the time each bit of data is stored in one position of
a serial storage device before moving on to the next.

*
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To facilitate several logic operations during
each bit time, the bit times are subdivided into four
equal parts called clocks. The clocks are identified
by the letters W, X, Y, and Z and occur in alphabetical sequence. Figure 15.4-3 shows the relationships
of the various levels of timing and gives the time
duration of each level. Timing is given by a letternumber-letter abbreviation of the phase time, bit time
and clock time in descending order of time duration.
For example, an event resulting from the W clock of
bit-time 1l during phase A is described as happenrng
at A-11-W timr,. lf one level of tinring does not apply
or has been previously established, tJrat level may be
dropped from the abbreviationi i.e., a circuit which
operates independent of phase timing may produce an
output at every 6-Z time.
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The timing element contains all the circuits
which generate timing signals for the operation of
computer logic. Basically, the timing element consists of an oscillator and 3 cascaded frequenc-v dividers: the clock generator (which includes the osciilator),
the timing-gate generator, and the phase generator.
The oscillator produces the lssrc timing signal, Irom
which all other timing signals are derived. The clock
generator divides its oscillator output frequency by
four to produce a sequ('nce of 4 clock signals which
recur each bit tinre. The clock signals divide each bit
time into 4 parts, enabling several logic operations to
be performed on each serial data bit. The signals
used to identify bit times are developed by the timinggate generator.
The timing-gate generator divides the clock
frequency by seven, producing seven timin! gates
which, with their complements, can be combined to
identily 14 bit times. The phase generator then divides
the output frequency of the timing-gate generator by
three to define the 3 phases of the LVDC operation
cycle. Several additional signals, embodying various
combinations of phase, timing gate, and clock signals
ar€ generated by special timing circuits.
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The clcrk generator c(rn616lb of 4 parts: an
osclllator, a brffer amplifler, timing logic, and clock
drivers (Figure f5.4-4). (All parts except the oscilIrtor ere triple redundent; therefore, the following
description applies to all channels. ) The clock generator produces a repetitive sequence of four clock
puleee (W, & Y, and Z) which are used to time logic
operations in t}re LIIDC. A speclal clock called BON
ls generated for drivirg the delay lines. The logic
clocks occur at a repetition rate of 512 kIIz, while the

deley-line clock occurs at a 2. 048 MHz rate.
t

Thc

scilletor

producea a 3, (X8 MHz

sine

wave which is used, ultimately, to generate all other
computer timing signals. The sine wave is amplilied
and ehaped in the brffer amplifier which produces a
complementary pair of square wave outputs, BO and
BON. The BON slgrul is fed to the delay lines and
t}te BO elgrnl to the timing logic where it is frequency
dlvided to generate signals which separate the 4 clocks.

A modified Pierce oecillator is used to generate the 2. O{8 MHz sine wave which is the basic timing
signal for the clock generator. The oscillator contains only 6 components and draws all its operating

A core memory provides the necessary storage
medium in the LVDC. The memory ls divided into
memory modules. The number of memory modules
may vary from one to eight. Each module consists
of 14 planes wittr 128 by 64 cores in each plane (a
total ol 114, 688), The bsic module contains 4,096
non-redundant 28-bit words (one bit per core). The
memory modules operate independently and may be
used in eilher a simplex or duplex mode. In the
simplex mode, each memory module is usable for
programming. Duplex operation requires oairs of
rnemory modules to functlon rn pa.rallel. Each pa.ir
of modules containing the same information, effectively halves the amount of storage that would be
available if the same number of modules were operated simplex. With 8 memory modtrles operating in
simplex, the computer has a memory capa.city of
32, ?68 words (of 28 bits each) which is equlvalent to
the basic memory capability of the IBM 7090 commercial machine. Storage external to t}te memory is
located predominantly in glass delay lines and latches
to provide temporary storage for the accumulator,
PQ

current from the buffer amplifier. The lorry component
count and absence of a supply-voltage input greatly enhances the oscillator's reliability.

registers, etc.

The organization of the memory modules is
indicated in Figure 15.4-5. For addressing, the
128-core dimension is divided into two equal 64-core

BON

wl-w8
WN
WD

xl-x8
XN

Chonnel I

XD

Clocks

YI-Y8
YN
YD

zt-28
ZN
ZD

Chonnel

Some As Above

for Chonnel

2

)

Some As Above

for Chonnel

3

2

Clocks

Chonnel 3

)

Clocks

IBf, E],)

Figure 15.4-4 Clock Generator Block Diagram
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Figure 15.4-5 Memory Module Arrangement
sectiolui to produce the syllable 0 and syllable 1 portions. Each syllable is then divided into 16 sectors
(with 8 by 32 cores each)' The last sector in each syllable is called residual memory. It provides a common storage area within the rnodule (for constants,
frequently used formulas, etc. ) and allows efficient
programming. Thirteen of the fourteen memory
planes in the memory are for data and instructions
and one plaae for ParitY bits.
Each sector

will

have 256 addresses ranging

from 0 through 37? (octal). Addresses of sector 1?
(residual storage) will be 400 to ??? (octal), The selection of memory modules is program-controlled. The
LVDC has the capability of using instructions from
one module and data from another, or both from the

direction and a "0" when magnetized in the opposite
direction, t}le core can be used to store one "bit" of a
binary number. The core is magnetized by passing a
dc current of I tfrrough the X and Y drive lines in
corncrclence.

2

The direction of magnetic flttx about the core
can be reversed by passing t}te same currents through
the drive lines in the opposite direction. Reversing a

core in thls manner is catled "switching" the core' A
sense winding, represented by S in the figure, also
passes through the core and lies within its magnetic
field. When a core is switched, the resulting collapse
and expansion of its magnetic field causes a pulse of
voltage to be induced in the sense winding. Thus, if

same module.

To enable the nrenrory to function with a serial
arithmetic unit, a serial-by-bit operating mode is used.
This is accomplished by taking two 13-bit memory
words (syllable 0 and syllable 1) and producing a 26-bit
computer word. The central computer iogic then utiIizes the serialized computer word. Odd parity is
assigned to each half, or 13 bits, of a computer word
when it is written into memory. A parity check is
made on all information read from memory.
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CORE MEMORY FUNDAMENTALS

I

"0"

A.

Ferrite

Core B'
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I

Figure 15.4-6 illustrates the properties of a
ferrite core. As shown in the figure, t}re core can be
magnetized in either of 2 directions' By establishing
that a core "contains" a "1" when magnetized in one

Stotus

Mognetomolive
ognetomo'
(H
Forca (H)
Expressed in
Terrn of I

Stoius

Ferrife Core Hystereris Loop
IBIII 815

Figure 15.4-6 Ferrite Core Characteristics
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a core containing a "1" is switched t<l a "0", the resulting voltage puise in the sense winding can be
amplified and used to set a latch, ilrdicatlng the core
contained a "1". If the core already contained a "0"
it would not switch, and no voltage pulse would appear
in the sense winding to set the latch.

This is the nrethod used for reading iulortuation
ft'onr a core nlemory. It is called "destructive readout" because after the core is tead it Ito Ionger contains Ure "1" which was sensed from it. The Iatch
into which the r'1" was read is a bulfer between the
core and the circuits which use the stored information.
The "btrffer latch" stores the "I" until it can be translerred into the computer and until the core can be
switched back to lts original siate. The process of
driving a core to a "0" and sensing whether or not it
1:roduced an output is called a "read cyc1e". Switching
the core back to its original state is called a "store
cyc le".
Cores are arranged itr ro*'s and cr.llutnns as

in Figure L5,4-7, An X driVe line passes
through all the cores in a colunrn and a Y drive line
through all the cores in a row. The unit is called a
plane. The cores are positioned on the drive lines in
a pattern which puts ttre magnetic fields of adjacent
cores 90 degrees apart; this eliminates interference
between cores. TIie sense winding mns paraiiel to
the Y drive lirres and passes through all the cores in
shown

the plane.

lf the plane is viewed as thc Iirst quadrant of
a C.rrtt,sian Coordinatt'SVstent, llir' X arxl Y clrivc'
lrtres r'('present units along the X atlcl Y a-res. '[ltc
location of each col'e can then bt' elefinetl bv the X atrd
Y drive tincs which pass through it. Thc ctrcuits
which operatc the plane are controlled so that only otle
X and one Y drive line carry curretrt itt au1'givctttime.
Only the cbre :rt the intersection of tlte selc't'ted drive
lincs rcceives thc' coincident currc'nt lle('essarY to
switch it. Hencc', this nrothod rtf sclcctirrg ll)elll()t'l'
locations is called "coirtcidetrt-t:urretit addressing".
Whcn a nlellrory locatir>n is selectt'cl bY r't.rirtt'i6lt'tttcurrellt addressing, {,tle core alotrg ear'}r sllt'ctt'tl
drive line rcceives the full trurrctit lleL(':'i.tl \ to st'Iect it.
Conrltutcrs oyrerate using "worcls" wlticlt corttyrrist a nurtrber of bits. tlrus the nlctuory tnust be
cxpattcle cl to storc a t:otnPIett' n''orcl ltr t'at:h Iot'atirrn.
'flte t'xllansiotr is acct)ttrplishccl by providing:t scl)il.r'atr. plant' lt.rr ca<:h ltit in the rvord. Tht' lrlant s :tt't'
stackttl ottt-' alxtvc tlre ritllcr to lt,t'ttl aln "art ltv". Fjaclt
X drivc ltttt' is linked to tltr't'ot't't'slloncliltq lrrtt's r'f lltt'
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other planes in the array to fornr one continuous drive
line. This drive Iine passes through the same locations in every plane of the array. The Y drive lines
are similarly interconnected. Thus, when a pair of
drive lines are energized, a core is selected in each
and every plane at thc t:orresponding intersection of
the X and Y drive lines.
Each plane has a separate sense winding and
latch
buffer
to ailow the bits to be sensed individuAlly.
However, a problem ls encountered in attempting to
restore th.e inlormation into the memory.

As presented up to this point, energizing a
pair of drive lines switches all the cores in the
addressed location to the same state. There is (thus
far) no provision lor storing numbers which contain

bofll t'1rs, and "0's". Therefore, a fourth winding
called an "inhibit" winding is wound through each plane
to allow bits to be stored individuaily. The inhibit
winding runs parallel to the X drive line and carries
the same current (but in the opposing direction) as the
drive line. These windings are utilized only during
store cycles. During a store cycle, the drive lines
attempt to switch every core in the addressed location to "1's". However, any hrffer storage latches
containing "0's" energize the inhibit windings in the
corresponding planes. Inhibit current opposes the
current in the X drive line and cancels its elfect. Thus,
the addressed cores in the inhihrit planes feel only the
hall-select current of the Y drive'line and do not switch.
Since the coles in the addressed Iocation were all
switched to "0's" when they were read, any inhibited
coros will simply renrain in the "0" state.
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Associated with the array are a number of
special circuits which are required to operate the
array. Included in these circuits are the sense amplifiers, some special timing circuits, and the circuits
whlch provide power to the drive lines and inhibit

rindrgs.
MEUORY MODULES

The memory element is composed of up to eight
integral ard asynchrondrc memory modulee, which
operate under control of the memory control element.
The modules are termed "integral" because each module ig a complete memory in itself. Included in each
module are a core array and all the clrcuits required
to trenafer inforrntion to and from it. Asynchronous
refere to the fact that the timing signals which carry a
module tlrough a memory cycle are developed within

the module and arc not ln eymchronlem rith any others
in the computer. When lnlormatlon ls to be transferred to or from the memory element, the comprter
delivers a sync imprlse to the selected module (or
modrles), rnlts e relsoneble 6me for the modile to
perform the transfer, and thcn contlnuee (aeanmtlg
that tlre transfer is complete). Durtng the memory
cycle, the memory control element prorrldea aignels to
the memory element which control addreeatng and
determine the direction of transfer.

Flgtre 15.4-8 le a block fiagram ol e memory
module showing all the circults lt comprlaes. The
memory clock drivers (up,per left) recetve the rync

imp{se from tlre compSer and convert lt to r serlcs
of read or gtore tirnfng prlees. The dmfrg prleee
turn t}te memory addrese drlvere and lnhlHt drlvers
ON and OFf and strobe the aense amp[flcn et the

X Ad&cs
(Ht)

Sync

Rad/Storc

Y Address
(Hl)

From

X Addrcss

Mcmory
Buffar

(Lo)

To
AAcmory

Buffcr

Figure 15.4-8 Memory Module Block Dragram
15.
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propel' time. There are two menlory address drivers
.or each drive line in the array. Addressing signals
--f"on, the memory control clement select one X and '.lne
Y drive line by conditioning two X and two Y rnemory
address drivers. When the timing pulses occur, the
eonditioned memory address drivers pass coincident'
current pulses through the selected drive lines to
switch the cores in the addressed location. Diode
ruratrices provide isolation between drive lines' A
irarr ,rf error detectors continuously sense X and Y
[alf-sr'lect current to indicate addressing errors to
erri,r rr)1]rlltor circuits in the tnetrttlry control-element'
A tenrperature controlled voltage regulator adjusts the
ruremory addrees drivers and inhibit drivers to produce
the optlmum current output for the prevaillng tempera-

ture in the array. A temperahre sensing element,
attached to the array, develops the inputs for the
temperature controlled voltage regulator.

-

Stbtic control signals from the memory control
element determine whetler inJormation will be read or
stored by conditioning the memory clock drivers to
produce the approprlate series of timing puleea. U
inJormation is to be read, a series oI read pulses is
generated causing the memory address drivers to
switch al} the addressed cores to "0's,. Read timing
includes a strobe pulse for ttte sense amplifiers which
is delayed from the drive current to allow for the inductive reactance of the windings through the array.
II the purpose of the read cycle is to clear the addressed location so that new information may be stored
in it, the strobe pulse is inhibited and the sense ampli-

fiers produce

no.outPuts.

If a store cycle is required, the timing

pulses

produced by the memory clock drivers reverse the
polarity of the memory address driver outputs. The
memory address drivers then attempt to drive all the
addressed cores to "1's"; however, tlte store pulses
are also routed to ttre inhibit drivers. Atty inhibit
drivers conditioned by "0's" in the mentory buffer

register will produce an output opposing the X drive
current. Inhibited cores feel only the Y half-select
current and therefore remain in the "0" state.

'\-

The memory control eleurent provides t}te timing, decoding, memory selection and temporary storage operations which are required to properly operate
the memory elenrent. The memory control element
consists of two buffer registers, a timin! and sync
selection circuit, address decoding clrcuits, syllable
selection circuits, a memory mode and module selection circuit, and an error nronitor and memory select

circuit.

15.4-16

The computer memory readout is destructive,
i. e. , as data is read from the memory, the applicable
memory bits are all driven to "0". The buffer registers hold the data read from memory long enough so
that it cagb€ read back in, therebymakingthe memory
readout effectively non-destructive.

In addition to saving ttre memory from progreesive obliteration, the memory buffer registers
feed memory data to the transfer register, and receive
data to be stored in memory from the transfer register. The transfer register assumes the role of a shift
register when it is receivlng data to be loaded into
memory. To function as a shiJt register, the transfer
register makes use of multiple clocks. Therefore,
special timlng is required to lut data from the transfer
reglster as soon as it has been loaded and before it
starts another shift cycle. This timtng ls provided by
the tnrffer register timtng circuite whieh wlll be dis=
cussed later.

The memory select and error monitor clrcult
continuously checks t}te performance of t}te memory.
During duplex operation, the memory bnrfter selectlon
is controlled to correct transient errors and provlde
an uninterrupted flow of reliable information to t}te
computer. Memory errors are detected by parity
checking the bufler registers a.fter every read cycle
and by monitoring the outputs of the error detector
circuits in the memory modules.

In duplex operation the A and B memories are
cycled simultaneously but only one buffer register is
selected to provide inlormation to the computer. If an
error is detected during a read cycle, the memory
buffer containing good information is selected to eontrol restoring both memories; thus the error, if transient, is corrected. If an error occurs in the memory
selected to feed the computer, the selection is changed
to the correct buffer before ttre inJormation is used.
Thus, the computer receives only reliable inlormation
unless both memories faii at the same storage location
simultaneously. Operation is not restored to the previously selected memory unless the good memory
should develop an error. Monitor signals are provided
at ttre computer interface which indicate the status of
each memory and simultaneous failure of both nremories.

The memory select and error monitor circuit
includes separate parity check and error-detector
sensing circuits for each memory; these circuits are
called the "error monitors". The error detectors in
the memory modules indicate 3 types of addressing
failures: (1) multiple address selection; (2) loss of
half-select current and (3) spurious selection during

Astrionics System
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non-cycle times. These failures are cornbined into
2 t1pes, "on current failures" and "no current failurc!"
by the error-detector sensing circuits. Timing signals which enable the error monitors to sense the
dlfcrcnt types of errora at the approprtate tlmes orc
common to bot}t error monitors.

Information flows from the memory hrlfer
registers in 2 directions, through the inhibit drivers
into the memory and into t}te computer to be used. The
memory select latches provide separate conirol over
data llowing in each diregtioru Separate control is
melntatned so tlat e/rors occurring in the non-silectea
memory can be corrected from the selected memory
without changing the selection of t}re memory hrlfer
which is providing lnformation to the computer.

INTERRUPT

A limited program interrupt feature is provided
to ald the lnput-output proceesing. An external signal
can interrupt the conputer program and cause a transfer to a subprogram. A computer interrupt occura
when t}te instruction in progress is completed. AII
interrupts automatically generate a HOP 400 (octal)
instruction. The HOP conetant designates the start
of the subprogram. Storage of the contents of the
instructlon counter, sector and module registers,
syllable l,atch, accumulator, and product-quotient
registers must bG accompllshed by the subroutine
itself . Theee valueg ere atored for an evenhnl
return to the interrupted program. Protection against
multiple interrupts rnd interrupts during MPY and
DIV operatiqrs ie aleo provided.

t5.r.5 (0nPUTIR HtIRUCTtoilS
The computer uses a complement of 18 stngleaddress lnetructions which are composed of a 4-bit
operation code and a 9-bit operand address. The 4-bit
operation code can select I of 16 different instnrctions
to be executed; this range is extended to 18 by granping
3 lnstructions under one operation code, then using
tflts A8 and A9 of the address to discriminate between
tlem. Bits A8 and A9 serye no other function for the
instructions which are grouped. A list of t}le 18 instnrctions available is given in Table L5.4-2 with the
operation code and a brief description of each.
The 9-bit operand address permits selection
addresses for use as operands or
data storage locations. The memory is divided into
a number of sectors, each containing 256 addresses.
Address bits A1 through A8 select one of the addresses within the sector. Bit Ag determines
whether the address will be in a sector previously
selected by the program or in a special sector called
"residual memory". Consequently, bit A9 is called
the residual bit; residual memory is selected when
A9 is a "1".

of 512 memory

Instructions which do not require that data be
read from the memory frequently use the operand addresa for special purposes. These special purposes
are pointed out in the List of Instructions, Table 15.4-2,
where they occur. For example, the shift instructions (SHF) always manipulate the contents of t}re accrimulator and thus requires no operand addrese; thie
frees the operand address for use as shift control.
Onc tnstruction which makes extensive use of its operand address is PIO. A complete breakdown of the
PIO addreeses is given in Table 15.4-3.

The internrpt signal may be generated by a
timed soruee. The rate at which it is generated is
controlled by chansing the magnihrde of a number
whlch i8 being contnually summed When the summed
number reaches a predetermined value, the interrupt
signal ls generated" This is accompliahed in the
LVDA.

The main program can be regumed by adressing the contents oI reeidual memory word 7?6 or ?7?
with a HOP instructlon.

Certein diecrete tnput signals are allowed to
internrpt These are useful in causlng the
input-output subprogram to give immediate attention
to an inprt or output operation.
cause an

The lnterrrpt feature facllitates the timing of
input-output operattons by causing a transfer to an
inprt-output subpro€ram. The lnterrupt signal is
generated in &e LVDA and may be set to interrupt at
the highest rate at which any input-output quantity
must be handled" Thie method avoids t}re necessity
of keeptng track of time expired since last entering
the inprt-output su@rogram.
The automatic interrupt also makes it possible
to permit certain discrete inputs to cause an interrupt.
Allouring diecrete inp*s to intermpt, makes it possible
to demand that the pr(Xram give attention to an important discrete input. Communications between the LVDC
and the vehicle telemetry monitoring system are thus

facilitated
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Table

1

5.

4-2 List

of Instructions

Operation
Code

Instruction

432t

0000

Transfers program to memory location specified by HOP constant and controls
simplex/duplex operation of memory. Operand address specilies memory location of
HOP constant used to ioad the registers shown in HOP constant format (below). Full
HOP constant MUST be specilied each time. First inetruction following HOP comer
from new location.

s\"{

&

-o
L,

^o
.os

.o$

f

CJ

.tf

^s

DDDD
S SS S

4321

MPY

001

p/

o*]

AAAAAAAA
8?65432t

,

Multiplies contents of memory location specified in operand address by contente of
accumulator. Uses 24 high-order bits of each operand to form 26-bit product. Product
of multiplicand and 12 low-order bits of accumulator is available by addressing 7?5
with second instruction following MPY; final product is available to fourth instruction
following MPY. Program continues while MPY is in progress; concurrent use of accumulator is permitted.

SUB

0010

Subtracts contents of memory location specr.fied in operand address from contents of
accumulator. Places remainder in accumulator.

Dry

0011

Divides contents of memory location specified by operand address into contents of accumulator. The 24-bit quotient is available to the eighth instruction following divide by
addressing the P-Q register (?75). Program continues while DIV is in progress; concurrent use of accumulator is permitted.

TNZ

0100

Conditional transfer. Transfers operand address (A1-A8) to instruction counter and
A9 to syllable select i-f accumulator contents are not zero. Next ingtruction comes from

newsyllabIea.,oaaarmnextinstructioninsequence.

,

MPH

0101

Multiplies contents of memory location specified in operand address by contents of accumulator. Uses 24 high-order bits of each operand to form 26-bit product. Holds up
program until multiplication is complete. Product is available from accumulator or
P-Q register with instruction following MPH.

AND

0110

AND's contents of memory location specified in operand address with contents of accumulator. Result is placed in accumulator.

ADD

0111

Adds contents of memory location specified in operand address to contents of aceumulator. Sum is placed in accumulator.

\-l
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Table 15.4-2 List of Instructions ( Cont

)

Operation
Code

{3tt
rRA

1000

Unconditional trensfer. Transfers operand addreee (A1-AB) to tnetruetton counter and
A9 to ayllable selcct. Next instruction comeg from new sylleble and adrees.

,(oR

1001

OR contents of memory location epecilied ln operand ad&ess wlth contents
of accumulator, bit-for-bit. When accumuletor bit and blt from memory are different,
s ,rln ls placed in the corresponding bit of the aecumulator; ll aecumulator blt and
bit are alike, a ilOil ls placed in the aceumulator.

Exclusive

-

memory

PP

l0l0

sTo

101r

proceas input or ortput. Operand address specifies lrput or @tput and gives addrees
of data source and destinatlon. See FlgUre 15. {-8 for ltattng d addreaaea.
Contents of accumulator ls stored in memory locetlon apecified by operand addresa.
Contents of accumulator is unchanged. Data cm be rtored ln P-Q register by ustng
eddreae ??$. A STO lnstruetion with operrnd rddregt 7?6 or ?7? ceuaes contents of
multiplicand register to be stored in memory location ??8 or 717 ts epecifted. These
addrecaes are used for HOP-save feature.

1100

transfer. Transfer operand addrece (A1-A8) to lnatruction counter and A9
to syllable select if accumulqtor stgn is nl8us. Next lnstruction comea from new sylleble and address. B aceumulator sign le plua, pcrforu ncxt hstnrctlon ln sequence.

RSU

1101

Reverse subtract. Contents of aceumtrlator arc auHrretcd froo contcnto of memory
locatlon speciiied by operand address. Remalnder tr plrced ln rccurnuhtor.

SHF

1110

Contente of accumulator are shlfted l[.SD or LSD a maxlmum
fied by operand address. Shift control codes are:

A8=0

Conditional

A9=l

Address

Bit

d

2 btt

po.ttloil

ee

lpcci-

Shlft

A1 =1

A2=1
A5=1
A6=1

I^SD

1

I.SD

2

MSD 1
MSD 2

1lr0

if ail shtft control bits ate "0r8".
Change date sector. Operand address is used as a constant to load reglsters indicated

A9=0

below,

Clears accumulator

'
*""&
"-4

d

DDDD

ssss

4 321

/ jv"

d/,
DDDD
MMMU
321P
D
N
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Table 15,4-2 List of Instructions ( Cont )
Operatlon
Code

{321
l1l

Execute

modified. Operand address selects 1 of 8 instructions in residual memory to
its operand address as shown below prior

A8=l

be the ne4t instruction executed and modifies

A9=1

to execution.
EXM Operand Address
A

A

I 8
11

Part of EXM Operation
Code. A9 selects residual
memory for next lnstruction,

I:

A

A

A

A

A

A

A

7

6

5

4

3

2

1

I

Replace bits A1 and A2

in next instruction.
ORd with

bits A3 and A4

of next tnetructlon.
Syllable select for next

instruction.

Selectlof4addresses
for next instruction.

A7

A6

ADD

0

0

0

1

1

0

600
640
700

1

1

740

Next Instruction
Operand Address
A A A A A A A A A

Part of data
ORd

8 7
tttltt

o

5

addres

yith A3 and A4 of EXM

4

3

t

2

1

9

Select data sector
only.

I

A2 A1

000
001
010
011
100
101
110
111

15.

{-20

for one instruction
Data

A9

Sector
04
L4

05
15

06

t6
07

17 (Res. Mem)

Astrlonics System
Section 15.4

Table 15.4-2 List of Instructions ( Cont

)

Operation
Code

Instruction
EXM
(cont)

Deecrlptlon

4321

1110

E)O!t operation

is diagrammed below.

A8=1
A9=1
Next Instructiont

EXM Operand
Addreea

Operand Address
A A A A A A A A A

I

7

6

5

4

3

2

A A A A A A A

I

1

I

6

5

4

3

2

I

A A A A A A A A

I

6

7

5

4

3

2

1

Hfective Operand
Address of Next

Instruction

I

CI,A

1111

Contents of memory location specified by the operand address are transfemed to
cleared accumulator,

Table 15.4-3 PIO Addresses
Group Selection and Functions

A9 A8 A7 A6 A5 A4 A3 A2

Data Destination

Data Source

Group

1&3
1&3A
1&38

LVDC Accumulator
LVDC Main Memory
LVDC Residual Memory

LVDA Telemetry Registers
LVDA Telemetry Reglstera
LVDA Telemetry Registers

2

2L
29

LVDC Accumulator
LVDC Main Memory
LVDC Residual Memory

LVDA Output Registers
LVDA Output Reglsters
LVDA Output Registera

4

LVDA Peripheral Inputs and Errors

LVDC Accumulator

5

LVDA Resolver Processor Inputs

LVDC Accumulator

A1

x o Llaar"."J o x
0x
01
11
0x
10
x0
0l
11

x0
x1

10
10
11
11

Group Addresees
Group

2

droup

Group

4

5

Mode Register

Spare No.

Dlacrete Ortput Register (Reset)
Diacrete Output Regieter (Set)

Computer COD Counter Start

Internal Control Register (Set)
Internal Control Register (Reset)

6

Error Monltor Register Fine Gimbal No.

1

A? A6 A5 A4 A3

0 0 0 00
00 001
0 0 010
00 011
0 0100
0 0101
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Table 15.4-3 PIO Addresses ( Cont

)

Group Address
Group

2

Group 4

Interrupt Reglster Reeet
Switch Selector Regieter (Load)

Orbital Checkout

Command Receiver

or RCA-110
Switch Selector & Discrete Output Discrete Input Spares

Group

A7 A6 A5 A4

5

Coarse Gimbal No. 3
Computer COD Counter Start

0 0110
00111

Coarse Gimbal No. 1
Horizon Seeker No. 1

0
0

1

0

0

A3

1

0
0
0

00
01
10

1

0

1

1

Registers(Read)
Spare No.

3

01100
01101
01110

Switch Selector Interrupt Counter
COD

Error

(Read)

Telemetry Scanner

Inhiblt Interrupt
Minor Loop Tlmed lnterrupt
Counter

Switch Selector

Spare No.

0 i 111
10 0 00

4

Real Time
Accelerometer
Processor X

10
10

Fine Gimbal No.
Accelerometer

Processor

Z

Accelerometer
Proceseor Y

Interrupt Storage
Ladder No.
Ladder No.
Ladder No.

1

Horizon Seeker No.

3

Horizon Seeker No.
Coarse Gimbal No.
Spare No. 5

4

Coarse Gimbal No.

2

2

Fine Gimbal No.

3

Slare No.

A ma:rimum of 12 interrupts are provided for
the LVDA. Under normal operating conditions, when
a bit is set in interrupt storage, a HOP 400 will be
forcedtothe LVDC upon completion of the instruction
currently being executed- When the LVDC program
has completed processing the interrupt, a PIO instruction addressing "Interrupt Register Reset" with
the bit corresponding to the bit causing the interrupt
set, must be sent t<l the LVDA just prior to executing
the return HOP. This is necessary to inform the
LVDA that the condition causing the interrupt has
been processed. The LVDA will then check to see if
the interrupt is still present. If the interrupt is stillr
r)resent, the LYDA will inhibit sending an interrupt
for that particular condition until the intr:rrupt has

r5.4-22

Spare No.

2

1

Ladder No. 4
Ladder No. 5

1

3

2

Fine Ginrbal No. 2'
Horizon Seeker No.

4

0 01
010

10 011
10100
10101
10110
10111
0 00
0 01
010
011

1

1

1

1

1

1

1

1

11100
11101
111
11111

10

been removed Once the interrupt has been removed
the LVDA inhibitwill be removed, and normal processing will be resumed.

15.4.6

CoilPUrrR ColtTRot

The data control elenrent consists of the transand the parity counter. The transfer
register is the central storage location in the LYDC
which provides a two-way path for transfer of data or
instructions between itself and the nremory, or itself
and other storage locations in the central computer.
The parity counter assigns a parity bit to all syllables
of data that arc stored in the memory. When these
syllables oI data are subsequently read out of tnenrory,
their parity conclition is checked against the parity bit.

fer register

Astrionics System
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The trans{er register is a 13-bit shift register
which receives lrom and sends inputs to the mernory
hrffer registers, the arithmetic element, the multiplydivide element, and the external equipment.
The parity counter assigns parity bits by
making all syllables have ,'odd" parity. The parity
counter "counts" ttre number of ,'l1rs,, in a syllable and
adds a "1", as necessary, so that the total number of
,lrs'r is an odd nurnber. Thus, if the total number of
r'lts't ls even, the parity counter adds
a bit; if odd, no
bit is added. The parity counter operates during a
store operation when data is loaded into the nrernory.
The program control element steps the computer program through its instructions to execute the
commanded operations. To accomplish this task, the
progranl control element performs the following
Iunctions:

o

Starts or stops the progranr under external
control.

r

Conditions the nremory address decoders
to select programmed instructions or data
words.

r

Selects data and instruction memory sectors

under program control.

o

Selects instruction addresses within a
memory seetor either automatically or
under program control by an instruction
counter..

t

Stores, decodes, and initiates operation
codes.

o
o

Interrupts the program, under external conto perform selected subroutines of
the progranr.

trol,

Generates a word (HOp constant) which re-

instates the computer program at the instruction where it was interrupted, alter
- completion of an externally commanded
s

ubroutine.

The program control element consists of:

o

An address register.

o

Data and instmction.sector registers.

o

Operation code register and decoders.

o Interrupt and start-stop

control r:rrcuits.

o

Any automatic HOP save circuir.

o

An instruction counler_

The address register stores instruction or
is read
fronr nrt'nrori'. During an instruction word time, the
address reslst(.r stores the instruction address (from
data word addresses white the selected worrl

the instructron counter) to select the instruction word

address. 1'he operand address portion ol the instruction word, stored during data word time, is used to
select the data word address.
The address register consists of g latches,
A1 through A9, with associated AND and inverter output circuits for added driving power. Latches Al
through A8 select 1 of the 256 memory locations in a
sector; latch A9 determines whether the addressed
data will come from a pre-selected sector, or from
tlte residual rnenlory. The addresses of selected
memory locations are loaded into the address register from the transler register. The address register
outputs condition the address decoders in the memory
control element and provide control to the LVDA for
PIO operations. The transfer address latch provides
timing and control lor the register.
The instruction address (from the instruction
counter)is stored in the address register from A-g_W
through A-13-X time. During this period, the addressed instruction is read from memory and placed
in the transfer register. The operand address portion
of ttre instructions is then transferred to the address
register at A-13-Z time for storalle while the data

word is read f rom or stored into menrory.

The address register stores the data word
address from A-14-W through the following A_?_X
time. The address register is reset at A-?-y and
A-13-Y times prior to storing the instruction ancl
data addresses.

An EXM instruction executes and modifies the
operand address of one of.the instructions stored in
residual memory locations 600, 640, ?00, and ?40.
The operand address portion of the EXM instruction
is transferred into the address register at A_ll_Z
time. The data stored in latches Al through A5 re_

mains in the transfer register to select the syllable
of the instruction to be executed and modify its ad_
dress. This data must be cleared from latches A'1
tirough A5 to select the desired residual memory
locations.
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The data and instruction sector registers store
sector codes to select 1 of 16 memory sectors during
operation and instruction times, respectively. Sector
codes are loaded into both registers during a HOP
instruction (HOP sets CDSV to load the data sector
register); the data sector register is also loaded during a CDS instruction. The registers store the sector
codes until the next HOP (or CDS) instruction commands them to change. The sector register outputs
condition the memory address decoders.

The 4-bit operation code register stores the
of
the commanded instruction while the instruccode
tion is executed. The operation code register outputs
control the operation of the circuits which execute the
instructions.

reglster, loaded by Ore
register,
the
stores
operation code from
transfer
(nearly
to
A-5-Y
time
a full computer cycle).
A-12-Y
The operation code

The operation decoders supplement the opercode
register in controlling the operation of
ation
which
circuits
execute the comnranded operations.
The operation decoders decode programmed operation
codes and computer signal combinations to generate

control signals. The programnred operation codes
which condition the decoders are supplied via ttte
transfer register, address register, or operation
code register.

, The instruction address is incremented in the
arithmetic element and stored in the unused portion of
the accumulator register. The instruction address
consists of 9 bits but only 8 bits are stored in the
accumulator register. When the instruction address
is transferred to the address register {rom the accumulator register to select an instruction, a "0"
is lorced into address register bit A9 position. The
instruction address is increased by one each instruction time during normal operation. The instruction
address is not increased during an EXM instruction,
during the first four computer cycles oI a MPH operation, or after the commanded instruction is conrpleted during a CST operation. The instruction
address can be changed during a transfer operation; the
instruction address currently stored in the accumulatorregister is dropped and the transfer instruction operand
address is loaded into the unused portion of the accumulator register. The instruction counter is actually part
oI the arithmetic element.
The LVDC is programrned by means of singlerddress instructions. Each instruction,specifies an
.-olleration and an operand address. Instructions are
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addressed sequentially from memory under control of
the instruction counter. Each time t}e instruction
counter is used, it is incremented by one to develop
the address of the next instruction. AJter the instruc-

tion is read from memory and parity checked, the
operation code is sent from the transfer register to
the operation code register, a static register which
stores the operation code for the duration of the execution cycle.
The operand address portion of the instruction
is transferred in parallel (9 bits) from the transfer
register to tie memory address register. The transfer register is then cleared.

If the operation code requires reading the
mernory, the contents of t}e operand address are read
14 bits at a time (including parity) from the memory
into the buffer register where a parity check is made.
Data bits are then sent in parallel to the transfer register. This information is then serially transferred to
the arithmetic section of the computer. If the operation code is a STO, the contents of the accumulator
are transferred serially into the transfer register and
stored in two 14-bit bytes. A parity bit is generated
for each byte.
Upon completion of the arithmetic operation,
the contents of the instructiOn counter are transferred
serially into the transfer register. This information
is then transferred in parallel (just as the operand
address has previously been transferred) into the
memory address register. The transfer register is
then cleared and the next instruction is read. This
completes one conrputer cycle.

The data word is read from the menrory
address specified by the memory address recister
and from the sector specified by ilre sector register.
Data from the nremory goes directly to the arrthnretic section of the computer where it is operated ()n
as directed by the operation code.

t5.{.7

ARtIHllttItC StCIto}l

The arithnretic section contains an add-subtract
element, a multiply-divide element, and storage registers for the operands. Registers are required lor the
accumulator, product, quotient, multiplicand, multiplier, positive remainder. and negative remainder.
The add-subtract and the multiply-divide elements
operate independently of each other. Therefore,
they can be programmecl to operate concurrenily if
desired; i. e., the lrdd-subtract element can do several
short operations while the multiply-divide element is
in operation.

Astrionics System
Section 15.4.
The A/S circuit and Acc Reg make up an accumulator which performs the aritlmetic and logic operatlons and stores the reetrlte. The Acc Reg stores 2

The arlthmetic element performe the following
general type of oPeratione:

r

pleces of data: the results of the arithmetic operatlon
(called the stored operand) and the inetructlon counter.

Arlttrmetic (addition, subtraction, and
shiftlng)

r

Loglcal extraction

o

Stores new operand and a new instruction
counter (previorslY described)

I

Modtfles the stored lnstruc0on counter

The arithmetic element consists of
fotlowlng (Figsre 1 5. 4-9):

a

n
U
---

The Accum Control circuits provide tlnrlng and
conditioning gates for the A/S and Acc Reg circults.
(The conditionlng gates are instnrction oriented" )
The A/S circult performs ttre followtng
arltlmetlc and loglcal extraction operations:

tJte

And

(AND))

OR

Excluslve

.

Add/gubtract circuit (A,/8)

o

Aceumuletor Register (Acc Reg)

)

Logtcal

(XOR)J Extractlon

In each of the precedlng operatlona only the
stored operand and the new operand are affected.

Llnlo Rrlotcd Doto ond
C,ondliloninssignolr
Si

(ADD)

(SUB) t .
Reverse-subtraction iRsui /Arlthmetic
Clear-end-Add (Cf,n1J

AccumuletorControl clrcuits (Accum
Control)

Conditlonlng

Addition
Subtraction

& lnrtruction Counfcr
Ncw lnrtructlon Counicr

gnolr

Doto Flow

r--

Trons

Reg

(Doto Control

I
I

rI

I

I

)

Add, Sub,RSU,

I

lcnt' (HoP, L

itNz,lu,rutl

--------.1

I

I
I

I
I
I
I

I

I
I

I

I
I
I

I

jl-o/?lL--L
I

lnput

Doto

I

I
I
I Enter HOP
I
Const
I

I
I
I

I

I
I
I
I

I

I
I

L-UtOJUr;.e{-z-

rffit
I
|

Address

Reg

(Progcontrol)

I

! ! I I

i.F--

lrtl
tl
tl-_lHop

lnstructionond

ii-ii-bfi'o"--io?d"-ai

I

Accum Control

HOP Constonl
Seri ol i zer
(Prog Control)

|

Figure 15.4-9 Arlthmetic Element Block Diagram
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I'l'irt, irrstructit.rn counter rs recirculated and updated
.rutoruatically, except during PIO operations. ) During
a C'LA ol)eration the stored operand is inhibited and
the new operand enters the Acc Reg unalterecl. SimiIarly, the product or quotient (from the multiplydivide element) and input data (from the LVDA or test
equipnrent) enters through the A,/S circuit and replaces
the stored operand in the Acc Reg. During a SHF
,rtrcration, the stored operand leaves the Acc Reg and
rctrlrns t,arly to the Acc Reg direcUy through the A/S
r ircurt for an LSD shift 1 or 2; the stored operand
leaves the Acc Reg and returns from the transfer
register late lor an MSD shift 1 or 2. MSD-shifted
data frorn the transfer regtster enters the A/S as a

Upon initiation of a rnultiply and durtng every
otler phase time thereafter, the 5 low-order bits of
the nrultiplier (MR1, MR2, MR3, MR4, and MRg)
are placed in latches or tratches and are used to condition addition or subtraction of multiples of the
nru-ltiplicant to the partial product. The following
algorithm is utilized for multiply:

Pi = 1/t6

1)

[",,

* at +A2]

Pi is t}te new partial product, and Al and 42
are formed accordirg to the following mles:
MRt

MRz

MRs

MRs

MR4

MRs

A1

new operand.
The Acc Reg is a circulating shift regiater
which utilizes the A/S circuit to complete the loop.
When no operatlons are called forth, ttle stored operand and lnstructlon counter are continually circulated;
the stored operand is unaltered and the lnstfirction
counter updated durlng each pass through the A/S
circuit. A new instruction counter (required when
performing one of the transfer operations) or a new
instruction counter and HOP constant (which becomes
the stored operand) may be entered direcily into the
A.cc Reg when
I

performing a HOP.

During each program cycle-time, the result
of the simple arithmetic operations are circulated
through the accumulator delay line and through t}te
accunrulator sync delay line channel to prevent
processing of the results.
The multiply element operates in a 2-phase
cycie, serial-by-four parallel, and requires 15 phase
tinres, including instruction access time. The prograrn initiates a multiply by placing the 24 high-order
bits oI the contents of the memory location specified
lly the operand adclress into the multiplicand delay
line. The multiplier delay line contains the 24 highorder bits of the contents of the accumulator. The
phase counter terminates a multiply instruction.
The instrumentation of the multiply algorithm
requires 3 delay Iine chamels. Two of the channels
contain the partial product aud the ntultiplier. These
channels shilt both the partial product and the multiplier 4 lrlaces to the right every 2-phase cycle. The
third channel contains the multiplicand. The accumu'rtor portion (foufth channel) of this delay line is not
\.--,rvolved in the nrultiply opcration and can be used
concurrently with the multiply operation.
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lo lol I l,*,
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l0
ol I
l1 1l
tl
l+aMl
ol
I
1l 0l
lol

I

+2rvr

ol

ll |
rl ol

0l

-arur
-zr*,r

ol

1l
1l .J 1i

-2v-

I

I
I
I

62
0

+8M
+8M
+16M

-16M
-8M
-8M

M reprrlsents the multiplica: nd. For tjre firet
multipli .cation cyc tu P(, _ t) and MR, a:re
made zrlros.
The divide element operates in a 2-phase
cycle, serial-by-two parallel, and requiree 2? phase
times per divide, including instruction access tlme.
The progranr initiates a divide by transferring the
26 bits of the addressed memory location (divisor)
and the 26 bits of the accumulator (dividend) to the
divide element. The phase counter terminates a
divide operation.
The following algorithm
execute divide:

Qt

=

Ris .DVs

is instrumented to

+ Ris .

DVs

(1)

and

&+1 = 2Ri + (1 -

2Qi)DY

where

2, 3, ...24

1

= L,

q

= The

ih

quotient bit

The sign of the ith remainder
ls =

R.

(2)
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DV" = The sign of the dlvisor

Ri

= The

q

= The divldend

16 remalnder

flret qtdent Ht le a zcro, the cury lr anFrrncd to
&.rnb. the rccond quoflcd Ht Thc ldfrlf
tnrlt trUc tg rolved to &tcrmtn thc rccod quotlcd
Bt U thG llrt qtdcd Ht Lr e om.
Rt

DV"

B

R(r*t)"

0
0
0
o

0
0

0

0

I

1

I

I

0

0

1

0

I

I

0
0

0

1

0
0

1

I

0

0
0

I

0

1

I

DV - The divisor
Eqrntloo (l) rtetes that the i& quo$ent Ht is
c$rrl to e "l' if the slgn of the lS remainder te tdentlcel to thr rtgrr o( the dtvlsor. The high-order quodent
ilt (rlen b{t} rr thc only cxccp$on to thte ntle. Q as
ilcrmtmd by equatlon (1) lc used to rolvc eqrn6on
O) bt mrrt br complcmantcd beforc lt lr ctored u
ihc rtfn Bt o( thc guotlcnt.
The inetntmentatlon of the dvldc algorlthm
requires 3 channels of a delay line. One chennel con-'
talne the quotient, one the dlvleor, and one the dlvldend. Thege 3 chennels are uged furfuA mulHply to
conteln the multiplter, the multtpllcand, end the pertirl product reepectlvely. The quotient and the rem.lnder chennels of the delay llne heve been lengthened
by latches to shift 2 placee to the left each 2-phrse
cycle. The dlvlsor clrculateg.once etch 2-phase

1

I
I
I

t

Wherc

'

\

Tbo

llrrt

t
I

rcmeltrdcr Ut to ttG sltht oil

ttc et;n Ht
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quded Ht
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R1t*r1" = The dgn oil thc nor

cycle.

Q

&termfned by

dh B(t*f)" accordlrg
9Y..

to equedon (2)

In the tworg complement number system,
the high-order bit determlnes tlre sigjr of the number.
Slnce thls ls the last blt read from memory, it ls
lmposslble to solve equatlona (l) and (2) until the
entlrc dlvtsor has been read from memory. IIorever, eqrnHong (1) and (2) can have only two poselble

=I[ff". E+ {,Dv" E
*\.Df.8+R1.Dvr.B

Q

_q.E(DTr+DV")

golu6ons.

*n,.B(D[+DV")
Eltler,

9=1
3n4

R(t*r)'2q - Dv

der,

The equaEon used ln generatlng the new remlln[a oHelncd by erpending eqrntton (2] as

\*2r

Iollws:

ofr

9=o
anA

R(*1)=2Rt+DV
Both the borronr of 2\ - DV and the cerry ol
tre generated as the dvtdcrd and divlsor
regtstere are loded. When the siSn bits of theae
quandflee ere finally entered tnto thelr reapec0ve
reglstera, eqtn$on (1) ts eolved for the llrat guo6ent
HL U thfs quottent blt ls a one, the borrow la er.mfned to &termlne the second quotlent Ht U the

2\
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of dvtde tg itlrted by generatng, a^c alreedy dcrcrlbed
* DV.
the bomm rnd cerry for 2R
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is described because it is
considered to be the first remainder. Both multiply
and divide operations require more time for execution
than the rest of the computer operations. A special
counter is used to keep track of the multiply-divide
No dividend register

progress and stop the operation when completed.
The product-quotient register has been assigned an
addrees and is addressable from the operand address of the instructions SUB, AND, ADD, XOR,
STO, RSU, and CL,A. (Refer to Table 15.4-2 for a
description of inetruction codes. ) The answer will
remaln in the product-quotient register until another

multiply-dtvide ie initiateh.
Ultrasonlc delay llnes are utlllzed for short
term storage. The delay medium ls zero temperaturesoefflcient glaee. One bit of inJormation ls a 0.2mlcrosecond prlse whlch propagateg throqh the
delay medlum 8t the Epeed of sound in the medium.
Ceremle transducers are uged for energy converslo&

t6.4-28

Glass delay lines provide very reliable and stable
short-term storage along with simple instrumentation
The ma:rimum data rate of the delay Iine in
this computer is 2 megahertz. Thus, only one delay
line, delay line driver, and sense amplifier combination are required for storage of up to four different
logic channels. This time-sharing of the delay line,
plus driver and sense amplifier combination are required for storage of up to four different togic channels. This time-sharing of thedelayline, plue driver
and sense amplifier, is easily implemented by gating
tfie driver input and sense amplifier output with the
four computer clocks.
The delay line input ls actually provtded by
the delay llne clock oltput of the clock generator and
the delay llne driver ectc only as a loglc gpte. Thle
scheme helps to lncrease the read-ott tlmirry margln
and greaily simpllfles the delay llne drlver ctrcultry.
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sECIl0ll I5.5
DtscntPllo]l 0r
IHE TAU}ICH YTHICTT DATA ADAPTTR

r5.5.r GIItnr[ cHrnlcltRlsllcs

computer accumulator or from the accumulator or
memory.

The Latrnch Vehtcle Data Adapter is the input/
output device for the Launch Vehicle Digitd Computer
and the central statlon for the eignal flow in the Saturn

Table 15.5-1.

Astrlonica System.

r5.t.2

The LVDA includes the following circults:

o
r

.
o

Varioue regietera for bufferlng input and
output signals.
Delay lines

The characterlstlcs

d the LVDA are lieted ln

DrrA lDlPrn rtPUI/ ouIPuI
stGiltls

The lnterconnectlqrs betveen the LVDA and
the LVDC are ghoetr tn Ftgure 15. 5-1. Connectiona
between the LVDA end cqulpmant ln the IU may be
geen ln Flgure 15.5-2.

for real time, accumulating

aceelerometer pulses, storing interrupts,
Itne interrupt counters, and,awltch eelec-

The LVDA accepte dlscrete lnput slgnalg from
the stage Ssttch Selectorr, IU Command Recelver,

tor lnterrupt counters.

ground launch computer, Telemetry Computer Interface Unit, Telemetry Data Multlplexer, Control Dlstrihrtor, urd other vehble equipment. It has output
registere to provide dlscrete output signala to the
above mentioned equipment. It also accepts and proceBBeE LVDC lnternrpt signals from the ground launch

Porver supplies

for the LVDA and LVDC.

Digital-to-analog and analog-to-digital
converterg.

computer and the IU equpment.

o

Redundancy checkout clrcult including channel awitching, discrete output awitching,
and power eupply switching.

The LVDA transforme input and output signale
to a form that is compatible with the characterietics
of the recelving equipment, controls the drta flov in
the IU, performe certain slmple computatlon and
Iogical operatlona on data, and providee temporary
storage of data.
Communication wlth the computer ls cerried
out through Sl2-kiloblt per second seriel transmiaalon.
The PIO instruction permits the epecificetion of either
input or output operatlons ard addreeset the device to
be affected. A alngle 26-bit word ls transferred to the

The LVDA eccepte 2-phase regolver ualog
slgnele Irom the ST-12{M Inertlal PlaEorm Assembly
end converta these stSBeIB to a digital number prqPortional to the electrlcel rotation of the resolver. It
accepts and eccumulatea lncremental velocity inputs
from grey code lncrementel encodere on the platform
rccclerometers and cqrverte dlgital slgnals to analog
stgnela for use in the Flight Control Cbmputer.
The LVDA lnterlece hae been etandardized at
much as pocstble. Dlgital inputs and outpute vlll be
0 and 28 Vdc, except for lnputs fnom the optiayns,
telemetry transmitter, and Computer Interface Unlt.
The al3nd cheracterbtlco, alorg wlth the lnprt and
output clrcults, are Ueted tn Table 15. 5-2.

15.5-l
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Table 15.5-1 Data Adapter Characteristics
DescriPtion

Item

serial

Computer input-output rate

512 kHz

Power supplies

6 duplexed regulated dc supplies
2 ac resolver power supplies

Switch Selector

8-bit Switch Selector input
15-bit Switch Selector output

Discretes

7 interrupt inputs front the IU
13 discrete outputs
32 discrete inputs

Buffer register

26 bits
8bits I )
;oDlts
;,;:
/
)

Tab register
Mode register

Digital-to-analog converter

Analog

-to-digital converter

Provide communication with the RCA-110 Ground Control
Computer,
telemetry transmitter, and DDAS

8 bits plus sign, 2. 5 millisecond operation, three attitude commands,
arrd two spare outPuts
Equivalent of 17 bits Irom a 2-speed resolver

Platjorm

4 two-speed gimbal angle resolver inputs

Spares

10 single-speed

Delay lines

resolver inputs

3 four-charmel delay
1 four-channel delay

lines for normal operations
line for telemetry operations (DOM)

Telemetry
Command Receiver
data transmitter

14 bits for input data
38 data and identiJication bits plus

Computer Interface

15
10

Unit

validity bit and parity bit

bits address plus a data request bit for output data
bits for inplrt data plus datf ready interrupt

for output data plus discrete outputs

Output to launch comPuter

41 data and identi-fication bits

Input from RCA-110
Ground Control ComPuter

14

Number of components
(estimated)

38,000 Filicon semiconductors, cermet
components

Reliability

0.99 probability oI success

bits for input data plus interrupt

duplex special

resistors,

and other special

for 250 hours of operation; uses TMR logic,
circuits, duplex power supplies

Packaging

125 electronic page assemblies, plus special electronic assemblies

Weight

80 kilograms {214 pounds)

Volume

0. 1 cubic meter (3. 6 cullic f eet)

Power (without comPuter)

320 watts
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Tinring Gene_rator. The tinring gencrator is TMR and
generates tinring gates for the LVDA circuits as follo*'s:

o

Each word time

is approximately 82 micro-

seconds in duration and is divided into three
phase times of equal duration.

r

Each phase tinre is approxinrately 27.3
rnicroseconds in duration and is suMivided
into l4-bit times of equal duration. The
subdivision is accomplished by eight timing
gates.

o

Each bit time is approximately 1. 95 microseconds duration and is subdivided into four
equal clock times of 0. 488 microsecond
duration.

The timing generator receives four clock pulses,
one bit gate, and one phase gate per TMR channel, as
synchronizing srgnals lronr the LYDC.

Internal Control Drst rete Regrster. Certain fulctions
tne f,VDA -rst lr" .unttof fea by the LVDC. A
l3-bit register, very siurilar to the discrete output
register, is included to provide these controls.

*itt,i"

Sorne of the functions of these discretes are:

o

Control switching of duplex delay line
channels.

o

Selection of the duplex analog output
channels to be used.

o

Selection of coarse resolvers as backup of

fine resolvers.
This register is so constructed that the state
of any output can be changed without momentarily or
pernranently affecting the state of the other outputs.
Discrete Inputs. Discrete inputs are signals which
do not require storage within the LVDA. The LVDA
is designed to handle 32 ttf these inputs. Tlte LVDC
reads the discretes perioclically and perfornrs the
necessary program steps.

5

The discrete signals will be read in through
the digital input multiplexer which is TMR Groups
of these discrete inpute are treated as words by the
LVDC - one 24-bit word and one 8-bit word. Each
word is read by the LVDC as requested by a pIO
address.

"Digital Input Multipleler and

Serializer.

The digital
parallel
digital input words. The word that is to be serialized
will be selected by a PIO command from the LVDC.
The selection of the word is determined by the configuration of the nine address bits accompanying the
PIO instruction from the LVDC. The lnput selected
is serialized at a sl2-ldlohertz rate and is fed to the
LYDC accumulator.

intrt;

The digital input multlplexer is connected
with the following equlpment:
Computer Interface Unit
Ground Computer

Control Dtstrlbutor
EDS

Distrih.rtor

Command Guidance Recelver
Switch Selectors
The digital input multiplexer also provides
tenrporary storage of real time and gating signals from
the TMR delay line and the croasover detector counters
to the LVDC accumulator.
Channel Switching. To check the individual channels
within the TMR logic sections of the LVDC and the
LVf)A, both in the laboratory and on the launching
pad, a rneans of evaluating each channel separately
will be lrrovided. The channel-switching function
wiil be under the control of external ground support
equipurent or the laboratory test equipment. Signal
Iines from this control equipment will operate the
LVDA relays, which control bias voltages on the 3
channels of voters in the LVDC and LVDA, allowing
TMR or simplex operation.

15.5.{

Powrn suPPuts

The LVDA contains six duplexed dc power
supplies and one pair of ac resolver supplies. It can
tolerate supply voltage transients of t50 volts, 1 milli-

Examples of discretes are:

r

A signal fronr the Control Distributor indicating vehicle stage separation. r

o

A signal lrorn the Spacecraft inclicatittg

a

comnrand to start the thrust sequence of
0re S-IVB Stage.

second hal f -period duration.

The pulse-width nrodulated duplex power supprovide
regulated dc power to the LVDA and
lrhes
I,VDC by means of a dc-to-dc converter, from the
vehicle +28 Vdc supplies.

15.5-15
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Table 15. 5-2 Signal Characteristics
Internal Load

(
Signal Name

Resolver excitatiou

Signal Characteristics

26 Yr54o rms at 1016 hertz
12 volt-amps at 0. 9 power

Impedance

External Load
Resistance to

(kilohms)

Ground

Deslgn Goals

Rise

I

r"u

I?.

factor drlve per excitation
Inputs from resolver

5 Y+87o rms at 1016 hertz

20.

I

secondaries

l

to -I2.

6k (min);

24 Ydc

Ladder outputs

+12.24

Inputs from Command
Receiver

Down level: 0*8 Vdc*
Up level: + 24+8 Vdc

zl0

Switch Selector
feedback

Down level: 0+8 Vdc*
Up level: + 24+8 Vdc

zl0

Inputs from ground
computer

Down level: 0+8 Vdc
Up level: + 24+ 8 Vdc

:10

Discrete inPuts

Down

level: 01lJ Vdc
Up level: * 24'8 Vdc

>10

Interrupts from IU

Down

level: 0t 8 Vdc +
Up level: + 24+8 Vdc

zr0

except DDA.S

level: l0 mA="0"
UP level: 0* 50 /rA=r'1"

<o.ls.f

>_2

Inputs from ComPuter
Interface Unit

Down

DOM sync pulse from

Down level: 0* I Vdc
Up level: 7. 0 + I. 0 Vdc
I00 us duration reP rate
240ys + 5'70 evenly spaced

zr0

Down lcvel: 0+1 Vdc
Up level: 7.0+1.0 Vdc

250

telentetry

Inputs from optisYns

Switch Selector outPuts
Reset and read
command drivers
Stage

drivers

Address drivers

(

TDI- drivers to CIU &
telemetrY transmittet

Down level: +*
Up level:221. 5;529. 7 Vdc

[>zeo
I . o. o4i r.rf

Up level: 2 2I. 5rS29. 7 Vdc

I , ,,,,,
I I o.o4brr

Down level: **
Up level: 2 22. 5;529. 7 Ydc

I . ,,on
I s o. oz25 p.f

Down

level: **

[)own level: 0 '2 Vclc
Up level: >22.5;J29.7 Vdc

L

lJ

,.5k=rook

o ooss,r

t

S 0.1 ms

Sl

!0.lms

Slms

S 0.1 ms

Sl

5ps

J

ms

ms

50 prs
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Table 15.5-2 Signal Characteristics ( Cont)

\_

Internal Lod
Signal Characteristics

Signal Name

Down

Command Decoder

level: 0*2

Impedence
(ldlohme)

Ground

Deeign Goals

Rise

I

r"rr

zl.?k

Vdc

S 0.005 pf

Up tevel: > 22. 5;<29. 1 Ydc

level: 0t2

External Load
Resistance to

35ps

21.5k

SDt driverg to
tolemetry transmitter

Down

Up level: 222,75;329. ? Vdc

3 0. 00375

SDI, mL, SDH drlvers
to grannd comprter

Down level: **
Up level:]23;329. 7 Vdc

S0.045

Vdc

3 50

pI

sDrll.125 k

S0.l

ms

Sl

F.s

ms

p.f

sDL2r.5k
pf

S0. 0,15

sDH 3000
S 0. 045

TDM dlscrete otputs

Dwn level; r.

:l22Oil0%
S0. 0375 pf

Up level: 221. 5;529. 7 Ydc

*

tr

r5.5.3

+*'l

CIRCUIIS At{D

IHI

equal to 0 +100 pA

ruilCIl0lls ltl

o

I,YDA

Tlpical functions performed in the LVDA are
the following:
Category

I

ca'iegorY

Control data flow, including

tr

[ffr:r'j:]itffi *:H#
Category

III

r

Digital-to-analog, analog-to-digital, and
signal level conversions.

r

The formation of 40-bit launch computer and
telemetry words from 26-bit LVDC words.

r

Buffering of communications between the
LVDC and the ground-based launch computer to reconcile the difference in clock
rates.

Perform certain simple compurosical operat ions

:il"#|frl

The following functions are typical of those
lncluded in CategorY I:

r

The storage of telemetry data f rom the
LVDC and LVDA in the buffer registers.

o

The temporary storage of CIU addresses
durtng orbital checkout.

The transmission of guidance data from the
LVDC to the andog Flight Control Computer.

Operations which require a change in the form
of the data include (typical of those in Category tr).

temporary storAge,

15.5-8

'f*tl

open.

** Output current at down level is
*** lrf6t determined.

{

pf

The LVDA contribr'rtes to the efficient operation of the LVDC by performing many simple, though
tlme-consuming, Iogical and computational tasks,
such as (typical of those functions performed in
Category trI):

.

.

Keeping track of real time.

o

Decoding of operand address in PIO
operations.
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available to the LVDC during phase B via the digital
input multiplexer register and the serlal latch.

CIRCUIT DESCzuPTIONS

For the following descrlption of various circuits in the LVDA, refer to Figure 15. 5-3.

The velocity aecumulations, which are the
processed outputs of the accelerometer optisyns, are
arranged to provide duplex redundancy, matching the
duplexed optisyns. One line contains outputs Z1 and
X2, another X1 and Y2, and a thlrd Y1zndZ2. When
the LVDC calls for a given velocity accumulation, it
receives the processed output of one of the optisyns
on the selected accelerometer during phase B and the
outputs of the other optisyns on the same accelerometer during phase C. These 2 values are processed
separately in the LVDC such tlat any one of the delay
lines or any optisyn could fail without failing the

Delay Lines. The LVDA contains four glass delay
lines which serve as temporary storager. The delay
lines will be connected together as follows:

o

Three delay lines are used in a redundant
manner for nornral LVDA operation.

.

One delay line

is used for telemetry

operations.

system.

The triple modular redundant delay Iine is
organized around the LVDC timing such that the information it contains remains synchronized with the
LVDC operation cycle. The total circulation time of
the delay line and its associated electronics is equal
to the basic LVDC operation cycle time of 81. 9
microseconds (42-bit times). The delay line is divided into three 14-bit word times corresponding to
the three LVDC phase times. Furthermore, the four
clock times into which each LVDC bit tinre is divided
are used to time-share the delay Iine among 4 "chan-

nels" of 512-kilohertz serial information. Hence,
twelve 14-bit words can be stored in a single delay
line by operating the line at a 2.048-megahertz rate.
Table 15. 5-3 illustrates how these word locations
are used.
In performing a PIO opt,ration, the LVDC sends

or looks for inJormation only during phase B and C
times. Real time is assigned to a phase A word time
to facilitate the use of real-titne inJormation in the data
output multiplexer. However, real time is made
out

The real-time accumulation is voted upon in
TMR voters during every circulation; thus the values
in all 3 lines will always agree. The duplex operation
of the accelerometer processors does not allow voting,
so there is no guarantee that the absolute value of the
2 readings will agree. Real time is accumulated in
246. 1-microsecond increments, while the Ieast significant bit in the velocity measurement has a weight
o{ 0.05 meter per second.
The delay line channels with data written at
X (channel 3) and W (channel 2) clock times are used to
time two of the lunctions in the computer program.
Both of these functions occur during phase B. Timeto-go until the next LVDC interrupt for Switch Selector
operations is counted down in channel 2. Time remaining before the start of the next minor loop is counted
down in channel 3. These 2 countdowns occur at a
rate of one count every 492.2 microseconds, and will
generate an interrupt when they pass through zero.
The length of the count will be determined by the L\rDC,

Table 15. 5-3 Use of Word Locations in the Delay Line
Phase Time

Digital Computer

Number

Write
Time

1

Z clock

Spare

Spare

Interrupt storage

Read channel

2

w clock

Spare

Switch select or

Interrupt limiting

Write channel

Interrupt inhibit

Write channel

Velocity accumulation
X2, Y2, or 22

Read channel

Channel

Phase B

Phase A

Phase C

Use

interrupt countdown
3

I

4

x

clock

Y clock

One-millisecond

Minor loop interrupt

countdown

countdown

Real-time
accumulation

Velocity accumulation
21, X1, or Y1
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ir io;rds a value of tinie-to-go to initiale each
-1ount. AIso, during phase A of channel 3, a 0.8millisecond delay for ust' in the digital-to-analog
converler is generated b1'counting 10 t'irculations
u,irre

of Urt' dtlav line.
LVDC interrupts are storecl cluring phase C of
channel 1. Once the LVDC recognizt's an intc'rrupt, it
will set the corresponding bit in phase C of channel 2,
and will reset this bit in t:hannel l. The associated
circuit will prevent a new interrupt front being recognized in this bit position until the previous interrupt
has disappeared. The only constraint, therefore, on
the length of the interrupt signal will be that it must
last for at least 81.9 microseconds, the circulation
time through the detay line and associated circuits.
Interrupts may be stored without being recognized by
setting the corresponding bits in phase C of channel 3.
Channel 1 may be conveniently read by the
computer, while channel 2 may be conveniently written into from the computer. As many as 3 of the
normal 14 bits may be sacrificed if it i6 desired to
use either of these 2 channels in the opposite manner.

(_

Interrupt Register. As a means oI notifying the LVDC
that immediate attention be given to an external operation, an interrupt line is wired {rom the LVDA to the
LVDC. The interrupt register (detay line) is capable
of accepting 12 different srgnals and storing them until
the LVDC has acted upon thenr. The signals are OR'ed
together so that only one interrupt line to the LVDC is
required. AJter an interrupt, the LVDC branches to a
subroutine to read the interrupt register by nreans of
a PIO operation. A computer anaiysis is Ulen made,
testing the highest priority bit positions first in case
more than one interrupt signal is stored in the register. During this testing, the LVDC stores the contents of the memory address register and the instruction counter and branches to an interrupt subroutine.
While in this subroutine, the LVDC does not recogJnize
further interrupts. The next to last instruction of the
testing the highest priority bit positions first in case
more than one interrupt signal is stored in the register. During this testing, the LVDC does not recognize
further interrupts. The next to last instruction of the
interrupt subroutine is a PIO instruction addressed to
the interrupt register to reset the $articular bit causing the interrupt. The hardware provides a time delay
to prevent further irnmediate interrupts from the same
source, The source must disappear and return belore
another interrupt is honored from that source. This
prevents slow-acting devices such as relays frtlm regenerating interrupts while they are being activated
by discrete outputs which occur during the interrupt

15, 5-10

subroutine. Each intemupt signal must be at least
84 nticroseconds in duratlon to assure storage in the
delay line.

The LV-DC is also capable of inhibiting the
interrupt, as comtllanded by the program, with PIO

instructions whenever tlre function of the subroutine
warrants this precaution. Examples of interrupts
are:

.

An interrupt which is timed to ensure
regular processing of guidance data;

o

An interrupt from the CIU indicating that
requested data are available.

Nine of the interrupt signals will be generated
external to the LVDA and LVDC and three wili be
generated internal to the LVDA and LVDC.

Interrupt Circqits. The operation of the interrupt
circuits is as follows. Upon receipt of an interrupt
signal, the LVDA will insert a bit in a time slot reserved for this particuiar interrupt in a TMR delay
Iine register called the interrupt storage register.
When the bit is placed in the register, the LVD'A signals the LVDC that an interrupt has been received.
Upon receipt of the LVDA interrupt signal, the LVDC
will read the interrupt register and determine which
interrupt has been received. The LVDC will t}ten
insert a bit in the corresponding time slot in another
delay line register, called the interrupt limiting
.rt,gister, to indicate that the LVDC has acknowledged
that particular interrupt. The logic of the interrupt
storage and inhibit registers will be so arranged that
once a particular interrupt appears, at t}re LVDA interface and interrupts the LVDC, it will not be capable
of causing another interrupt unless it disappears and
reappears again. Another delay line storage register,
called the interrupt inhibit register, is provided.
When ttre LVDC places a bit in a particular time slot,
this bit will prevent the corresponding bit in the interrupt storage register from interrupting the LVDC.
Any combination of bits may be placed in the interrupt
inhibit register.
Switch Selector Register. This register is loaded by
the LVDC whenever the computer wishes to give commands to specific vehicle devices such as fuel valve
controls. The register has a 15-bit storage capacity
and is loaded by a PIO instruction. The register thus
controls the outputs of 5 Switch Selectors located within
the stages of the vehicle. The 15 bits are used as

follows:
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a

Eight bits nrake up a relay code which is
distritrrted in parallel to cach of the 5
Switch Selectors.

o

Five bits determine which Switch Selector
be activat';d (no more than 2 selectors
nuy be addreesed at once).

will

o

One bit commands the assigned Switch

Selector to activate the device selected by
the relay code.

o

bit resets all Switch Selector relays
which were turned ON by the previously
deecribed bite.
One

The Switch Selector register contains both
TMR and simplex circuits. The characteristics of
the outputs are as follows:

/

r

One reset output

I

One read output is TMR.

r

Five stage-select outputs are TMR and
capable of driving the stage-select i.nput of
one Switch Selector.

o

is

TMR.

EightSwitch Selector code outputs ar.e'
simplex and capable of driving simultaneously 2 Switch Selector code inlruts.

Switch Selector Feedback

Inputs.

When the Switch

usly described, the
relay tree feedback linc,s are tested to assure that thc
code was set properly by the LVDA. Eight lines florn
a separate set of contacts on the code relays contain
ttte complement of the data word used to set thc code
relays. These lines are inputs to the LVDA which do
not require storage and are addressed by the LyDA
in the same manner as other discrete inputs. This
feedback word is separated from the other discrete
inputs so that the word may be processed more easily
in the computer when comparing it with the word used
to "set" the relay code.
Discrete Output Register. Certain functions within the
vehicle, excluding tlose controlled by flre Switch Selec_
tor register, are controlled by a l3-bit TMR discrete
output register. An example o{ one {unction, which
is controlled by the discrete output regi.ster, is a
signal to the laurrch computer.
I

To ease prograrnmlng requirt.rncnts for changing specific discretee while not affecting oUrers, the

discrete output register is not loaded in the same way
as the other registers. If certain discretes are to be
activated, a PIO instruction is set up to address the
"set" side of all latches in the register. Conversely,
if certain discretes are to be deactivated, another
PIO instruction selects the opposite or "reset" side
of all latches in the register. The desired bits in the
register are changed by placing "ones" in the corresponding bit locations of the data word transferred to
the register from the LVDC, while the unchanged bit
positions have "zeros" in tle data word. Thus, the
state of any output may be changed without momentarily or permanently alfecting the state oI the other
outputs.

Buffer Register. The telemetry btrffer
register is a 26-bit storage register capable of providing 26 outputs in parallel. The reglster has 11
simplex bits and 15 TMR bits. It will be loaded by
LVDC PIO operations or by the LVDA data output
multiplexer.l The register provides part of ttre interface required for transferring data to the telemetry
data multiplexer and ground computer, and stores
addresses for communication with the CIU. The CIU
will be driven by the TMR portion of the register.
Separate output drivers will be provided for driving

the grouncl support equipment.

The output of the bulfer register is provided
in parallel to the telemetry nrultiplexer, the ground
computer and the CIU. These systems read data from
this register asynchronously with respect to LYDC
timing.

Uglg rygrglgl. The mode register is similar to the
buffer register and other l-word registers loaded by
the LVDC. It provides storage for a 6-bit computer

word which defines the r:onrputer rnode of operation.
Whi.le contrnunicating with the launch computer, these

5 outputs are read in parallel by the launch computer.
The telemetry data multiplexer reads three of these
outputs when transnritting computer telemetry words,
hrt real-time inJormation data is substituted for these
bits when LVDA data is transmitted. A pIO instruc_
tion loads the mode register from the LVDC. Three
of the bits are loaded into the mode,/real time register
whenever the LVDC loads telemetry data into ttre
buffer register. AII six of the bits are transmitted to
tlte ground computer of other ground support equipment
through separate line drivers.

lgg_&ggrplqf The ti-bit tag register is used to trans_
mit identification bits fr>r data treing sent from the
hu-fler rt,gister to thc tsround launch corrrputer and to

thc. rel e nretry

daia,,Dd{plexer.
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Register. The 5-bit mode,/rea-l-time
register performs the following iunctions:

Modez/Real-Time

(

o

When data

o

When data

is loaded into the buffer register
from the LVDC, the mode/real-time register contains one validity bit, three mode
bits and one address bit.
is loaded into the bulfer register'
from the LVDA data output multplexer, the
mode/real-time register contains 5 bits
Irom the real time counter in ttre LVDA
(except during time error identification
operation at which time it will contain 5-bits
from the real time counter). All outputs
of this register are transmitted to the telemetry data multiplexer. The real-time/
address bit is transmitted to the ground
launch computer.

Vatidity Bit Generator. Since the telemetry data
multiplexer addresses the LVDA asynchronously with
respect to LVDC timing, it is possible for telemetry
words to be read while they are being changed by PIO
operations. However, data read at t}tis time are invalid. Therefore, a signal must be included in the
telemetry word which indicates the validity of ttte
word. The validity bit generator performs this function. Data are invalid any time the computer mode
register, tag register, and hruffer register are being
loaded.

The validity bit generator is a 1-bit simplex
register which is turned ON whenever LYDC telemetry data is being loaded iato the buffer register. This
bit shares a bit position il the mode,/real-time register with one of the real-time bits.

s9IgI319I. The LVDA has a 1-bit TMR
data request generator as an output to the CIU. The
presence of this bit informs t}re CIU that an address
for rt rs in the buffer registe,r. The bit is turned OFF
by an interrupt from the CIU.

P:.ta_ESglSEt

Parity Generator. To ensure that LVDC data sent out
over t}re radio frequency telemetry link to ground
equipment is received without error, a parity bit is
included in each 40-bit data word sent out by the LVDA.
The telemetry data word is formed from 3 subwords plus a validity bit. The validity bit however, is
not included in the parity check Odd parity is used.
This means that, excluding the validity hit, all the
"ones" in the 3 subwords, plus the parity bit, add up
to an odd number. The easiest way to generate total

15.5-12

parity is to generate an individual parity bit for each
subword. The three parity bits are then checked for
total parity and a resultant parity bit is generated.
Ready-Bit Generator. During orbital checkout, the
computer examines various parameters which are
monitored by the telemetry system. The LVDC obtains one of these inputs by sending a CIU address to
the buJfer register. This 15-bit address is compared
in the CIU address comparator. When comparison
occurs, the telemetry word is stored in a 10-bit register whi.ch is read by the LVDA. Another line interrupts the L\rDC to notify it that data are available.
Sinee the buffer register is continuously eonnected to the CIU address comparator, as well as the
telemetry data multiplexer and the launch computer
interface, it is necessary to indicate to the address
comparator when the buffer register data are ready

for comparison. This is the function of the ready-bit
generator. The "ready-bit" is turned ON after tle
15-bit address is loaded into tlte buffer register, under
control of a special PIO instruction. The bit remains
ON until aIter the address has been compared and the
10-bit data word has been stored; it is turned OFF by
the line causing tJle computer interrupt.

Error Monitor Register. The error monitor register
is a simplex register for storing disagreements beo
tween the inputs to ttre various voters in the LVDC

LVDA. It also stores some disagreements
circuits. The LVDA has the capability of addressing this register upon command from

and

bt-,tween the duplex

the LVDC through the data input multiplexer and telemetering it through the data output multiplexer. This
register contains 26 bits.

Time-Error Identification. To ensure proper error
identifi"atior, the co-p"ter program location, bit
time, word time, and the source of error are
telemetered.
Address Generator. During PIO operations, the LVDC
must select a register in the LVDA which contains or
receives the input-output data. The address of the
selected register and the correct data are determined
by the operand bits of t}te instruction word along with
the PIO control lines from the computer. These functions are performed by the address generator. The
address generator is TMR and decodes nine address
lines from the LVDC upon receipt of a PIO instruction.
The decoded address selects a register, or other
circuit in the LVDA that the LVDC desires to send data

to or receive data from.
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An exarnple of a. duplc'x redundartl powel supply
.s shown in Figure 15. 5-4. Two regulatecl power
supplies at't, t ortnected in parallel. In each power
.supply, two feedlack anrplifiers are used in a duplex
arrangenrent because they have the lowest reliability
of the circuit. If one of the arnplifiers falls, the isolation diodes allow the ptlallel amplifier t(-l ('untlnue
the regulation of the powel' convertt'r. To furtht'r

reltability, dc-to-dc power converters ill
thc sarne chplex supply flrt' t ,rrltl€cted to different
.2tJ Vdc vehicle suppltt's. This allows one +28 Vdc
..vetiidla aupplv tr, faii without a duplex supply failure.
T'lrr r lgulated vr.lltage supplies are: one +20 Vdc sup1rlr, one *12 Vdt' supply, two +6 Vdc supplies, one
-3 Vdc supply, and one -20 Vdc supply.

anrplifirl cilcuitry. The fundenrental component ot
the square wave is obtained by filtering, ard lc mpllfied to a 26-r'r,lt levt,l which is adequatc lo drlve tlp
resolvt'r$. The 26-volt level lt rulilrlr{ by rn
.rnrplitude sensltive fcedhck

.

circuit.

Thc hermailc

content is redrcd by ftlterirg. Thls liltcilr5 tr
at'conrplishe.d by incorporating frequency selectlve
feedback teehniques in the amplifier circuitry.

increase

The ac power supply generates a well-filtercd
srne wave lor excitation of various resolvers in the
IU. Thc 1016-hertz frequency neecled to drive the
resolvers is obtained by counting down frotn computer
tinring pulses. T/ris is acconrplished with a 3-stage
ring counter followed bY a latch.

The resolver lrequency source is duplexed ln
e., each source supplies power for half ol
the resolver inputs in such a nranner that fine rnd
coarse resolver excitatiou for any input pa.rameter
is not supplied by the same aource. Since flne ard
coarse inputs serve as a backup lor each othcr (un&r
the proper prograrn control), duplex redundancy lr
used for the excitation source.
& sense, i.

Associated with the power suppliea ore co[-

trols to:

A variable clipper controls the anrplitude tlf
thr-, 1016-hertz square wave obtained froln Ure counter.
The t'lippinu level is set by level-sensing detector-

Vehicle +28Vdc No.

Exci

o

Provide channel switching (rnethod ol aelecting one of the TMR channels for checkout) in the LVDA and LVDC.

r

Provide power sequencing where requlred
under ground equipnrent control.

Vehicle

I

totion

Frequency

Feedboc k

Amplifier

Feedbock

Amplifier
Reguloted
DC Voltoge

Figure 15.5-4 Redunclant Power Supply Block Diagranr
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IilPUT.OUTPUT DATA PROCESSI}IG
The solution to the navigation, guidance, and
control problems of the Saturn Launch Vehicles
requires processing of most input and output data by
the LVDC/LVDA system. Generally, this processing
is required for equipment compatibility, temporary
data storage, and data transfer. There are six processing areas defined in the basic LVDC /LYDA
scheme. These areas are:

o Gimbal angle processing
o Accelerometer processlng
o Switch Selector processing
o Interrupt processing
o Telemetry processing
o Attitude command processing
Gimbal angle processing is an example of the complex
processing required for data compatibility. The
LVDA receives this data from the ST-124-M Inertial
Platform Assembly (hereafter referred to as the Platform) in sinusoidal form and must then convert this
intelligence to an acceptable digital form before the

utilize it. The data is then
within
LVDA
stored
the
until called for by the flight
program. A PIO instruction then transfers the data
to the LVDC.
LVDC flight program can

The processing, which is detailed in the following paragraphs, is a cornbination of flight programming, timing, and LVDC,/LVDA circuitry and logic
The preceding sec$ons in this chapter, as well as
Chapter 11, will be helpful in understanding how this
processing is accomplished and how t}le resultant
input-output data is actually used by tie flight program.

GIMBAL ANGLE PROCESSING
The pitch, yaw, and roll gimbal angles are
measured by resolvers in the Platform. A dud
resolver, coarse and fine, is used for meagurement
of each gimbal angle. The coarse ratio is 1:1, while
the fine ratio is 32:1. Through electrlcal phase
shifting, the two ratios are converted into three ratlos
r l:1, 2:t, and 64:1. In the case of the 64:1 ratio,
each mechanical rotation of the resolver shaft will

cause 64 electrical rotations to occur. The three
ratios are designated as coarse, baekup, and fine,
respectively. Since the fine gimbal reading is the
most accurate, it is normally used in the processing
scheme. The backup ratio, as its name implies,
Eerves as a backup reading in case of malfunctions
or errors. The coarse ratio is not used.

Figure 15.6-1 is a block diagram of a typical
resolver system. The diagram incorporates the
resolver located in the Platrorm and part of the
LVDA circuitry. Two sinusoidal output voltages of
the resolver secondaries are transmitted to an RC
phase and shaping network in the LVDA. The waveforms are then sensed for their zero "crossover"
points by 2 Crossover Detectors (COD's) . The start
COD output signal starts counters A and B at the zero
crossover point of the positive going wave. The
counters are stopped in the same manner by the output from ttre stop COD.
The overall flow diagram of t}re resolver
signal processing is shown in Figure 15. 6-2 . TVo
l.dentical 11-bit counters operate at the 2.048 MHz
oscillator frequency. The two outputs are sent to the
counter selector circuit, where one of the counters is
selected, and its contents serialized and sent to the
LVDC. The counter outputs are also sent to a subtract circult where a diJference is taken (A-B). If
both counters are working properly, the difference
(A-B) wilt be zero and either counter can be used.
The limit checking circuitry is such that iI the di-tference is witlin t}te limits of -4 and +3, elther counter
can be used. If the diJference is greater than these
Ilmits, a disagreement bit will be set. The disagreement bit is part of the gimbal angle word
placed in the accumulator when a gimbal angle PIO
is issued. A decision must then be made as to which
counter reading is correet. A compa.rison between
individual counter readings and past readings is made
by the flight program, and the best counter will be
used. The checking process is repeated in hopes that
both counters will work properly at the next readirg.
II a disagreement bit is set by three incorect readings
of the same angle during one computation cycle, the
15.6-1
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two pairs ol sttrusoidal signals, oue pair is relerled
to as the direct chanttt'l and the other pair as the
rrrclulldant crltantrei. Each parr of signals consists (,
two stnusoicial waves approximate'ly 90 degrt't's out
oI tinre phasc. Tlrt'st' si1 Ilals al'e passt (l thrrlu1.ti tlrr'
Accelerometr:r SignaI Conditioner fol rval t' sltal,:rrtl
I)urlloses br:fore bt'tng received by thr L\ DA.
Chapl('r 14 <:onlaitrs dotailed inf orttlattutr ',rr llr('
ac ct, It.,t'rttttetel assentbl 1' and the Ac ce lt' t',ti i ltt' r
Signa I Conditioner.

Hz

xci toti on

E

Resol

ver

PLATFORM

LVDA
Phr rse

Phc se

Ner work

Net work
V2

Stop
Two

ll-Bit
To

Figure

15.

Stort

Counters (A &

B)

LVDC (PlO)

6-1 Resolver

Svstem Biock l)taqrattr

disagreement bit will be inhririted. strtl tlrt' {o'r{ 1'egn'
ter will be used throughout tht' r'r'rt.atrrtter trl the f light.
ACCELEROMETEIT

PITOC T:SSIN(;

The Platfrlrtrr ('untains thl'ut' accelcronteters,
which serrs€ BCt t'leration in each oI the three (X, Y,
and Z) orthogonal directions. Ar:ct:lt'r'.rtion is rndicated as a shaft rotation: the speed of rot:ltion being
proportional to acceleration. Since acr:eleration
causies the acceleromett'r sha-ft to be displaced as a
function of time, the shaJt position (with respect to a
zero reference) is proportional to velocity, and the
acceleromgter is referred to as an integrating accelerometer,
Each of the accelerorneter shajts is linked tt.r
an optical encoding device called an optisyn' The
optisyn converts the accelert)nt(f tL'r shaft rotation to

,

15. 6-2

The LVDA. by means of accelerometer porl,rqit', rt'ct,ivt's the vt'locity information from
tlr(.,rl)tisvns ;trttl t:onvt'rts it lnto a form that can be
utilizecl by the LVDC. The LVDA accumulates veloeity
:ls n)..:,rsur'(,d by the Platform, and the LVDC attempts
t() (lt.t(,i t \'(rlocity errors through reasonableness tests.
c( ss,)r'

Eaeh pair oI signals generated by the clptisyns
appears at the LVDA as two voltages displaced in
tilne as sh<,rwn in Figure 15.6-3. The frequency of
theser square- waves is directl-v" llroportional to the
char.rge in velocity sensed by tht' accelerometer. The
LVDA tt'sts thc r,'irltage level of each signal ev('r\
82. U3 nricrosr'cotttls. As illustrated in the ligure.
there are four unique cotnbinat.ions of voltage levels
definablc at the tinres t1. t2, t3. and t4. The resulting
code proqlt'sses in a positive direction as follows:
01, 00, 10, 11, 01, etc. It should be noted that this
code does not progress in the salre n)anner as a true
binary code: 00, 01, 10, 11. 00. etc. Instead, it
changes oniy one bit at a tinle, and is called a reflectecl
binary coclt' (The tcrnr "gray crde" is also used, )

I Irt,)Lv'l-lA recognizes changes in the optisyn
{}uli)ut .sigrrals as lncrements in velocity' The f requency
,ri the square waves is 1500 cycles per accelerometer
head rervolution. Theref<-rre, one revolution of the
acceleronreter heacl presents 6000 incrc'ments of
velocity. Srnce the accelerometer integrates acceleration at tlrt' rate oi 300 nrttters per second in one revoiution, thr, rr'solution of the system is 0.05 nreters per
st r:ond tor eat'h incretrtent.
An optisyn cycle is a progression through all
the bit configurations that the optisyn can generate
before it begins to repeat itself. Since the range of
optisyn cycles (velocities) attained will be large, it is
necessary to provide a means ol counting and storing
the nunrber of optisyn cyclr,'s for prrlcessing by the
LVDC. The coutrt and sttlre functions are llrovided

in tir(' LyDA by three clulllerxecl accutltulators called
at,'ct'lcronlt'ter processors. These processors ('onsist of cliannel 4 ol each ol tht- three TMR delay lines.
and the asso<:iatcd logic circuitry. The storage
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SWITCH SELECTOR PROCESSING
The Saturn V system utilizes the computing

!-system Ior control of mode and sequence of functions
in all stages. The Switch Selector provides the com-

nrunications link between the LVDC7'LVDA (through
the control distributor), the IU, and each stage. The
Switch Selector is the device that has direct control of
functional operation of the equipment on each stage.
The sequencing scheme has the capability of selecting
five Switch Selectors in the Saturn Vehicle - one per
stage, one for the IU, and one spare (see Figure

4.2-l).

Control oI the individual units is commanded

by the LVDC.
Each operation of the switch selectors and the
pr(.,c(,ssrng cotnponents requires a PIO instruction
u'orcl froni lnemory itr accordance with the stored pro-

!

Ei!'arn. At the proper point in the program, the comlluter will issue commands to initiate and operate the
Switch Selector sequencing. These instructions will
utilize increments of 15-bit Switch Selector computer
words by translerring these bits to the LVDA from
either the accumulator or a location in memorY
(through the transfer register). The I 5-bit word is
divided as follows: 5 bits for stage addressing, 8 bits
for commanding an operation within that stage, 1 read
bit, and 1 reset bit. The 1 5-bit Switch Selector regrster output is applied to each of the S*'itch Selectors'
To increase the reliability of the operation, a two-
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Figure 15.6-4 TMR Delay Line Conliguration
sensr cl. a "1" ts acided to the 10 high order bits. Con( r\r l\,. l[ c(]n]l)letion of a negative cycle was sensed,
.r 'l i5 sut)tra( t('d. The 10 high order brits are left
tul:. l,.r:rlit'd il ar) Llptisyn cycle has not been conipleted'
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way communication between the LVDC./LVDA and the
Switch Selectors has been established. The LVDC/
LVDA transmits command data to the Switch Selector
and the Switch Selector transmits the complemertt of
the command data back to the LVDCILVDA ior verification.
Switch Selector processing is accomplished in
the following {nanner: (see Figure 15. 6-6). The systerrr is first tested for a hung stage by the Switch Selector routine. The program then issues a PIO instruction which loads the Switch Selector registers. The
1s-bit computer word includes one oI the five address
bits being set to select the stage for Switch Selector
operation along with a coded command word indicated
by the eight command bits. The other two bits, the

reset bit and the read bit, are zeros. At this time, a
time deiay occurs which is determined by the Switch
Selector interrupt counter (18 milliseconds minimum).
This delay is required to a-llow time for relays in the
addressed Switch Selector to function. After the delay,
the progranr issues another PIO instruction that loads
the original eight command bits into the accumulator
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Figure 15.6-6 Switch Selector Processing
in complement form. The computer program then
checks to verify that the feedback bits are the complement of the original command to the Switch Selector.
There are two alternatives available at this point: U
the feedback bits are correct, the program issues a
word that sets t}te register bits to zero (except the
address bit - for telemetry - and read bit). This
turns ON the function that was selected by the original
computer word. The read command must remain set
for at least 25 milliseconds. U the feedback bits are
incorrect, the program issues a PIO switch selector
code with all 15 bits being zeros except bit 14, the
reset bit. The operation then must assume a delay to
atlow all relays in the selected stage to reset. After
the delay, the program issues a PIO instruction t]rat
sets t}te complement of the original command word
along with the stage select bit or address. Due to the
dr.ral command decodirg ability of the stage Switch Selector, this operation can select the same stage operation. The program must then go through another delay

as determined by the Switch Selector interrupt counter.
At the termination of the delay the program issues a
PIO Srvitch Selector ls-bit word which is all zeros
(except the address bit and read bit). This allows the
commanded stage operation to be actuated.

Further information on the Switch Selector and
be found in Chapter 4.

its operation may

INTERRUPT PROCESSING
some event should occur that requires imby the LVDC flight program, an
attention
mediate
interrupt signd is generated which sends t}te program
to a special subroutine. Once the cause of t}te interrupt signal has been dealt with, the computer returns
to the main program and continues on from the point
of interruption. At present, three interrupt signals
are developed internal to the LVDC /t VOe; minor
loop interrupt, Switch Selector interrupt, and simul-

If
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Figure 15.6-7 Interrupt Processing Logic
taneous duplex memory error interrupt (TLC). One
interrupt comes from the Saturn Ground Control Computer, and the remaining eight interrupts are developed
by various control elements in the spacecraft.

Interrupt prtrcessing requires the use of the
Phase C time of three channels of the LVDA delay

line. See Figure

15.6-4.

AII of the interrupts to the LVDA are clocked
individually and are OR'ed together so that when an
interrupt does occur, it is sent over one line (SINTA)
to Channel 1 of the Delay t,ine. Set' Figure 15. 6-?.
Each particular interrupt bit ean be identified by the
bit time that is st'nt to the delal- line. Since only one
interrupt is processed at a tittle, .r t'ertain priority is
s('t up. This priority depends on the order that the
various interrupt input lines are sampled. Upon leaving the delay line, the interrupt bit sets an interrupt
computer latch (INTC). The output is sent to the
LVDC to initiate an interrupt subroutine' l{ any other
interrupts are encountered during the process, these
bits are also put into the delay line, and upon completion of ihd present interrupt subroutine, the new
interrupt is then dealt with. Once the LVDC interrupt
subroutine is completed, an interrupt reset bit is sent
to the second channel of the delay line in the LVDA.
This reset bit corresponds in relative time to the
interrupt bit in Chamel I that it is meant to reset.
The INTC signal being sent to the computer is reset.
After passing through the delay line, the reset,bit sets
a latch (Crm = 0) for one bit time, and effectively
. auses a delay of one machine cycle. This disables
-the AND gate to Channel I of the delay line. This is
15. 6-6

necessary in the event that the mechanism feeding the
interrupt signal to the delay line (such as a slow-acting
relay) had not yet reset its interrupt signal, another
interrupt process would not be started. If the original
interrupt had disappeared (SItttA = 0), the process
stops g.nd the next interrupt, if any, is then processed.
If the original interrupt has not yet reset (SIUte = l),
the reset bit is recirculated in Channel 2 of the delay
line until the interrupt does disappear.

If for

some reason, the programmer does not
desire a certain interrupt signal to be processed, a
PIO command will be issued to inhibit any or all
interrupts that might be sent to the LVDC over the
INTC line. These inhibit bits are fed into Channel 3
of the delay line and correspond in relative time to
the interrupt bits of Channel 1 that they are to inhibit.
When an interrupt signal is produced (but an interrupt
inhibit signal is also produced), the interrupt signal,
ClRD, is ar:tivated as usual; but the interrupt computer signal, INTC, is held off since f3H equals 0 for

that bit time.

TELEMETRY PROCESSING
In order to monitor conditions existing in the
LVDC and LVDA during flight, the Mod 410 Digital
Multiplexer (Chapter 5) samples inlormation contained
in telemetry registers within the LVDA at a rate of
240 times per second; i. e. , every 4. 17 nrilliseconds.

These registers are recipients of two specilic types of
telemetry, LVDA telemetry and LVDC telemetry' The
differences that distinguish the two types arise not only

fronr where the telemetry information originates but
alsr: the method of processing this infortnation.

Astrionics System
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LVDA Telemetrv

Inlurnution handled by the t,VDA is deaignated
t0 lx. telemetered tf:

o

The rnf(,r'rnatlon (other than LVDC tele-

metry information) is passed between the
LVDA and LVDC.

o

The LVDC issues a PIO instruction
requesting information to be telemetered
by the LVDA.

o

Equrpnrent

metry word is created u ith,rut the issuance of a PIO
instmction by the LVDC. The error monitor register
stores disagreements between the inputs to certain
voters and duplex circuits in the LVDA and LVDC.
When an error occurs, an error time word is forced
into the DOM. This word contains real time, phase
time, clock time and the bit gate at which the error
occurred, and the instruction counter setting at the
time of the error. With this information the circuit
causing the error can be determined.
LVDC Telemetry

error is indicated by an error

nlonltor register.

Any information available to the LVDC can be
of LVDC telemetry. By issuing a telemetry
PIO instruction, the LVDC circumvents the DOM and
loads the tag, real time,/mode validity, and buffer
registers with an LVDC telemetry word. This operation destroys the current contents of these registers
thus giving the LVDC telemetry precedence over
LVDA telemetry. However, a DOM word destroyed in
these registers is still stored in the DOM and will be
read agaln into the register at the occurrence of the
made part

The existence of any one of the abo've conditions
causes the construction of an LVDA telemetry word.

All

LVDA telemetry words have identical foris contained in 26 bits (which is formatted in several ways for its particular application).
These bits are combined with 8 tag bits to define the
type of data being telemetered and 5 bits of real time
that identify the time at which the data was designated
to be telemetered. Referring to Figure 15.6-8, the
39 bits o{ data, tag, and real time are channeled into
the Data Output Multiplexer (DOM), which essentially
consists of a 4-channel delay line and a distributor.
Each channel is capable of storing a 39-bit word
relerred to as a "DOM word".

mats.

The data

A word is stored in the DOM until the data portion of the DOM word is gated into a 26-bit buffer
register. At the same time, the real time portion is

transferred into a 5-bit real timez/mode-validity register and the tag portion is transferred into an 8-bit
tag register. The commutator action of the DOM selects a delay Iine chamel which is currently storing
a DOM word and directs this word into the registers'
However, the word also remains in the DOM until it
enters the Mod 410 Multiplexer. Every 4. 17 miltiseconds, the data stored in these registers is read into the Mod 410 Multiplexer along with the proper
parity bit for a total of 40 telemetry bits. (Odd parity
is used for telemetry transmission. ) The multiplexer
then issues a sync.pulse and another word is gated
from the DOM into the buffer, real time, and tag registers. If the DOM is empty, all zeros are continually
read into the multiplexer.
Tag bits 1 through 7 identify the source of the
DOM. Bit 8 is used to
distinguish between LVDC and LVDA telemetry. This
bit is "0" for all LVDA telemetry words'
26 data bits contained in the

An error indication in the error monitor register is the only condition under which an LVDA tele-

next sync pulse.

It should be noted that an LVDC telemetry word
may destroy another LVDC word if they both occur between adjacent sync pulses. But since telemetry PIO
instructions are issued from the flight program, this
hazard can be avoided by programming telemetry instructions at least 4. 1? milliseconds apart.
An LVDC telemetry word is constructed from
26 bits oI data, 9 tag bits, 3 computer mode bits and
I validity bit. See Figure 15. 6-8. The three mode

bits are obtained from the LVDA mode registers. The
validity bit is set to a "1" only while the LVDC is loading the telemetry registers. An indication of the validity of a telemetered LVDC word is necessary because
the telemetry registers may be in the process of being

LVDA ond DOM Telemetry Word

Tog

dro','jrfu
\r 2r
Doto

Reol Time

LVDC Telemetry Word

Tos

l\__-/

f"':rfu
I

I uoau I
Volidity Tog
IBM 8266

Figure 15.6-8 Telemetry Word Formats
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loadecl * l)t-rr th{, rrull ll)lr \.,r ili r,,adrrr{ thr' telemeiry

t't,il,tstr,r\ 'Ifx ..r:t(ltt\ i,tl t'(,lnrt tt l under SUCh
sndl(lonr rn<irt;rtr,6 th:rl lh{ w{,r'd ln tht lelt nretfy feg!iat"aa
rs onll Jrartrallv Irurck'ri .rrrrl, therelore, invalid.
Erght I.VDC address bits are directed into tlre
tag register. Bit 8 of this register is set to "1" to
indicate LVDC telemetry and CIU operation. One
addreas bit, three mode bits, and the validity bit are
channeled into ttre real tinre,/mode-validity register.
The 26 bits of date are placed in the b,rffer register.
After these registers are read into the Mod 410
Digital Multlplexer, the registers are again loaded
from the DOM.

The decoder prodrces r negatlvG iltput when LRg
is a "1" and a positive voltege rhen LRO i8 a "0"

The outpde from ladder decodere A and B are
applied to three output multtplexer-drlvera. Each

driver, when enabled by the proper control signa^I, will
sample and store (hold) its respective pitch, roll, or
yaw signal. The drivers contain "hold capa.citors"
which store these analog voltages for a limlted time.
See Figure 15. 8-10. Sirrce the stored voltage will
tend to decay and ceuse erroneoue output signals, the
hold capacitors must be recharged at regular tntervals.
During boost flight, these capacitors are allowed to
store the signal voltage for e meximum of 40 milligeconda before being recharged by an updeted attitude

ATTITUDE COMMAND

PROC ESSING

The LVDC generates roll, pitch, and yaw
attitude commands in a digital format. Under program
control, these commands are transferred to the LVDA
which processes and converts the digital data to analog
voltages.

The LVDA processing operation includes digital
to analog conversion, error detection, amplifying and
scaling, telemetry buffering, and storage
The LVDA continuously presents these analog
\'-. commands to the F1ight Control Computer where they
are further processed before becoming the steering
commands for the vehicle's attitude maneuvers.

, Figure 15.6-9 is a block diagram of attitude
command processing within the LVDA. Three identical 9-bit Iadder registers temporarily store the
digltal commands (ro1l, pitch, or yaw) as they are
alternately received from the LVDC. Two of the registers provide inputs for redundant channels within
the DIA converter area. The third channel provides
an input for a reference channel which is used in
error detection. When a ladder group address PIO
instruction is issued by the flight program, the ladder
registers receive I bits of the computer data word
(bits 17 through 25). The ladder decoders then convert the digital data stored in the ladder registers into an analog voltage. Each ladder decoder converts
the 9 bits of incoming digital data. The firet 8 bits
(LRl to LR8) determine the magnitude of the analog
signal, and the ninth bit (LR9) determines the polarity.

15. 6-8

command. During coast phaser the qrrqlil, of the attitude commands are not as crltical and only need to be
updated at 100 milliseconds. * When enabled by control
signals, bipolar electronic switches couple the decoder
outputs to the appropriate hold capa,citore and ladder
amplifier. The eontrol eignals cause these switches
to act as either open or closed circuits. The telemetry hrffers convert the signal volteges to levels
which are compatible with the telemetry equipment.
An error detector compares t}te reference
Iadder decoder output with both the ladder decoder A
output and the output of the selected output multiplexerdriver. U the compa.riaons are within designated
tolerances, the error detector allows the normally
selected channel A to remain selected. U either or
both compa.risons are out of tolerance, the error
detector will select channel B. Once tle error deteetor has selected channel B, the channel will remain
selected until the flight program commands a change.

Control clrcuits, under address decoder conselect the appropriate output mulflplexer-driver
and enable the error detector to sample the ladder
decoder outputs. D,rring the time when the ladder registers are being loaded, the control circuits also
inhibit the drivers and error detector frou sampling

trol,

the decoder outputs.
* The fiight progrann routine for updating these
comrnands i.s only cycled once per second, but the same

routine reloads the ladder registers I0 times per
second (I00 rnilliseconds). This method of prograrnrning saves considerable computer time for
other operations,
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Abbr., Signs, & Symbols

ABBREYIATIONS
A
(Ar)Ftight Azimuth

A
A

Anrpere
Analog -to- Digital Converter
Automatic Frequency Control
AND Gate

ADC

AFC
AG
AIvI

Automatic Gain Control
Amplitude Modulation

AN

Ascending Node

AGC

,

IAP

I aps
loo
ASC
ASP

Accelerometer Processor (Module)
Auxiliary Propulsion System
Accelerometer Read (Module)
ST-1 24-IvI Accelerometer Signal
Conditioner
Accelerometer Signal Processor

Arx

Auiliary

AVP
Az

Address Verif ication Pulse
(A) Flight Aziniuth
Accumulator Register
Add,'subtract

Acc,rReg

A/s

B
bps

B/w

Bits per Second
Bits/Word

CSTN
CSTV
CVD
CX

CX:CT

Single Step Operation - Not
Single Step Operation - Voted
Conrmand Voltage Demodulator

Control Transmitter
Control Transmitter:Control Transformer

D
DATAV

Normal Data Input from External

DB

Disagreement Bit
Decibel

Equipment
db
DCS

Digital Command System

DCW

Data Command Word

DDAS
deg
DN
DOMS

Digital Data Acquisition System
Degree
Special Data Input
Descending Node
Data Output Multiplexer Serializer Latch

DP

Discrete Processor

D/x

DIN

(Module)

DS

Downrange
Digital Command System

DSIF

Deep Space Instrumentation

DT
DV

Selector Dump Telemetry
F,/M Calculations

I

(Module)

l

Facility

(Module)

]

i

C
CAT
cc

ICC

I

Control Attenuation Timer
Cubic Centimeter
Chi Computations

CCS

Command and Communication Systenr

CCSL
CDSV

COD Cclunter Sequence Latch
Change Data Sector-Voted

CG

Center of Gravity

CIU

Con.rputer Interf ace Unit

CL
COD

Center Line
Crossover Detector

CONT

Common

CM

Command Module
Phase I and IV Control (Module)

cttt
c ll)

Const
CP

CPP
CRP
CSN,{

CT

Icr

Ct,ntinrete
Constant

T
EAMV

EBl,fv
EBW
EDS

EF
e. g.

EP
ESE

Etc.
ETClBTC
EXT

Error in Even Memories - Voted
Error in Odd Memories - Voted
Exploding Bridge Wire
Emergency Detection System
Emitter Follower

Exempli Gratia (for example)
Events Processor (Module)
Electrical Support Equipment
Et Cetera (and so forth)

I

I

Module

External

r

r

Center of Prt,ssure
Conrnrand Prograrn Patch
Conrmand Received Pulse
Contmand and Seri'ice Module

C-ontlol Transformer
Data Compression Telemetry (Mociule)

Changed 15 November 1969

FCM
FIR
FM

Flight Combustion Monitor
Far InJrared

FM

Thrust Acceleration (Force,/Mass)

Frequency Modulation

A-1

Astrionics System
Abbr., Signs, &Symbols

I

G
LES

o

Gravity

GCC
GM
GRR
GRRA

Ground Control Computer

GSE

GU

Universal Gravitational Constant
Guidance Reference Release
Guidance Reference Release AIert
Ground Support Equipment
Spin Reference

LET
LM
LO
LO
LOX
LR

LVDA
LVDC

Liquid Oxygen
Ladder Ramp Processor
Least Signilicant Digit
Laboratory Test Equiprnent
Launch Vehicle Data Adapter
Launch Vehicle Digital Computer

m

Meter

MAP
MCC

Message Acceptance Pulse
Mission Control Center

MEPWM
MHz

Magnetic Core Register
Water Methanol Activate (Module)
Megahertz (Megacycle)

ML
MLCHI

Minor Loop (Module)
Minor Loop Chi

Mod
Mono

Model
Monostable (Multivibrator)
Minor Loop Support

LSD

LTE

H
H

HALTV
HOPClV

IHS
Hz

S-M

Cutoff Prediction
Hertz (cycle per second)

I
i

Inclination of Orbit (anele)

IA

Input Axis

ICD

Internal Control Discrete
Identification
Id Est (tirat is)
Inboard Engine Cutoff '
Intermediate Frequency

i. e.
IECO

IF
IGM

IIR
INTC

INTV

nry
IR
IRIG

IU

I

t

Spinning Mass (Angular Momentum)
Halt - Voted
Generate HOP Constant - Voted

MCR .

ID

Launch Escape System
Launch Escape Tower
Lunar Module
Li-ftoff
Liftoff Search

Iterative Guidance Mode
Intermediate Infrared
Interface Output Latch (Interrupts LVDC)
Interrupt - Voted
Inverter
Infrared
Interrange Inst rumentation Group
Instrument Unit

t
'-r Propulsion

MS

ms

Millisecond

MSD
MSFN
mV

Most Significant Digit
Manned Space Flight Network

MVB

Millivolt
Multivibrator

Nrw

Megawatt

I

il
N
N

Newton

N/A

Not Applicable
Boost Navigation (Module)

"Not" Condition, a Binary "0"

NE

Laboratory

I

NIR
NRZ

Near Infrared

NU

Navigation Update Implementation

Non-Return -to-Zero
(Module)

0
OA
ODOP
OECO
OG

q/D

Output Amplilier
Offset Doppler
Outboard Engine Cutoff
Orbit Guidance (Module)

Orbital Mode//Data
Ope

rational

Orbital Processing Routine

"nged 15 November

1969

u

Abbr.

Astrtont<
Srgna. I

s

P

lpe

,

Phase Actuator (Module)
S

Set

s

S&A's

Second
SaJe and

SA

Spin Axis

SA

PG

ST-124-M Platform AC Power SupplY
Pulse Amplltude Modulation
30 Second Data Compression (Module)
50 Second Data Compression (tUoaute)
100 Second Data Compression (Module)
Pulse Code Modulation
ST-1 24-M Platform Electronic Assembly
Simulated Platform Gimbal Angle

SCFH

Simulated Accelerometer (Module)
(S/C) Spacecraft
Saturn Command and Control System
Standard Cubic Feet per Hour

SCO

Sucarrier Oscillator

PIO
PM

(Module)
Process Input Output
Phase Modulation

Servo

Servomechanism
Sinrplex Driver - High

Pulses per Second
Pulse Repetition Frequency

SDI
SDL

PACPS

PAM

l#;3
lpcgs
PCM

PEA

pps

PRF

psi
pEie

psid
psig
PRN
PSK
PSR

PTL
PU

I pztz

SCCS

SDH

per
per
per
per

Square Inch
Square Inch Absolute
Square Inch Differential
Square Inch Gage
Pseudo-Random Noise
Phase Shi-tt Keyed
Parallel Storage Register
Prepare to Launch
Pounds
Pounds
Pounds
Pounds

SC

SG

SM
SR

SRA

ss
SS

ST

STP

Arnr Devices

Simplex Driver - Intermediate
Simplex Driver - Low
Signal Generator
Service Module
Shilt Register
Spin Reference Axis
Single Sideband
Switch Selector Processing (Module)
Application Module
Standard Temperature and Pressure

Propellant Utilization (System)
Service Periodic Processor (Module)

T

o
a

TBD

Aerodynamic Pressure

TBI
TB2

R

TB3
TB4
TB57

R

Reset

r

Vehicle Position
Initial Velocity
Remote Auto. Calib. System
Remote Analog Submultiplexer

(or) R
fo
RACS

RASM

R&D
RDSM

Research and Development
Remote Digital SubntultiPlexerr

RET

Rt'turn

rf
rnls

Radio Frequency

RPM

Revolutions per Minute

RSO

Range Sa-fety

TC

TD
TDH

TDL
TDM
TG

TLC
TLCV

RTC

Reasonable Test Constnat

RTINV

Start Signal

-

Voted

TMR Driver - High Current
TMR Driver - Low Current
TMR Driver - Mediunr Current
Torque Generator
Simultaneous Memory Errors
TVo Simultaneous Memory Errors Voted

Rr.rot IVlr,:rn Square

Officer

To be Determined
Time Base 1 (Module)
Time Base 2 (Module)
Time Base 3 (Module)
Time Base 4 (Modu1e)
Time Base 5/7 (Module)
Restart Calculations (Module)
Time Delay

)TM

'

TMR
TRS

TRSV

Telemetry
Triple Modular Redundancy
Transfer Register Serial
Transfer Register Serial - Voted

(

Changed 15 November 1969
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Astrionics System
Abbr., Signs, &Symbols

l*
\-

'TT
Twr

Simultaneous Memory
(Module)

VSWR

Very-High Frequency
Voltage Standing Wave Ratio

w

Watt

x

RoIl Axis

Y

Pitch Axis

VHF

Error Recovery

Time Tilt Guidance
Traveling - Wave Tirbe

U
UHF

IUM
s
USB

l.L

Ultra-High Frequency
Phase I and trI Time Update (Module)
Microsecond
Unified S-Band

Y

v

VAB

vco

x

z

Vehicle Assembly Building
Voltage- Controlled Oscillator

Yaw Axis

slcils AllD sY[rlBots
I

Integral

0

tleta

u

upsilon

d

PartiaL Differential

L

iota

Q

phi

Square Root

r
I

kappa

x

chi

lambda

v

psi

a)

omega

Difference

.:;

Varies as

p

mu

Greater than

p

Feedback stgnal from S-IB aetuators to
Flight Control Computer.

o
PC

Command to actuator

Less than
Greater than or equal to

s

Less than or equal to

o

Irdinity

=
3
L

Congruent to

Angle

A

Change

7p

Nearly Equa-l to

from Fligld Control
Computer. (Fn Fp Fy)

rn

axg

Change to

AXt

Change to Xg caused by Platform-

X,

caused by gravitation.

meaEured acceleration.
0

Plafform glmbal angle. Indicates tlte
difference between vehicle attitude and
Platform attitude.

oxot' z

Platform gimbal angles (vehicle attltude).

o

(fa) Geodetic latitude of the laurrch site.

0

Rate of angular attitude change.

0n0p0v

Rate of attitude change in vehicle
coordinates.

Greek Alphabet
d

alpha

u

nu

p

beta

F

xi

gamma

o

U

delta

fl

pi

€

epsilon

p

rho

(

zeta

q

sigma

11

eta

T

tau

A-4

Lateral acceleration (S-IB only).

-l

omicron

Changed 15 Norrember 1g6g

t

Astrionics System

Abbr., Signs, & Symbols
x

L

xnxpxy

(R) Vehicle position measured as a radius
vector from the center of the earth to the
vehicle

Desired attitude change as determined by
guidarrce com putations.
Guidance command angles (desired vehicle

attitude).

xxxYxz

Guidance command angles (Euler angles)

v

Attitude

error signal

9nQPlrv

Attihrde

error signals (steering

9r

Total range angle

ag

Gain factor

for attifude error

a1

Gain factor

for attitude rate (fi) channels

&e

Equatorial radius of the earth

i

Vehicle velocity after gravitational and

initial velocity

have been acounted

for

s

Same as P

rllrw

Gravitational coordinate system

vs

Velocity

w

Same as P

X4Y4Z4

Target plane (ftight plane) coordinate

commands)

(rr) channels

system

xgYeze

Components of gravitational velocity

channels (Saturn IB only)

i_+.i.

Components of gravitational acceleration

GNz

Gaseous Nitrogen

X1Y1Z1

Inertial coordinate system (also ex-

kx

Computer gravitational velocity in the
Xg direction

LHz

Liquid Hydrogen

W2

Liquid Oxygen

82

Gain factor

for lateral acceleration

('i,)

DED

pressed as
I

xtYrzl

XrYyZy)

Components of thrust velocity (measured
by the integrating accelerometers of the

Platform)
xoYozo

Initial position - launch site to earth's
center

Nzo+

Nitrogen tetroxide

P

Constant used in computing gravitational
acceleration and using:

ae

xoYozo

Initial velocity

XgYgZg

Space-f ixed navigational coordinate system
(used for navigation and guidance compu-

tations)

= equatorial radius of the earth

GM = universal gravitational constant
J = constant
@ = geodetie latitude of lar.urch site

Az = firing

azimuth

XgYgZg

Inertial velocity

XvYvZv

Injection coordinate system

A-5 /A-6

Astrionics System
Alphabetical Index

ATPHABTTICAT ITIDTX
A
Abort

autonratic, 9. 3-1
criteria and ground rules, 9. 3-3
nranual, 9. 3-2
AC amplifiers, 5.2-12
Acceleration processing, 4. 2:3
Acceleronreter
axes, 14.2-3
Control, 3.2-5
electronics, 14.3-6
pendulous

gyro, 14.9-1

processing, IO data, I 5. 6-2
servoloops, 14.3-3
servosystenr, 14.3-1
signal conditioner, 14. 5-2
strain-gage, 5.2-9
Acoustic measurements, 5. 2-10
AC Power Supply, Platfornr, 14. 5-1
Actuator configurations, 3. l-6, 3.1-7
Actuators, engine servo, 3.4-1
Addresses, LVDC PIO, 15.4-21
Alignment system, azinruth, L4.7-l
Arithnretic s.ection, LVDC, 15.4-24
Astrionics Systenrs, 1. 4-1
Saturn lB, 1.4-2
Satyrn V, 1.4-3
Attitude conrmand processing, IO data, I b. 6-8
Attitude control
coast

flight,

3. 1 -5

error signal sourcer, 3.1-9
flight, 3.1-4
signal flow, 3. I-10

powered

systern, 3. 1- 1
Attitude signal processing, 3. 1-8
Automatic atrort paranleters, EDS. 9. 3-1
Automatic frequencl control loop,
AZUSA, 7. 3-2
Auxiliary propulsion systenr, 3. 4-2
Axes, accelerometer, 14. 2-3
Axes, gyro, 14.2-2
Azimuth alignnrent systenr, 14.7-l
AZUSA tracking systenr; ?.3-1

B
Backup redunclancy, 1. 5-2

Batteries, 8. 3-1
Bcnding modes, 3. 1-4

Bending mode vibration measurements,
Boost navigation, 2.2-5, 2.2-4, lt,Z-3
calculations , 2.2-2, I l. 2-g

5.2-l

C
Calibration telenretry, S..S-Zs
Inf liglrt, 5.3-27

Preflight,

5. S-27

Camera rnissions, 5. 5-l
C-band radar svstem,

?.2-l

CCS antenna system 6.4-3
CCS Transponder, 6.4-1
Centers of pressure and gravity,

flight variations in, 3.1-2
Channels, IRIG subcar.rier,

S. 3-g

Characteristics
AN/DRW_13, 6.5_2
AZUSA, 7.3-5
C-band Transponder (SST-13bC), 7. Z_z
LVDA, 15.5_2
LVDC, 15.4_9
MCR-503 Receiver, 6. 2-g

oDoP, 7.4_3
angular readout, 14. 4-3
Conrmand Decoder, 6. 3-T
Controi Accelerometer, 3. 2-5
gas bearing gyro, 14.8-2
gas bearing pendulurn, 14.6-2
Launch Vehicle

.

Saturn
Saturn

IB, 1.2-2
V, 1. 2 - 3

Multiplexer, Mod 270, i. g-12
pendulous gyro accelerometer, 14. g_l
radal ground station, ?.2-2
Range Safety Conrnrand Receiver,./Decoder, 6. 5-2

resrilver chain systent, 14.4-4
servo actuator, 3.4-1
signal, LVDA, 15.5-7

slip-ring cartridge, l4.Z-4
telcvision, Iaunch vehicle, b.4-2
Circuits, LVDA, 15.5-8
Code plug wiring, 6.3-5
Command and conrmunication system, Saturn, 6.4-l

Conrnrand

Decoder, 6.2:8
messages, 6,2-5
rurodulation techniques, 6. 2-3
Receiver, 6.2-6
system, IU, 6. 2-l
types, 6.2-4

B-l

I
Asl riorrrcs Svstc,lu
Alphabetical Index

rvord fornurt, 6. 2-3
C()nrputer Control (LVDC), 15. 4-22
Computer Interface Unit, 5. 3-20

Conditioning, signal,
Control

5. 2-11

Accelerometers, 3. 2-5
computer, LVDC, 15. 4-22
EDS rate gyro package, 3.2-2
relay package, 3.4-4
sensors, 3.2-l
signal proccss()r, 3. 2-2
C<rcrdinate

systenrs, 2.2-2, 2.3-4
changes. 1.2-l
Crew safety gui&lines, 9. l-1

D
Data catagorit's, Telemetry, 5.
DC amplifiers, 5. 2-11

3-l

DDAS telemetry system, 5. 3-11

DDAS,'Computer Interface

Unit,

redundancy, 3.3-?
Saturn IB, 3,3-3
Saturn V, 3.3-3
Flight nrechanics rneasurements, 5. l-t

Flight progranr, 11. l-l
ar <'r,lt,ronreter processrng, ll. 2-S, 11. 2-8
trxrst navigation, Il.2-3, 11.2-9
,lrscrete backups, ll. z-Lz
ItiM routine, ll.2-3, 11.2-10
intcrrupt and minor loop, 11.2-2, 11.2-5
majoD loop, 11.2-1, ll.2-4
orbital flight prr.rgrartr, I l. 2-6, ll. 2-13
rrrtrital processing, ll,2-7, 11. 2-14
pre-IGM guidance, tl.2_5, ll.2_g
prelaunch ard initialization, t 1. 2-l
Fliglrt sequence (Saturn V), 4. 3-l
Flow rate measurements, 5.2-?
Format, conrmand word, 6.2-3
Format, secure range salety message, 6.3-l
Erequency spectrum, Saturn V, 3.1-3

5. 3-20

Decoder, Command, 6.2-8
data verification, 6. 2-8
logic description, 6. 2-9
operation 6.2Decoding rptrix, Switch Selector, 4.2-8
Distribution system, 8. 1-1
Distribution systern, IU, 8. 2-2
Dral redundancy, 1.5-1

G
Gas ald polver rcquirements, 14. 10-l
Gas bcaring

gyro, 14.8-l
pendulum, 14.6-1
supply system, 13.2-l
Ginrbal
angle dual-speed resolvers, 14.

4-l

cordiguration (ST-124-M), 14. 2-2

E
Emergency Detection System, 1.4-4, 9. l-1, 9.2-1
abort, parameters for

autonratic, 9. 3-I
nranual, 9.3-2
control rate gyro package, 3.2-2
failure analysis, 9. 1-1
operation
Saturn IB, 9.3-3
Saturn V, 9.3-1
Engine configurations, 3. l-6, 3.1-7
Engine Controls, 3.4-1
Engine servo actuators, 3. 1-6, 3.1-7, 3.4-1
Environmental control system, 13. 1-1

I

FM/FM telemetry, 5.3-8
Failure analysis, EDS, 9. 1-l
Failure modes, 9. l-3
Flight Control Computer, 3. 3-l
operation
coast flight, 3.3-5
powered

B-2

flight,

3. 3-2

design, 14.2-6
electronics, 14. 3-5
GLOTRAC tracking system, 7. 3-5
Gravitational coordinate system, 2. 2-l
Grounding system, IU, 8. ?-2
Guidance

functions in

flight,

2. 3-5

pre-IGI\{, 11. 2-3
systern. 2. 3- 1
Guidelines for crew safety, 9.1-l
Gyro

accelerometer, pendulous, 14. 9-l
axes,14.2-2
control-EDS rate, 3. 2-2
gas bearing, 14.8-1
integrating, single axis, 14.8-3
power and gas requirements, 14. l0-l

rate, 3.2-l
servosystem, 14.3-1

H
I{azarclous gas detection system,

Heaters, Platforrn, 14. l0-l
Hydraulic actuator system, 3.4-2

IU,

13. 4-1

Astrionics System
Alphabetical Index

I
I

IGM routine. I l. 2-3
Inertial coordinate system, 2. 2-3

Irrertial Platform Assenrbly, 14. 2-l
InputT/output signals, LVDA, 15. 5-l
Instructions, LVDC, 15, 4-17
Inst runrentation

optical, 5. 5-l
primary power sources, 8.2-l
systenr power, 8.2-l
tracking, ?.1-l
Instrument Unit, 12, 1-l
command systenr, 6.2-l
cLstribution system, 8. 2-2
equipmt'nt la1'out, 12. I -3 to 12. I -8
groundrug systent
in-flight, ti. 2-2
a

prelaunch, 8.2-6
power. system, 8.2-l
hrtt'rt upt
LvDC, 15.4-l?
processing, 15.6-5
Interrupt atrd minor Ioop operation, 11.2-2
Iterative guidance nrode, 2.3-3

PIO addressls, 15.4-21

lr,lrlbility, 15.3-l
timing,

15. 4-11

rvord organization,

1

5. 4-10

Major loop, 11.2-1
Manual abort EDS parameters, 9.3-2
Measurement calibration, 5. 2-15
Measurerrre.nts

acoustic, 5.2-l0
benrling nrode vibrations, 5.2-1
flight nrechanics, 5. 2-3

flou llttt', 5.2-7
liquict level, 5.2-6
prr'ssure, 5.2-4
radiation, 5.2-8

RF porver ureasurements, 5.2-11
RPIU, 5.2-6
tenrpcrature , 5.2-B

vibration, 5.2-9

Mcasuring ancl telemetry, 5. I-1
Moasuring Distributor, 5.2-14
Me'asuring system, 5. 2-1
Menrory

core, 15.4-13

1
LVDA, 15.5-1
characteristics, 15. 5-2
circuits ;urd functions, 15. 5-8
input,/output signals, 15. 5-l
physical design, 15. 2-l
power suppliers', 15. 5-15
signal char;rctr r rstit's, I 5. 5-?
Launch

window, 2.3-2, 2.3-5
vehicles, 1.2-1
Launch Site Supgtlt Systenrs (delcted)
Liltoff and prelaunch, 1.3-1
Liquid level measurentents, S-IB, 5,2-6
LVDC, 15.4-1
arithmetic section, 15. 4-24
characteristics, 1 5. 4-9
control, 15.4-22
core nrcnlory fundanrentals, 15. 4-13
elements, I 5. 4- I
instructions, 15.4-l?
intcrrupt, 15.2-l
nrenrory, 15. 4- 12
rurenrory nrodules, 15. 4-15
operation, I 5. 4-4
physical design, 15. 2-l

LVDC, iS. +-tZ
nrodules, l,VDC, 15. 4-15
Messitg(,s, t:ornrrrand. 6. 2-5
Minor loop and intr.r'rupt, 11.2-2
Minor loop support, I l. 2-6
Mission prr:f ile,

l. 3-l

l\lode and sequence r:ontrol, 4.
Modulation mrthods. 5. 3-2

1-l

Mrrltiplexer
Morl 270, 5. ll-8
Mort 245, 5. 3-3
Rernott, Digital (nrod 410), 5. 3-20
Rt'nrote Digital Subrnultiplexer, 5. 3-19

Ir{ultiplexing
methods, 5. 3-2

PAM,

5. 3-8

slow speed, 5.3-3

N
Navigati<-ln

boost, 11.2-3
calculations

,

2. 2-3

coordinate leference systems, 2. 2-1
guidance and

contfol, 1.4-1, 2.1-1

Navigational coordinate system, 2. 2-1
Nozzle, layout (S-M), 3. 1-7

B-3

Aeiriontcu Syetem
Alptrabetlcel lnrter

0
\

'

Range saJetv comnrand system,

ground t qurgtnrent, 6. 3-2
messase tor.nrat, 6. 3-1

ODOP tracking svntenr, ?. {-1

,rver:tll systenr, 6. 3-1
vehic le -borne equipment
antennas, 6. S-3

Operation sequencr' (Saturn V), .1. 3-l
Oflical ginrbal laying systenr, 14. ?-6

Oflical instrunrentation,
()rlllta

5,

5-l

I

Ilight,

2.

3-6, I l. 2-6

P
l)irtr and sparr' rr'dundancy, 1.5-l
PAM urultiplexing, 5. 3-8
PIO addresses, I,VDC. 15.4-Zl
Plndulous gyro acceleronreter, 14. g-l
I)r.rrduluru, gas bearing, 14, 6-1
l)lutJufrn t'oordinate system, 2. 2-l
Platfrlrnr, ST-124-M
AC Power Supply, 14.5-1

Electronic Assembly, 14. b-1
erection system, 14. 6-1
heaters, 14.10-1
Power and distribution system, IU, 8. 2-1
Power and gas requirenrents, 14. l0-1
Power supplies

gyro, 14.10-1
LVDA, 15.5-15
Power Supply

Platlorm AC, 14. 5-l
5 Volt Measuring Voltage, 8. b-1
56 Volt, 8.4-l
Power supply and distribrltion systenr, 8.1-1
Preflight air/GNZ purge system, 13. S-l
Prelaunch and li-ftoff, 1. 3-1, 11. 2-1
Pressure measurements, 5. 2-4
Processing, IO data, LVDA/LVDC, 15. 6-l
Program
backup redundancy, 1. 5-2

flight,

11.

l-l

flight description,

11. 2-1

Propulsion system, auniliary, 3. 4-2
Purge system, preflight, 13.2-1

0
Quad reduhdancy, 1.5-1

R
Radar, C-bancl, ?.2-1
Range cards, 5.2-13
Range determlnation, S-band, 7. 5-1

B-4

clo.sed-loop checkout, 6. 3_?
De'codt,r, 6. 3-4

'

navigation, 2,2-1, Z.Z-5
processing, ll.2-7
Output ruatrix, Switch Selector, 4.2-g

6.3-l

Ileceiver, 6. 3-4
Ranging codc, S-band, 7,5-l
Rate gyros, 3.2-1
Il,,ad Conrnrand, Switch Selector, 4.2-?
Iit.r'elvr,r, cornurand, 6. 2-6
Redundaney
triple nr<.rclular,

l. 5-l

dual, l,5-1
Flight Control Computer,
pair and spare, l. 5-1
quad, 1. 5-1

3. 3-?

backup, l. 5-2
program backup, 1, 5-2
Relay input, Stvitch Selector, 4.2-?

Reliability consideration, l. 5-l
Rerset

S\itch Selector
automatic, 4. 2-7
forced, 4.2-7
RF power measurements, 5.2-11
RF/UHF transnritter assembly, b. g-ZB
Routine, IGM, 11.2-3
RPM measurements, S-IB, S.2-6

)

s

S-IC burn, 1. 3-1, 2. 3-6

S-II burn, 1. 3-2, 2. 3-6
S-ryB first burn, l. 3-2, 2.3-6
S-M second burn, 1.3-4
S-band tracking, ?.5-l
SS,ifU telemetry system, 5. 3-S
sT-124-M
Inertial Platform Assembly, 14.Z_l
gimbal configuration, 14, Z-2
Salety systenr, crew, 9.1-1
Saturn
Launeh Vehicles, 1.2-1
Command and Communication System,
Secure Raage Safety system, 6.3-1
Servo actuators, engine, 8.4-1
Servoloops, gyro, 14. 3-2

Servosystem, gyro and accelerometer,
Sequence and mode control, 4. l -l
Sequence of operation (Saturn V), ,1. B-1

/,

6.4-l

l4. B-l

Signal Conditioner, Accelerometer, 14. S-2
Signal conditioning, 5.Z-Lt

"t-;:\
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Astrionics System
Alphabeilcd Index

Slip-ring capsule, 14,2-4
Slow speed multiplexing, 5. 3-3
Spacecraft interface, l. 4-4
Spatial amplifier, 13,4-2
Special modules, 5.2-4
Stabilized Platform
assembly, 14.2-l
system, 14. l-1
svstem power, 8.2-1
Station vislbility (Saturn V). 7.1-3
Sr&linrator, 13. I -4
Supply, Platfornr AC Pou,e.r, 14.5-l
Support minor loop, 11.2-6
Switch Selector
component description, 4. 2-4
decoding matrix, 4.2-8

plafform ereetion, 1{. 6-l
power and distrlbdlon, IU, 8.2-1
Preflight air./GN2 purg€, 13. 3-f
resolver chain, 14. tl-s
S-b1d tracking, ?.5-1
secure range safety, 6.3-l
SS/FM telemetry, 5.3-5
SST-1 35C Transponder, 2.

telenretry, 5.3-l
telel ision, 5. 4-1
thermal conctitioning,
tracking, 7.1-1
TMR logic, 15.3-2

input relays, 4,2-7
output

matrix,

System

Astrionics, 1.4-1
Saturn IB, 1.4-2
Saturn V, 1.4-3
attitude control, 3. 1-l
atxiliary propulsion, 3. 4-2
azimuth alignment, 14: 7 -1
AZUSA tracking, 7.3-1
C-band radar, 7.2-l
conrmancl, IU, 6.2-l
control, 3.1-l
coordinate, navigation, 2. 2-l
crew safety, 9.1-1
dist ribution, lV, 8. 2-2
enlergency dctecti<.rn, svstt,nr, 9. 2- I
erection, plaUorm, 14. 6-l
FM/FM telemetry, 5. 3-8
gas.bearing supply, 13. 2-l
GLoTRAC, 7.3-5
grounding, lU, 8.2-2
guidance coordinates, 2. 3-4
hazardoue gas detection, 1 3. 4-l
hydraulic actuator, 3. 4-2
Inertial Pladorm, 14. l-1
.i.rvigatlon coordinates, 2. 2-2
navrgation, guidance, contrrrl. 2. 1-2
ODOP tracking, ?. {-l
PCM/DDAS telemetry, 5. 3-11

13.

1-l

T

4. 2-9

processing, IO data, 15.6-4
read command, 4,2-7
reset
automatic, 4.2-7
forced, 4.2-7
stage select, 4.2-4
system description, 4. 2-1
test outputs, 4.2-g
verification, 4. 2-7

2-l
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TMR logic system, LVDC, 15.3-2
Telemetry
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inflight mode, 5.3-27
PCM/DDAS, 5.3-I1
prelaunch, 5,3-27
processing IO data, 15.6-6
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systenr, 5.3-1
Television system (Saturn V), 5.4-l
Test outputs, Switch Selector, 4.2-0
Theodolite, 14.7-3
Thermal conditioning system, 13. l-l
Timebase, Saturn V f light, 4.3-2
Timing
LVDC, 15.4-11
Switch Selector, 4. 2-6
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in6trurnentation, 7. 1-l

oDoP, 7.4-l
S-band, ?.5-1

stations, launch phase, 7. 1 -2
stations, orbital phase, 7. I -4
systenrs, ?.1-1
Trajectory constraints, 2. 3-2
Transducers, 5,2-l
Translurar coa.st, l. 3-{
Translrrnar injectron, l. 3-,1
Transnrissirtn carriers, 5. 3-3
Transnritter a^ssembly, UHF,/RF, 5. 3-23
Transponders

AZUSA, 7.3-4

oDoP, ?.4-2
Triple modular redundaacy, 1.5-l
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