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070-008-001
SATURN V FLIGHT
PROGRAM DEVELOPME NT

The Soturn V Flight Progrom development con be broken down into two distinct
phoses, seporoted by issuonce of o Mission Defining Document. Leoding up to
the fu'li5slon Defining Document ore the generolities; the ground rules, guide-
lines, ond obiectives; ond preliminory ond reference moteriol on which to bose
ond plon specifics. With the issuonce of the Mission Defining Document,
operotionol doto becomes necessory; specific vehicle chorocteristics ond cop-
obilities ore imporfont; equotions ore recorded for o vehicle performing o
mission; ond the octuol flight progrom softwore is p-repored ond documenGd.

As shown by the slide, o mission ossignment is mode ond preliminory ond
reference phose studies ore conducted for estoblishment ond definition of the
flight progrom design requirements. These ore ossembled into o Mission Defining
Document from which on Equotion Defining Document is prepored. Simul toneeu5l y
with releose of on EDD, preporotion is begun on on initiol (level l) flight progrom.
More firm doto is reolized from operotionol phose studies ond onolyses bosed on
the specific vehicle ond mission, resulting in chonges to the initioted flight progrom.
lncorporotion of this doto results in o level ll flight progrom, Simulotions of tlre
vehicle ond its flight ore conducted to veriI the flight progrom. The finolizec
constonts ond ony mitrcr logic chonges ore incorporoted, ond the flight prcgrom
is verified ond looded into the rnognetic core memory of the Lounch Vehicle
Digitol Computer. The vehicle now possesses the instructions which will conti'ol
the LVDC, ond consequently the vehicte flight, from seconds before liftoff
until the seporotion of the Instrument Unit from the lounch vehicle poylood.

(r), (2), (3), (4), (s)
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070-008-002
FLIGHT PROGRAM
FUNCTIONS

The flight progrom is defined os the set of instructions which conirols the

Lounch Vehicle Digitol Computer (LVDC) operotion from seconds before
liftoff until the end of the lounch vehicle mission. These inslructions ore

stored in core merrbry within the LVDC.

The flight progrom consists of informotion necessory to perform mony functiorrs
during the lounch vehicle mission" These functions include: novigotion,
guidonce, ottitude control, event sequencing, dolo monogement, ground

commond processing, ond hordwore evoluotion. Specific definition of
these functions depends on mission obiectives.

The flight progrom is designed to operote successfully in the presence of
stoge foilure conditions. Eoch externol signol which storts o computer time
bose qfter guidonce reference releose is bocked up by on olternote meons

which signifies occurrence of the specific event. lr4oreover, tl'1e progrom

prevents premoture initiotion of time boses by oppropriote logic, even if
on erroneous sfort-time-ignol is received.

(8), (r r ), (r 2), (r 3)
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070-008-003
FLIGHT PROGMM
OPERATICNAL
ELEME NTS

The flight progrom con be divided into five operotionol elemenis. These

ore fhe powered flight moior loop, the orbitol flight progrom, the minor
loop, interrupts, ond telemetry.

l. Tne powereo tlignt moior loop contoins guioonce ond novigotion
colculotions, timekeeping, ond oll repeiitive functions which
do not occur on on interrupt bosis.

The orbitol flight progrom consists of on executive routine
concerned with lU equipment evoluotion during orbit ond o

telemetry time-shoring routine to be employed while the vehicle
is over receiving stotions. ln oddition, oll novigotion, guidonce,
ond timekeeping computotions ore corried out on on interrupt bosis

keyed to the mirrcr loop in the orbitol flight progrom.

The minor loop contoins the plotform gimbol ongle ond occelero-
meter sompling routines ond the conlrol system computotions.

An interrupt routine permifs interruption of the normol Progrom
operotion to free the LVDC for priority work. Severol subroutines
or secondory functions ore ovoiloble to the moin progrom. They
ore utilized ot specific times within the moin loop or ot certoin
phoses of the flight, Other interrupt operotions rnoy occur ot
ony time within the progrom. Actuolly, the minor loop is on

interrupt operotion which will occur ot intervols of 25 times
per second during powered flight. (i.e. every 40 milliseconds
the moin progrom is interrupted while gimbol ongle reodings,
occelerometer somplings, ond control system roulines ore processed).

A progrommed telemetry feoture is provided os o method of monitoring
LVDC ond LVDA operotions. The telemetry routine tronsmits specified
informoiion ond doio to the ground vio lU telemetry equipment. ln

orbit, telemetry doto must be stored ot times when the vehicle is

not within electromognetic ronge of o ground receiving stotion.
This operotion is referred to os doto compression. The stored doto

will be tronsmilted loter, on o time-hored bosis with reol-time
telemetryr when ronge conditions ore fiovoroble.

3.

4.

5.

(8), (r r), (12), (13)
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070-008-004
PRELIMINARY MISSION
STUD!E S AND CONSTRA I NTS

The Soturn V Flight Progrom development for ony given lounch vehicle ond
mission occurs over opproximotely o two ycor period. lt begins with NASA
Heodquorters providing o "Mission Asslgnmeni Document" stoting obiectives
ond guidelines.

The Flight Mechonics Ponel produces !'Prcliminory Mission Constroints" which,
in turn, provides limitotions on forgotlng, guidonce, ond lounch ozimuth.
This mokes possible the estoblishmcnt of mlssion design requirements (considero-
tions ond consfroinfs) from the seporotc MSFC loborotories.

Preliminory ond reference phose studlcs done by the individuol MSFC orgonizotioru,
ond controctors generole generol flight progrom dcsign requirements (considero-
tions ond constroints impoctlng .vtrythlng ossociqted with o venicle ond its
mission). These flight progrom dcsign rcqulrcments ore orrived ot by numerous
studies ond onolyses, including:

l. Troiectories -+esulting in plonned flight poth
2. Guidonce computotions--resulting in equotions, presettings
3. Ronge sofety, oborf ond olternote mission plons
4. Trocking ond communicoiion coveroge, oerodynomic coefficient.

l. Novigotion equotions, integrotion routines
2. Control system doto-.fesulting in somple rotes, goins
3. gequencing--resulting in listing of timed evenfs

MCC Telemetry Requirements

R-P&VE Propulsion doto, thrust, moss, flow rotes, C.G.

(r), (2), (3), (4), (5)
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070-008-005
LEVEL I FLIGHT
PROGRAM DEVELOPME NT

..:

The design requirements ore provided to Astrionics, who is responsible for tlre
implementotion of these requirements into o Soturn V flight progrom ond hos

controcted with IBM to occomplish this end.

Astrionics ossembles the design requirements by reference under o cover letter

referred to os o "Mission Defining Documentil ond tronsmits them to IBM for

octuol preporotion of the flight Progrom.

Bosed on fhe "Mission Defining Documentrt' IBM PrePores on !'Equotion

Defining Documentr" which should contoin oll the informotion necessory

to prepore o flight progrom for storoge in the LounchVehicle Digitol
Computer (LVDC) core mernory.

Development of o level I flight progrom bosed on the EDD is initioted by

IBM ot the some time the EDD is delivered to MSFC.

The flight progrom must be functionolly equivolent to the equotions ond

presettings; os originoted from the design requirements ond mission obiectives,

\_ os recorded in the oppropriote lob studies, ond os specified in the EDD.
(i n octuolity, the, previous lounch vehicle's Equoiion Defining Document
is updoted ond o copy of the previous vehicle's flight progrom becomes
the level I f light progrom upon which fhe ourrent flight progrom requiremer.rts
ore bosed.)

(r), (2), (s), (4), (5)
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070-008-006
LEVEL II FLIGHT
PROGRAM
DEVELOPME NT

Astrionics is responsible for reviewing the EDD. IBM conducts o Preliminory
Design Review for MSFC to qssure thot lhe EDD is o sound boseline for the
flight progrom (lBM reviews design philosophy, LVDc memory utllizorion.
scoling requiremenrs, results from moth model slmulotions, poisible problem
oreos, known deviotions from originol definition) .

Operotionol phose studies contoining updoted, refined, ond previously
missing or ossumed doto, ore ossembled of this time by Astrionics.

After Astrionics hos reviewed the EDD, they issue o "Finol Mission )efining
Document" (FMDD) incorporoting ony logic chonges ond informotion which
finolized the conslonts required in the finol flight progrom. This is done by

on Astrionics cover letter referencing operotionol phose studies ond onolyses.

Upon receipt of the FMDD, IBM is lo moke the necessory chonges to ihe
previously initioted level I flight progrom for incorporotion into o level ll
f light progrom.

(1), (2), (3), (4), (5)
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070-008-007
FLIGHT PROGRAM
VERIFICATION AND
REVIEW

IBM then prepores o Progrom Verificotion PIon (ryP) describing precisely
how the flight progrom is to be verificd bebre it is flown. IBM olso conducts
o Criticol Design Review for MSFC to ossure thot: (l) The EDD odequotely
defines the Level ll flight progrom, (2) The PVP pecifies odequote verifi-
cotion procedures, ond (3) the Level ll flight progrom sotisfies FMDD
requi rements.

There ore three principol simulotion focilities used to verify proper performonce
of the flisht progrdm! (l) IBM 360/6D oll digitol, (2) R-ASTR Disilol Simu-
lotion Lob (HYBRID), ond (3) R-ASTR Systemr'Development Foafl,'tty (BREAD-
BOARD). The simulotion nrcdels ore updoted to the current vehicle configurotion
for verificotion of the level ll ond finol flight progrums.

IBM is responsible for conducting ond documenting the primory flight Progrom
verificotion effort ot eoch of the three principol simulotion focilities:

(l) IBM'soll digitol simulotion (lBM System 360) is used for 6-D boost
' verificotion (does not test hordwore/softwore compotibility);

(2) Astrionics Digitol Simulotion Loborotory (HYBRID), is used for
orbitol verificotion (does test hordwore/softwore compotibi I ity);

(3) MSFC's Systems Development Focilify (BREADBOARD) is used for time
sequencing of hordwore.

IBM conducts o Finol Configurotion Review fur MSFC which presents:

(l) review of oll input requirements, (2) review of finol flight Progrom
implementofion, (3) review of finol flight Progrom verificotion, (4) descrip-
tion of qll finol flight progrom documentotion - for the purPose of verifying
thot: (l) oll chonges hore been incorporoted, (2) Progroms hove been

verified, ond (3) documentotion hos been updoted ond is in ogreement
with the finol progrom.

Following the Finol Configurotion Review, officiol delivery of the flight
progrom is mode.

The remoinder of this presentotion conccrns itself with o rnore detoiled
explonotion of the documentotion, simulotion, verificotion, ond procedures

in the development of o Soturn V fllght Progrom.

(r), (2), (3), (4), (5)
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070-008-008
LVDC FLIGHT PROGRAM
AND RETATED DOCUME NTATIOI..],
REVIEW APPROVALS, AND
DE LIVERIE S

The following flight progroms ond reloted documentoiion ore required on eoch

vehicle:

l. Level ll Flight Progrom ond Documentotion is o complete flight Progrom
reflecting the opproved LVDC Equotion Defining Document ond the

Finol Mission Defining Document. Documentotion includes progrctm topes,
detoiled flow chorts, progrom listings, tctemetry listings, scoling ond

nomencloiure, ond repeotoble simuloted flight nrode ond flight simulotion
mode operoting procedures.

2. Finol Flight Progrom ond Documentotion is o complete flight Progrom
reflecting the opproved LVDC Equotion Defining Document, the Finol
Mission Defining Document, ond ths Finol Flight Doto Document.
Documentotion includes prcgrom topcs, dctoiled flow chorts, Progrom
listing:, telemetry listings, rcoling ond nomencloture, ond repeotoble
simuloted flight npde ond flight slmulotion node operoting procedures.

The following documents ore requircd on eoch vehicle with the originotor
ond review outhority identified:

I. LVDC Mission Defining Document (MDD) - MSFC - NONE

2. LVDC Equotion Defining Document (EDD) - IBM - MSFC

3. Finol Mission Defining Document (FMDD) - MSFC - IBM

4. Progrom Verificotion Plon (ryP) - IBM - MSFC

5. Finol Flight Doto Document (FFDD) - MSFC - IBM

6. Postflight Evoluotion Plon (PEP) - IBM - MSFC

7. Guidonce ond Contro! Summory lnformoiion Document (G&CSID) - IBM -MSFC

(7)



CONTII\UED .2
070-008-008
LVDC FLIGHT PROGRAM
AND REIATED DOCUME NTATICI..I,
REVIEW, APPROVALS, A ND
DE LIVE RIE S

8. Flight Progrom Verif icotion Document (FryD) - IBM - MSFC

9. Postflight Evoluotion Document (PED) - tBM - NONE

The following reviews sre conducted for eoch vehicle by the controctor
(lBM) for MSFC:

l. Preliminory Design Review of EDD.

2, Criticol Design Review of EDD, PVP, ond the flight progrom.

3. Fiml Configurution Review of the finol flight progrom, PEP, ond G&CSlD.

4. Progrom delivery reviews ond ceritificotions prior to eoch progrom
delivery unlesswoived by MSFC (opply to oll progrom deliveries to KSC).

The following opprovols ore requircd for eoch vehicle:

l. MSFC formol opprovol of the EDD ond PVP.

2, MSFC formol opprovol of the Level ll Flight Progrom ond documentotion,
Finol Flight Progrom ond documentotion, the PEP, G&CSID ond FPVD.

3. Review ond opprovol by the controctor (lBM) of the FMDD to delineqte
those oreos in which odequote definition is locking. Specific definition
required in eoch oreo sholl be defined.

4, Review ond opprovol by the controctor (lBM) of the FFDD to €nsure thot
requirements listed in the FFDD ore consistent wifh the time ovoiloble.
Logic chonges sholl be ossessed with respect to their mognitude ond with
respect io the mognitude of the constont chonges.

(7)



CONT!NUED . 3

070-008-008
LVDC FLIGHT PROGRAM
AND RELATED DOCUME NTATICN,
REVIEW, APPROVALS, AND
DELIVERIES

The contrcctor (lBM) performs the following LVDC softwore (digitol computer
progroms) ond documentotion deliveries:

l. A delivery of the unverified Level lt ond finol LVDC progroms to MsFC
concurrent with the initiol delivery to the controctor's Simulotion Loborotorl
Focility. This delivery consists of o progrom tope ond o progrom listing.
Any subsequent deliveries of unverified progroms required by MSFC ore
directed by the controcting officer.

2. Formol deliveries of verified Level ll ond Finol Flight progroms ond
documenfotion ore mode to MSFC ond KSC.

(7)
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070-008-009
MISSION DEFINITION
DEVELOPMENT

This slide illustrotes the offices involved in the definition, development,
ond documentotion of o Soturn V mission.

NASA heodquorters issues o mission ossignment document generolly stoting
obiectives ond guidelines of the mision. The seporote centers meet through
intercenter Ponels ond prepore o list of ioint preliminory mission constroints;
defining limitotions on torgeting, guidonce ond lounch ozimuth,

The Soturn V progrom office odministers the overoll progrom for MSFC.
Numerous sfudies ond onolyses ore perbrmed by individuol loborotories
ond proiect offices on mission profiles ond troiectories, novigotion ond
guidonce equotions ond prcsettings, dynomics ond flight control, propulsion
dofo ond performonce, structurul ond moss onolysis, oerothernrodynomics,
telemetry ond trocking requirements, flight sequencing, ond obort ond olternote
mission plons.

'[he end results of these studies ond reports ore routed through R-AsTR for
formulotion of o Mission Defining Document. lBM, os the flight progrom
softwore controctor, is ihe recipient of this document, ond bosed on its
oontents, develops the LVDC Flight progrom.

MSFC ond controctor elements involved include, but ore not limited to, the
following:

l. Astrionics Loborotory
2. Aeronoutics Loborotory
3. Propulsion ond Vehicle Engineering Loborotory
4. I-V+
5. l-v-lu
6, l-MO
7. Stoge Controctors
8. Engine Controctor
9. lnstrument Unit Controctor

10. Progromming Controctors

ln oddition to the rigid interfoce demonds imposed on these porties indicoied,
there is o continuous requirement for lnter{enter exchonge of doto through
the Flight Mechonics Ponel ond its sub-ponels.

(r), (2), (3), (4), (5)
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070-008-0r 0

PROGMM MISSION
PLA N NI NG

The proiect phoses of mission plonning during o flight progrom development
OI€:

(l) Preliminory mission plonning - during which preliminory mission
constroints ond o preliminory mission profile ond troiectory ore
estoblished, resulting in o preliminory reference troiectory.

(2) Reference mission plonning - during which generol torget requirements
ond guidonce equotions ond presettings ore estoblished; preliminory
obort ond olternote mission studies ore conducted; ond concluding
with o generol reference troiectory;

(3) Operotionol flight plonning - during which guidonce ond error
onolysis ond flight perbrmonce predictions ore performed ond
the flight troiectory ond q564 ond olternote mission plons ore
derived for the specific mission designoted.

Preliminory ond reference mission plonning phoses should result in o generol
definition (o reference troiectory ond mission constroints) for o series of
lounch vehicles.

The operotionol flight plonning is thot which is conducted for o specific
mission, with o given lounch vehicle, for o specific flight, ond encomposses
the octuol LVDC flight progrom softwore development; its simulotion,
verificotion, ond design ossuronce opprovols.

(r), (2), (3), (4), (5)
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070-008-01 I

FLIGHT PROGRAM
DEVELOPMENT EVENT
SEQUENCE AND MlLESTONEs

Preporotion for ond development of flight progrom topes is the most complex

ond demonding tosk included in the entirc softworc progrom. An extensive

inter-chonge of doto ond documentoiion betwecn mony ogencies must stort

rnore thon two yeors prior to o given mission ond continue untilvery shortly
prior to vehicle lounch.

While o previous chort illuslroted WHO wos involved in flight progrom

development, this slide shows WHAT ond WHEN.

\

(l), (2), (3), (4), (5), (7)
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070-008-012
MILESTONES FOR

LVDC SOFMARE
DEVELOPME NT

The moiorify of the reseorch studies ond reports ore done independently
by the mony seporote NASA orgonizotions ond their supporting controctors,
but it is Astrionics Loborotoryts tosk to inlegrote oll of this moteriol ot
the time o flight progrom is octuolly to be put together. They hove
controcted with IBM to octuolly prepore the flight progrorn softwore ond

to conduct the simulotion ond verificotion progrom ossocioted with it.

Consequently, it is oppropriote to identify whot IBM is rnore specificolly
responsible for ond when it is due. The chort shows fhe delivery ond

review responsibility between Astrionics ond IBM in order to successfully
occomplish the tosk of preporing the flight progrom.

Succeeding slides will present o rnore detoiled explonotion of whot
eoch of lhe deliveries ond reviews involve.

dq

(7)\_
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070-008-0t 3
TYPICAL FLIGHT
PROGRAM DEVELOPMENT
SCHE DULE

Aiore thon 100 individuol moior doto inputs ond documents hove been
identified thot ore required either qs direct or indirect inputs to
Astrionics Loborotory f or the purpose of producing the three (3) moior
documents from which IBM develops the Flight progrom. These three (3)
moior documents ore:

(l) Mission Defining Documenr (MDD)
(2) Finol Mission Defining Documenr (FMDD)
(3) Finol Flishr Doro Documenr (FFDD)

Phosing of these documents into the flight progrom development cycle
is such thot inputs to Astrionics must occur os follows:

(l) lnput to MDD - Lounch minus 6l weeks.
(21 lnput to FMDD - Lounch minus 33 weeks.
(3) lnput to FFDD - Lounch minus l6 weeks.

ln the obove coses, ihe preporotion of the input doto must begin os much
os one yeor prior to the Astrionics Loborotory input requirements. lt must
beFjfrffi-out thot the moiority of the 100+moior documents comprise
o series/porollel nefwork of constroints upon eoch other. ln oddiiion,
there is the undocumented region of untold numbers of minor (or less
moior) doto thot must be compiled to support those documents thot hove
been identified.

The next severol slides discuss the fu{pp, EDD, FMDD, ond FFDD ond their
identifioble moior inputs (in thot ordcr) ond who prepores them.

The next eight choris represent on effort io depiot o typicol doto require-
ments schedule oriented to lounch dote. lt represents o rstort-from 

-crotch',
condition ond oll requirements need not be repeoted for every flight, porti-
culorly when successive missions ore the some or similor.

Possible duplicotions moy exist in fhe doto schedule. Similor or identicol
doto moy be shown under more thon one description or termirrclogy.

(n, (n
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070-008-0t4
MISSION DEFINING
DOCUME NT

LVDC Mission Defining Document (MDD) contoins the generol mission
description, obiectives, requirements, ond constroints; preliminory
vehicle ond control system doto; preliminory definition of inflighi
functions to be performed by the LVDC such os guidonce, contLl
novigotion, seguencing, telemetry, orbitol checkout, Digitol commond
system operotion, simuloted flight routines, ontenno switching, ond
venting; preliminory time bose kckup ond instrumentotion bockup
requirements; preliminory reol time olternote mission requirements;
prel iminory interrupt ond discrete requirements; pretiminory prope I lont
utilizotion requirements; ond ony other informotion ond/oi requirements
specified for the mission.

From the Mission Defining Document, !BM begins preporotion of moth flow
diogroms ond vorious study octivities. The vehicle porometers ore obtoined
ond o 3D ond o 6D simulotion of the vehicle with o FORTRAN nrodel of the
guidonce equotions is built up. These models orc exercised to determine
ronge of oll voriobles, volidity of olgorithms, behovior of guidonce equo-
tions under extreme perturbotions, odequocy of ottitude computotions,
contro I go i ns, steering miso I i gnment correction requi rements, snrcothi ng
ond filtering requirements, poylood loss due crly to implemented guidonce
method, ond other porometers. The results of these studies ore presented
in o series of meetings with MSFC ond trodercffs ore mode where required.

Additionol studies will be mode to estoblish: discrete input ond output
Progrom requirements ond methods for implementotion; prelounch colculo-
tions; telemetry from the LVDC; ond other speciol operotions required for
the mission under study.

The initiol results of these efforts ore incorporoted info the Equotion
Defining Document, contoining ronge of voriobles, sompling rotes,
filter coefficienfs, oftifude commond goins, steering misolignment goins,
speciol protective feotures for sensitive colculotions, ond o detoiled
specificotion for the flight computer progrom. A flow diogrom will be
included to ossist in defining the progrom, Level I flight Progrom Developmeni
will be initioted upon delivery of this document. The obove studies ore
continued until oll recommendotions in the Equotion Defining Document
hove been verified.

(l), (2), (3), (4), (s)



CO NTINUED-2
070-008-014
MISSION DEFI NING
DOCUME NT

OUTLINE FOR MISSION DEFINING DOCUMENT PREPARATION

Assemble Doto (Check list)

Review

Confirm Mission Requirements vs Doto
Compore with Prior Flight Progroms

Cross Check for Compotibility

Anolysis

tdentifi Speciol Routines/A I gorithms
Check Goins, Limits for Adequocy
Estimote Scoling Requirements

Simulotion

Confirm Novigotion /Gvidonce Equotions ond Pre -Seiti ngs

Check Bock-up Routines
Assess Orbitol Operotion

Publicotion of MDD

(t), (2), (3), (4), (5)
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070-008-015
DOCUME NTATION AND
DATA INPUTS TO MISSION
DEFINING DOCUMENT

The documentotion ond doto inputs to Astrionics for preporotion of the
Mission Defining Document ore required ot lounch doto minus 6l weeks
for releose of the Mission Defining Documenl ot lounch dote minus 57
weeks.

Following is o list of the identified moior inputs to the MDD:

DOCUMENTATION INPUT TO MISSION DEFINING DOCUMENT

Mission Definition
Lobs, (enters, & Stoge Controctor lnputs
Prel. LN Mission Constroints
Venting Doto
Weight ond Moss
Propulsion Doto
Flight Sequence
Aerodynomics
Prel. MSC Mission Profile
Prel . Mission Constroints
Prel. L/V Reference Troiectory
Aerodynomics
Propulsion Doto
Flight Sequence
Atmospheric Doto
Prel . Reference froigsL,
Torgeting Proposol
Prel. Ly'l Guidonce Equotions
Aa nros pher i c Dot o

Vehicle Configurotion
Mission Profile
Boost Aerodynomics
Spoce Environment
Orbitol Configurotion
Mission Profile
Orbitol Aerodynomics
Abort & Alternote Mission Constroints

NASA Hdq.

R-AERO
R-P&VE
R.P&VE
R-P&VE
R-P&VE
R.P&VE
Flight Mech. Ponel
Flight Mech. Ponel
R.AERO
R.AERO
R-P&VE
R-P&VE
R.AERO
The Boeing Compony
The Boeing Compony
R-AERO
R.AERO
R.P&VE
R.AERO
R-AERO
R-AERO
R-P&VE
R.AERO
R-AERO
Flight Mech. Ponel

(4), (7)



Mol function Definition
Abort & ,Alternote Mission Studies
Reol Time Altemote Mission Plon
Antenno Switching Requirements
Ground fest Requirements
Control Goins ond Limits
M/f Filter Definition
lnstrumentotion Bock -up Requirements
Novigotion Equotions
T,/M Requirements (Other thon MCC)
Aerodynomic Doto
Preliminory Mission Constroints
LAZ Guidonce Eqr.ntions
Propulsion Porometers Reference List
Time Tilt Toble
Moin Stoge Propulsion Performonce &
Dispersion Doto
Updoted Venting Doto
Mission Control Center T/M
MCC Digitol Control System
Reol Time Alternote Mission Plon

CONTINUED.2
979_996-Ct5
DOCUMENTATION AND
DATA INPUTS TO MISSION
DEFINING DOCUMENT

Flight Mech. Ponel
The Boeing Compony
R-AERO
R-ASTR.I
R-ASTR-N
R-ASTR-F
R-ASTR-F
R.ASTR-NG
R.ASTR-NG
R-ASTR-NG
R-AERO 4 D/AM
R.AERO-PA
R-AERO-DG,/N
R-AERO.DGIN
R.AERO-DA
R-P&VE,/PP

R-P&VE,/PP
t-Mo
t-Mo
Flight Mech. Ponel

(4), (7',)
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070-008-01 6
EQUATION
DEFINING
DOCUMENT

A Guidonce Studies ond Anolyses effort is concerned with performonce of
system studies which result in the definition of the LVDC Flight Progrom.
The moin result is the generotion of the Equotion Defining Document ond
o moth flow diogrom for eoch flight. The contents of the Equotion Defining
Document ore lBMrs recommendotions br the equotions thot ore to be performed
in the LVDC during preflight ond flight of o specified mission. These equotions
pertoin to novigotion, guidonce, ond control colculotions.

This document defines the Lounch Vehicle Digitol Computer (LVrc) flight
progrom for the powered flight ond orbitol operotions phose of o specific
Apollo Soturn mission. lncluded ore genercl ond detoiled flow chorts,
equotions, ond onolyses covering guidonce, novigotion, control, sequencing,
test ond telemetry functions. ln oddltion, results of digitol computer simulo-
tions ond other detoiled studies fo verifi the flight progrom ore oppended.

The definition provides both o generol description of the vorious ospecis of
the flight progrom ond o bosis for the progromming effort required to generote
the lsvsl I Flight Progrom Documentction.

LVDC Equotion Defining Document (EDD) is bosed on the MDD ond contoins
o e LVDC. The EDD includes the
following: exoct equotions to be solved in the LVDC (olgorithm form);
order in which equotions must be solved; ronge of voriobles; scoling of
quontities; discrete input ond output specificotions; orbitol operotions,
equotions ond definitions; nrode sequencing definition; initiol conditions
ond finol conditions (lGM); sompling rotesl estimoted memory requirements;
spccificotions of oll digitol filters to be used in fie flight progrom, including
those required to reduce the effects of ony undesiroble chorocteristics of the
plotform occelerometer outputs orising from thrust oscillqtionl noise, ond
other couses which offect the guidonce occurttcy ond stobility; ond other
equotions ond informotion specified by the MDD.

(r), (2), (3), (4), (5), (8)
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070-008-0t7
FINAL MISSION
DEFINING DOCUME NT

A follow-up effort is required ofter delivery of the Equotion Defining
Documcnt ond moth flow diogrom. This effort is rcquired to incorporote
minor chongos brought obout by mission chongcs occuring ofter originol
mirsion definition ond prior to issuonce by MSFC of the Fi ns I Mi s s i on
Dcfining Documcnt.

The expected mnge of the importont flight computer voriobles will be
ovoiloble from the results of the vorious perturbed flight simulotion runs.
Frcm these ronges, on envelope con be estoblished within which the guidonce
system performonce con be expected to foll, borring unexpected perturbotions
or foilures.

Finol Mission Defini Documenf (FMDD) is bosed upon the some generol
ll updote ond/or complement the

informotion ond
requirements for

requiremerf,s of the MDD. The FMDD finolizes the logic
the Level ll Flight Progrom. (Ref. eorlier slide on MDD).

(l), (2), (3), (4), (5'), (7)-, (9)
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070-008-018
DOCUME NTATION AND
DATA INPUTS TO FINAL
MISSIO N DEFINING DOCUME NT

The documentotion ond doto inputs to Astrionics for preporotion of the Finol
Mission Defining Document ore required ot lounch dote minus 33 weeks for
relcose of the Finol Mission Defining Document ot lounch dote minus 29

weeks.

Following is o list of the identified moior inputs to the FMDD:

DOCUMENTATION INPUT TO FINAL MISSION DEFINING DOCUMENT

Mission Constroints
Mission Profile
Atnrspheric Doto
Flight Sequence
Aerodynomics
Prel. Refurence Troiectory
Prel. Guidonce Equotions
hopulsion Doto
LA Refurence Troiectory
Prel. Guidonce Equotions
Mission Constroints
Aerodynomics
Flight Sequence
Afnnspheric Doto
Propulsion Doto
C,ontrol System Doto
Venting Doto
Ref. Troiectory
Finql LA Guidonce Equotions
Mission Consfroints
l\rloneuvers
Venfing Doto
Flight $equence
Refierence Vehicle Attitude Time Lines

Flight Sequence Progroms

Finol Antenno Switching Requirement:
Updoted Guidonce Equotion Documents

Reference Troieciory
Updoted Pppulsion Performonce Doto

Updoted Vi$ling D'r,o
Moss Chorocieristic:: (Depletion Cutrcff)
Flight Seguence Dot.r

9pdorca Mission Vshicle Tine Lines

6, (n

Flight Mech. Ponel

R-AERO-
R-AERO-
R.P&VE-
R-AERO-
The Boeing Compony
The Boeing Compony
R-P&VE-
R-AERO-
The Boeing Compony
Flight Mech. Ponel
R-AERO-
R-P&VE-
R-AERO-
R-P&VE-
R.ASTR.
R-P&VE -
The Boeing Compony
R-AERO.
Flight Mech. Ponel
Flight Mech. Ponel
R-P&VE -
R-P&VE-ln-ASrn-
R-AERO-
R.ASTR-EA
R.ASTR-I
R-AERO.DA
R-AERO-DA
R-P&VEIPP
R-P&VE,/PP
R-P&VEAOO
R-P&VE^OO
Flight Mech. Ponel
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070-008-0t9
FLIGHT PROGRAM
DOCUMENTATION

Finol Flight Doto Document (FFDD) contoins mirrcr logic chonges ond
sfonts required in the Finol Flight

Progrom. The controctror sholl osrcis oll chongcs to determine if the
mognltudeof the chonge will neccssitotc on odiustment in the finol
progrom delivcry schedule. Consfonts rcsulting from the FFDD slroll
be within the porometer scoling limits estoblished in the EDD.

Finol Fligtrrt Doto docurnent contents (bosed on the operotionol troiectory )
qre:

Finol Eoost Tilt Profile
Finol Presettings
Finol Sequencing
Finol Orbitol Timelines
Torgeting ond Lounch Azimuth

Guidonce ond Control lnbrmotion Document (G ond CSID)
control system

ond LVDC flight progrom for eoch vehicle. The document constitutes o

single source of generol inbrmofion on the mission ond operotion of the
guidonce ond control system ond LVDC flight progrom. lt includes block
diogroms of the guidonce ond control qystem, generol flow chorts of the
LVDC flight prcgrom, control system equotions, goins, polorities, scole
foctors, sequence of events, ond oll fllght progrom bockup modes. This
document does rrct include test specificotions.

(r), (2), (3), (4), (5)
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070-008-020
DOCUME NTATIO N A ND DATA
INPUTS TO FINAL FLIGHT
DATA DOCUME NT

The documentotion ond doto inputs to Astrionics for preporotion of the
Finol Flight Doto Document ore required of lounch dote minus l6 weeks
for releose of the Finol Flight Doto Document ot lounch minus l2 weeks.

Following is o list of the identified moior inputs to the FFDD:

DOCUMENTATION INPUT TO FINAL FLIGHT DATA DOCUMENT

Mission Constroints
Aerodynomics
Atnrospheric Doto
Control System Doto
LVDC EDD
Flight Sequence
Venting Doto
APS Doto
Weight ond A,loss

Propulsion Doto
Guidonce Presettings
L,r'V Operotionol Troiectory
Mission Constrqints
Monewers
Venting Doto
Flight Sequence
Finol Vehicle Attitude Time Lines
Trocking Network
Operotionol Troiectory Tope
Acquisition ond Loss

Finol Flight gequence

Operotionol Troiectory
Guidonce Presettings
Finol Mission Vehicle ,Aftitude Tirne

Lines

Flight Mech. Ponel
R-AERO-
R-AERO-
R.ASTR.
R-ASTR-
R-P&VE -/n-aSrn-
R.P&VE-
R-P&VE-ln-aSrn-
R-P&VE -
R-P&VE-
R-AERO-
R-AERO-
Flight Mech. Ponel
Flight Mech. Ponel
R.P&VE-
R-P&VE -,/n-aStn
R.AERO-
R-AERO-
The gss;.t Compony
R-AERO-
R-ASTR.EA
R-AERO/FM
R-AERO/FM
Flight Mech. Ponel

The remoining items shown ore the resuliing steps in developmeni ond delivery
of the flight progttm from the 105 pieces of documentotion iust discussed.

Mission Defining Document
Equotion Defining Document

(4), (7)

R.ASTR-NG
IBM



Fligfrt Progrom Development IBM
Fiml Mission Defining Document R-ASTR-NG
Bosic Flight Progrom Avoiloble IBM
Bosic Flight Progrom Verified IBM
Finol Flight Doto Document R-ASTR-NG
Finol Flight Prosrom on Dock KSC IBM (l-V-lU)

CO NTINU€D-2
070-008-020
DOCUMENTATION AND DATA
INPUTS TO FINAL FLIGHT
DATA .EOCUMT NT
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070-008-02 I

FLIGHT PROGRAM
VERIFICATION PI,AN

Prosrom Vcrlflcotion Plon (ryP) tr o plon siotlng how the flight progrom is

includcr thc following items:

(l) A dcscription of the simulotion focllltlcc lro bc uscd.

(2) The results of on onolysis to dctcrmlno spocificolly whot

simulotcd flights sl'rould bc modc to vcrlfu thot the primory

cquotions orC odequote for the mlcrlon ond to insure thot
oli qystem bockups ore excrclscd. Thls number of simuloted

fllghts must tokc into occount thc clmulotlon focilities
ond time ovolloble.

(3) All ftight progrqm functions will bc o33G3sGd.

PVP Dcvclopment

Test runs orc sclected to chcck Progrqm copobility
under o worue cose troiectory cnvclopc bored on

performonce voriotions ond foilurt condltions.

Additionol runs orc requircd lo gencrofe hordwore

follures thot excrcisc oll Progrom bockups.

Eoch successive Fy'P uses previoul experience os o

boseline.

Arlodificotions ore mode to the PVP bosed on mission or
flight progrom chonges.

m verificotion Document (FlvQlcontoins the results of the
irlflcqtlon Plon, exPectedVCfitaCOtlOn eilOff SPeCtfleo ln rnE frogrsm YErrrrr.srt(rrI rrwrr, v^r\

positions ond vcloclty envelopes undcr pcrturbcd flight condltionc,

occurctcy estimotes, ond other prcdlctcd fllght pcrformonce doto. This

will inciude o discussion of uncortctGd problcmr ond ony dcviotions

from the Fy'P.

(t), (2), (3), (4), (5), (le)



CONTINUED - 2
070-008-0?r
FLIGI-IT PROGRAM

VERTFTCATION PI-AN

IBM performs the following to*s:

Asists in debugging the flight progrctm ond investigotes
potentiol problem oreos.

Verifies fhe finol flight progrom. The progrom checkout
procedure will include the following tesfs:

ct. Run the flight progrom under rrcminol and/or perfurbed
condifions continuously through oll sfoges

b. Check the preflight sequencing

co Check the switch selector funciions

d. Run the simuloted flight (SIMFLT) ond pseudo flight
(PSEUDO FLT) prosrom

e. t\bnitor oll PCM outputs by meons of the PCM ground
stotion br speciol tests

Performs guidonce qystem performonce predictlon ond error onoly.sls.

Digitol eror rpdels of oll pertinent subsystems will be constructed qnd

used tro prcpore o guidonce qystern error predicfion for eoch flight' Specific
tosks include:

Estoblish enor rnodels ond procedures. This tod< includes
preliminory studies of subsystems, definition of error
eouotions, ond construction of oppropriote digitol rpdels"

Predicf the totol guidonce errors due to guidonce intelligence errors,
novigotion errors, steering errors, ond curtoff ond sequencing errors.

The results of these predictions ond error onolyses will be incorporoted into
the flight ptogrqm verificotion ond perfurrnonce prediction 6lssuments.

(r), (2), (3), (4), (5), (t0)
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070-008-022
LVDC FLIGHT
PROGRAM TAPE
DEVELOPMENT

The 5slrrn V Flight Progrom tope development is normolly considered to
progrcs! through three steps; Level l, Level ll, ond Finol. However, if
the mission rcquirements ond obiectivcs ore simllor, o duplicote of the
previous flight's progrom is used os the next flightrs Level I flight progrom.
Consequently, eoch flight's tope development octuolly consists of updoting
o previously proven tope (Level l), checking out o developed tope(Level il)
ond then preporing the Finol Flight Progrom.

ln order to record the s661snis of the flight progrom, the EDD is updoted.
ln order to veri| the flight progrom, the vorious simulotion models must be
updoted. These octionr occompony the flight progrom tope development.

The following fligt'rt progroms ond reloted documentotion ore reguired on
eoch vehicle:

m ond Documentotion is o complete
Equotion Defining

Document ond the Finol Mission Defining Document. Docu-
ncntotion includes progrom topes, detoiled flow chorts, progrom
listings, telemetry listings, scoling ond nomencloture, ond
repeotoble simuloted flight nnde operoting procedures.

quotion Defining
Document, the Finol Mission Defining Document, ond the
Finol Flight Doto Document. Documentotion includes
progrom topes, detoiled flow chorts, progrom listings,
telemetry listings, scoling ond nomencloture, ond repeotoble
simuloted flight rnode ond flight simulotion mode operoting
procedurcs.

The controctor sholl penform LVDC softwore (digitol computer progroms)

b. Finol Fli ond Documentotion is o complete flight
progrom reflecting lhe opprov

(l), (2), (3), (4), (5)



CONTINUED - 2
a7a-008-022
LVDC FLIGHT
PROGRAM TAPE
DEVELOPME NT

ond documentotion deliveries os follows:

o. A delivery of the unverified Level ll ond finol LVDC progroms
sholl be mode fo MSFC concurent with the initiol delivery
to the controctorts simulotion loborotory focility. This
delivery sholl consist of o progrom tope ond o progrom listing.
Any subsequent deliveries of unverified progroms required by
MSFC sholl be directed by the Controcting Officer.

b. Formol deliveries of verified Level tt ond Finol Flight progroms
ond documentotion sholl be mode to MSFC ond KSC. pending
estoblishment of the revised detoiled requirements ond procedures
through seporote controctuol oction, the present procedures ond
requirements sholl remoin in effect concerning delivery of the
Level ll ond Finol Flight Progroms.

(l), (2), (s), (4), (5)
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070{843
FLIGHT PROGRAM
BASELINE REVIEWS

Bopllnc pvlowr orc cttoblirhcd ot thor tlmcr ln o progrom whcn it is
n.cGrrory lro uflxx thc dcsign, dcvclopnrnt, or production of o ryrtcm,
cqulprnnt, or foclllty in ordcr to hovo o polnt of rcfcrencc for control
ond rnoln$clrnc. of dcrign. A borlc prmkc of the bosclinc conccpl is
thot thcrc murt bc o rccognizcd ond docurncnicd stotGmGnt of raqulnmcnti.
Oncc rtoird, ony chonges to thasc rcqulrcmcnts will be documcntcd so

thot thc curcnt rtotus ond configurution of o progrom moy bc iudgpd in tormr
of confirnnoncc lro cstob|ishcd rcqu|rcnrntr.

PRELTMTNARY DESTGN REVTEW (PDR)

The flight progrom pretiminory dcsigrn rcvlcw is o formol tcchnicol
rrvicw of thc borlc dcslgn opprooch uscd ln thc Equotlon Dcflning
Documnt (EDD). This rcvicw prtscnts the bllowing:

l. Fligttt progrcm dcsign philorophy
2. Lounch Vehicle Digitol Computcr (LVDC) nemory utilizotion
3. Crltcrlo for scoling requircmcnts
4. Results ftom rmth rodel simulotions
5. Possiblc pmblcm oreqr
6. Krtwn dcviotions from originol definition

Its purpor is lro orcurc thot the EDD is o sound boseline for thc flight
pnogrctm. (ltrc prcvious vchicle flig[tt prcgrom forms the bosir for eoch
succccding onc).

cRtTtcAL DESTGN REVTEW (CDR)

Thc fllgftt progmom criticol dcrign rcvlcw is q formol tcchnlcol rcvlcw of the
dcsign for the Lcvcl ll Flight Progrom os dcflncd by the EDD and ihe Progrom

Vcriflcotion Plon. This rcview pnss.nh the following:

l. Chongas io thc EDD ond their progrom impoct
2. lnpoct of thc FInol Micrion Dcflning Documcnt (FMDD)
3. Borls ond limitotionr of the Progrom Verificoiion Plon
1. Thc finol conflgurotlon of the Lcvcl ll Flight Progrom
5. Outstondlng chongos to thc Lcvcl ll Flight Progrom (FFCR's)

(r), (2), (3), (4), (5), (r5)
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070-008-023
FLIGHT PROGMM
BASELINE REVIEWS

Its purpose is to qsure thqt the EDD ond its chonges odequoiely define the
design for the Level lt Flight Progrom, thot the Progrom Verificotion Plon
specifies on odequote verificotion proccdure br the Levcl ll Flight Progrom,
ond thot the Level ll Flight Progrom dcsign will sotisfo oll krrcwn require-
ments existing fhrough finol MDD del,ivery.

FINAL CONFTGURATTON REVTEW (FCR)

The finol configurotion review is o formol technicol review of the finol
flight progrom ond documentotion. This review presents the following:

l. Review of oll flight progrom input requirements, including
chonges to boseline docurnents.

2. Review of finol flight progrom implementotion.
3. Review of finol flight progrom verificotion hisfory ond verificotion

resu lts.
4. Description of oll finol flight progrom documentotion.

Its purpose is to verify thof oll chonges not incorporuted in the Level ll
Flight Progrom hcnre been incorporoted in the Finol Flight Progrom, thot
the Finol Flight Progrom reflects oll previous progrom specificotions ond
chonges, thot the documentotion hos been updoted, thot the progroms hove
been verified in occordonce with the Progrom Verificotion Plon ond proven
flightworthy, ond thot the progroms ond the reloted documentofion ore in
complete ogreement.

The preceeding discussion wos concerned with configurotion boseline reviews
to the fli . As o motfer of generol informotion

o describe principol configurotion
rmrrrgpment reviews os they ore defined in the MSFCConfigurotion Monoge-
ment Monuoll

I. Preliminory Design Review (PDR) - is o formol technicol review of the
bosic design opprooch for o controct end item. The PDR is occornplished
prior to, or eorly in, the detoil design stoge to ensure compotibility
between the selected bosic design opprooch, os identified by Port I

of the Controct End ltem (CEl) Detoil Specificotion, ond fhe progrom
requirements ond criterio .

(r), (2), (3), (4), (5), (r5)
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070-008-023
FLIGHT PROGRAM
BASELINE REVIEWS

Thc primory products of o PDR orc idcntlficotion of engineering documentotion
which estoblishes physicol ond functlorpl rclotionrhips of the CEI to orher sysrem
cquipmcnt/fiocilities ondopprovol of Port I of the CEI specificotion,

2, Thc Criticol Design Review (CDR) - is o brmol technicol review of the
detoil dcsign ond performonce chomcteristics of o controct end item.

The CDR is occomplished when the dctoll dcrign is essentiolly complete in order
to estoblish the design ond provide thc bosls for forrnol releose of engineering
drowings describing the CEl, for puryors of monufocturing, prgporotion of
technicol monuols, certoin tesf octivities, ond other supporfing octivities.

The primory product of the CDR is identificotion ond NASA opprovol of
spccific enginccring documentotion which defines the design of the cEt
ond which will bc rclcoscd for monufocturing of the unit.

3. The First Article Configurotion lnspcctlon (FACI) - is o comporison of o
selected orticlets configurotion with the CEI specificotion (Port I ond
Port ll) to estoblish the poduct configunotion boseline for the controct
end item.

FACI rcsulfs in fhe opprovol ond contrcctuol implementorion of Port ll of
the CEI specificotion.

The primory product of the FACI is occeptonce by the procuring ogency of
Fort ll of the end itcm detoil rpcclflcotlon os on oudited ond opproved document
ond contructuol implemcntotion of Port ll os the product configurotion boseline.

4, Thc Flnol Conflgurution Rcview (FCR) - is o fonnol tcchnicol review of the
dclivcnqblc CEl.

The FCR, ir pcrfurmcd prior to initioiion of simuloled countdown. The purpose
is tro vcrlfi thot oll chonges opproved since FACI hove been incorporoted,
the docunpntotion hos bccn upCoted ond lhot t*re configurution ond reloted
documcntollon orc in complete ogreGmcni.

(r), (2), (3), (4), (s), (r5)
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FLIGHT PROGRAM
BASELINE REVIEWS

Vorious dcAress of chonge control ore opplicd to the controctors with eoch
succesive boscline review. Normol quolity oriuronce surveilloncc is
conductcd throughout the monufocturing, terting, instollotion, ond chcck-
out phoscs of o progrom to ossure complionce with cngineering requirements.

I

't

(r), (2), (3), (4), (5), (ls)
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070-009-0a4
CHANGE
CO NTROL

A declsion to corrcct thc flight progrcm whrn o problcm it dircovcrcd in
the verlficotlon process is boscd on thc following, in ordcr of priority:

(l) The effcct (mission foilurc, lors of rcdundoncy, ctc.)

(2) fhc probobility (o combinqtion of unlikcly cvcnts or iim
restricted)

(3) The impoct (how complex, cxpensivc, schedule impoct,
trodeoff in reliobi lity)

Finol decisions on flight pnrgnom chongcr orc modc by thc progrom
monog€r.

Reverificotion of the fllght progrom is ncccssory if o chongo hos bccn mode
in it. However, the following rtstcmcntg gencrolly opply:

l. A complete rorun of oll pertu$otlon cos.r ls not usuolly rcquired
ofter o single flight progmm chongc.

2. The nominol run is repeoted os o stondord for comporlrcn.

3. PErturbotion cosor ore sclcctcd from thc PVP bosed on thclr
opplicobility to the chonge.

4. Speciol runs ot€ sometlmcs dcvlsad fo crcotG specific tcrt conditions.

(11, e), (3), (4), (5)
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070-008{25
SOFMARE CHANGE
PROCEDURE (CLASS r

c HA NGE S)

To impose effective chonge control of the fli$rt progrom ond to permit
corrections when o problem is discovered in the verificotion process,
procedures must be estoblished ond terms defined. Following is o defi-
nition of Closs I chonges.

Closs I chonges ore sg designoted whenever one or npre of the following
items ore offected:

l. Controct specificotion, controct price or fee, confroct weight,
controct guorontees, controct delivery, or controct test schedules.

2. Controct reliobility or controct mointoinobility.

3. Performonce os stoled either in definite terms or gools or os

experienced in items in service use.

4. lnterchongeobility or o chonge in cotegory regording substitution
or reploceobi lity .

5. Sofety

6. Electricol interference to communicotions, electricol equipment, or
e lectromognetic rodiotion hozords.

7. Aerospoce ground equipmenf /svpport equipment (AGE/SE) troiners,
troining devices, or government furnished equipment (GFE).

8. Present odiustments of preset schedules to the extent thot (o)
new identificotion must be ossigned or (b) operoting limlts qre

offected.

9. Systems, equipment, or focilities produced by other contrsctors to
the extent thqt the offected controctor must occompli*r on engineering
chonge to mointoin compotibility of ihe interfoce.

10. Operotionol computer progroms.

(r), (15)



CONTINUED .2
070-008-025
SOFTWARE CHANGE
PROCEDURE (CLASS I

cHANGES)

Closs I chonges to the flight progrom ore processed occording to configurotion
monogement procedures os exploined in MSFC CMM-002-001-2H ond R&DO
directive 4-l I .

An MSFC loborotory con initiote o chonge by meons of on ECR (MSFC
lorn 2327). A controctor initioted chonge is by meons of on ECp.

The requested or proposed chonge is processed through the responsibte
proiect office (l-V-lU) ond identified os on ogendo irem for ihe oppropriote
configurotion control boord (CCB). The 669, in occordonce with their
procedures, odvise offected controctors of the ECR (requesting impoct chonge
pockoges) ond coordinote odministrotive ond technicol evoluotion of the
controctorst ECPts between lO ond R&DO.

R&DO onolyzes eoch ECP to determine oll end-items offected ond technicolly
ossesses the chonge. An evoluotion report is prepored to record their findings
ond stote their recommendotions for opptovol or disopprovol. After technicol
evoluotion, reconciliotion of technicol oreos, ond ogreement between the
responsible R&DO loborotory orgonizotion ond tO proiect offices ond offected
contrqctors, the chonge pockoge is octed upon by the oppropriote CCB.

The oppropriote CCB will formolly oct upon eoch chonge pockoge by issuing o
ccBD (CCB Directive), either opproving or disopproving the chonge. (CCBD's
constitute the sole outhority br chonge implementotion).

The decision is processed bock through the proiect offices for instruction
sheets ond to the controcting office for implementotion by offected controciors
os required.

(r), (r5)
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070-008-026
SOFMARE CHANGE
PROCEDURE (CLASS Il
cHANGES)

CIoss ll chonges ore ony chongeswhich do mt foll within the previously

noted coiegories.

Closs ll chonges ore coordinoted between IBM ond Astrionics ond ore not

processed through o configurotion control boord.

(1)
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070-008-027
FLIG'.IT PROGRAM
VERIFICATION
ACTIVITIES AND
DOCUME NTATIO N

This slide illustrotes LVDC Flight Progrom vcrificotion octivities ond moior
ossociqted documentotion. Time phosing u$d for plonning purposes is olso
shown (in weeks).

Progrom Verificotion Plon (PVP)

The Progrom Verificotion Plon (ryP) is o plon stoting how the flight progrom
is to be verified before it is flown. lt includcs the following items:

(l) A brief description of the existing simulotion focilitics usad.

(2') The results of on onolysis to determine specificolly whot simuloted
flights should be mode to verifr thot the primory equotions ore
odequote for the mission ond to insure thot oll q/stem bockups ore
exercised. This number of simuloted flights must toke into occount
the simulotion focilities ond timc ovoiloble.

(3) A description of oll plonned perturbotions.

(4) The expected flight environment, such os signol noise ond combinotions
of perturbotions.

PVP Development

Test runs ore selected to check prcgrom copobility under o worse coie
troiectory envelope bosed on perbrmonce voriotions ond foilure conditions.

Additionol runs ore required to generote hordwore foilurcs thot exercise qll
progrom bockups.

Eoch successive PVP uses previous experience os o boseline.

AAodificotions ore mode to the PVP bosed on mission or flight progrom
chonges.

All Digitol, Sim. Lob ond SDF Verifiootion

A discussion of "oll digitolr " sim lob ond Systems Dcvelopnrnt Focility (SDF)

verificotion octivities is presented loter in this scction.

(8), (r0)



CONTINUED - 2
07a.0,08427
FLIGHT PROGRAM
VERIFICATION
ACTIVITIES AND
DOCUME NTATION

Reverificotion

A complete rerun of oll perturbotion coses is not usuolly required ofter
o single flight progrom chonge. The nominol run is repeoied os o stondord

for comporison. Perturbotion coses ore selected from the PVP bosed on
their opplicobility to the chonge. Speciol runs ore sometimes devised to
creote specific test conditions.

Flight Progrom Chonges ond Chonge Approvol

A decision to correct the flight progrom when o problem is discovered in
the verificotion process is bosed on the following, in order to priority.

(l) The effect (mission foilure, loss of redundoncy, etc).

(2) The probobility (o combinotion of unlikely events or time restricted).

(3) The impoct (how complex, schedule impoct, trodeoff in reliobility).

Flight Progrom Verificotion Document (FPVD)

The Flight Progrom Verificotion Document (FryD) contoins the results of
the verificotion effort specified in the Progrom Verificotion Plon, expected
positions ond velocity envelopes under perturbed flight conditions, occurocy
estimotes, ond other predicted flight performonce doto.

A description of eoch uncorrected problem ond on explonotion of why it wos

not corrected is included in the document. Deviotions from the Progrom

Verificotion Plon (PVP) ore identified ond exploined in eoch cose.

(8), (lo)



THIS PAGE INTENIIONALIY LEi{ BIANK

L



LtJ
U

=? E= I=

J -=u -ail 3-'+tfA iHil-I-= BR
lrl -f,] tzt66t'r 6O

E :;E33a1T3g bbf6pt==
up =?liE?$i:
;E 

==iFuEHH
=* ===ffEdE"r5 .oooo.

uJ ,rt
rl ]lI-6fE

LNJK EE A

Ez'6*fr o=I dr iEHeFI D<OF=b gd=#p
4q Jr,6uJ3

;= i6ttF
:H =!*=8i3 :==;=
= < lL..rr lL E J
EE ooooo

o\o
aYl

-
e
z,o
tr

D

=./l

E
(9
5

^lEtt-l
ttl

1I
El
J

>l
ulol
r-l<l
d.o6

z,IF
=
=

EI
6

3^<
rLl

(jJ26qB2
JOJO

B E ?A
i 2 U;
,rt ^L - UJl-Lrt!-

z.=fE

5 
= 

E 
=

96r:

i g v=
a6J-l
H 2; il

iH*-H. ? 
= 

r
gru2ur
1!; !
=JuJ8 = E=
oooo

I
U)trl ui,
:.C'F-
r-F
rt Ui, fi
r 

- 
i.

,t 
- =

- 
j.r JEE 3

-E ze-t I
-rrF

=CJ 
J

-loU ;
-tu-cr) ia= ELr Z.l*r ;- =J 

-t I
d 

- =,-lllJ

nEHFCT
-, CJ
----



070-008-028
HUNTSVILU SIMULATION
FACILITIES - CHAMCTERISTICS
AND CAPABI!-ITIES

Two principol simulotion focilities orc uscd in Huntgvillc to verify proper
performonce of the flight progrcrm prior io its use ot ihe Systems Development
Focility (SDF) ond ot KSC. Thcr ore the "oll digitol" simulotion focility
(lBM 360) ond the R-ASTR Digitol Simulotlon Loborotory.

360). Thc "oll digltol " simulolion is

) A 6 dcgree of frcedom vehiclc
simuloior (3 degrees of tronslotionol frccdom ond 3 degrees of rototionol
freedom) which simulotes vehicle perturbotlons (b) An LVDC simulotor
which is o bit-by*it simulotor with trop ond truce focilities. One limi-
totion of this system is thot it is relotively slow, os shown on the slide.
Arrcther is thot it does not test hordwore/softwore compotibility.

Digitol Simulotion Loboroto The Digitol Simulotion Loborotory
. lt uses 5 cornputers (including

the LVDC) ond provides reql time simulotion. A flight type LVDC, LVDA
ond switch selector ore used ond hordware/ot'tware compotibilily is tested.
Onq limitotion of this qystem is thot there is limited occess to internol
LVDC qr.nntitjes,

ln oddition to the qbove simulotion focilities there is olso on ASTEC/ACAPE
test focility wlich utilizes o progrcmmoble test controller (PTC) ond on LVDC.
This focility is not 6-D qnd connot run in flight rode. Tests con be run with
or without on LVDA. The focility is used for reol time checkout ond debug.

-ASTR

(r), (10)
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070-008{29
LEVEL I FLIGHT
PROGRAM ACCEPTANCE
TESTS

The Level t Flight Progrom is o preliminory flight progrom bosed on infor-
motion contoined in the LVDC/LVDA Equotion Defining Document for o
porticulor mission. The occeptonce tests which ore performed on this progrom
ore out!ined in this slide.

(8), (r 3)
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070-008-030
LEVEL II FLIGHT PROGRAM
ACCEPTANCE TESTS AND
PREPARATI ON OF KSC TAPES

The Level ll Fl ight Progrom is o complete flight progrom ref lecting the
opproved LVDC Equotion Def ining Document ond the Finol Mission Defi ning
Document. Acceptonce tests perf ormed ond topes prepored ore shown on this
slide. Current plonni ng col ls for del ivery of the Level ll Flight Progrom
onddocumentolion opproximotely ten (10) weeks prior to lounch. Documen-
totion includes progrom topes, detoiled flow chorts, progrom listings, telerneiry
listings, scoling ond nomencloture, ond repeotoble simuloted flight nxode
qnd fli ght simulotion mode operot ing procedures.

(8), (13)
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070-008-031
ALL DIGITAL
PERTURBATICN
RLtNs (TYPICAL)

This slide lists typicol perturbotion runs for the System 360 6D/LVDC
Simulotion. Exoct perturbotions ore given in the Progrom Verificotion
Plon for eoch mission.

(8), (12)
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070-008-032
SIMULATION LAB

PERTURBATIONS
(TYPICAL)

This slide lists lypicol simulotion lob perturbotions. A detoiled listinil
is ovoiloble in the Progrom Verificotion Plon for eoch mission,

A greot deolof redundoncy exists between the IBM 360 oll digitol ond ihe

simulotion lob perturbotion runs. This is done intentionolly to provicie
greoter confidence in ihe totol verificotion effort.

(8), (r2)
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070-008-033
SATURN V SYSTEMS
DEVELOPMENT FACILIry
(BREA DBOARD)

The 5q1r.. V Systems Development Focility (SDf ) provides on electricol
simulotion of the Soturn V vehicle ond electricol support equipment with
some items of flight-type hordwore being used. liemsof flight type equip-
ment include the LVDC/LVDA, ST-124M plotform, switch selectors ond
the flight control computer. The breodboord is the finol proving ground
for flight progrom topes prior to their delivery fo MSFC ond KSC. Nominol,
occeleroted ond obort-toorbit runs ore mode ot the SDF.

(r0), (r2)
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070-008-034
DIFFERENCES BETWEEN
FLIGHT AND SIMULATED
FLIGHT

Jhis chori i\\ustrotes the djtterences thot exist belween o s.rmu\oted ilightond the octuol flight of o vehicle.

\--,
(12)
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070-008-035
IBM POSTFLIGHT

EVALUATION TASKS

Doto necessory from MSFC for the postflight evoluotion effort ore:

Telemetry topes ond chorts from the overoll systems test, for
eoch vehicle ot KSC, covering the lU operotion.

All telemetry topes ond chorts from eoch flight covering the tU
operotion, os specified in the Contrqctor Doto Requirements Document.

The necessory colibrotion curves ond/or other doto necessory for
interpreting these telemetry topes ond chorts.

Ronge trocking doto in the form of troiectories for the comporison
with guidonce computer doto.

The primory reports issued by the IBM postflight evoluotion group ore listed
below with the delivery times bosed on the flight:

Quick look report

lntermediote evoluotion report

Finol evoluotion report

72 hours ofter flight

2l doys ofter flight

60 doys ofter completion
of lU mission

POSTFLIcHT EVALUATTON pt-AN (pEp) DEVELOPME NT

The PEP will define:

The postflight doto formot.
The quick look evoluotion procedures.
The techniques for evoluotion of progrom performonce.
The techniques br evoluotion of totol novigotion errors,

The PEP will contoin the results of on error onolysis bosed on meosured
or known errors ond onomolies.

PoSTFLIGHT EVALUATTON DOCUMENT (PED) CONTENTS

Review of lounch problems

Event ond switch selector time compored to nominql

(r), (2), (3), (4), (5)\_



CONTINUED - 2

070-008-035
IBM POSTFLIGHT
EVALUATION TASKS

A description of novigotion, guidonce ond control performonce

Terminol condifions compored to nominol (Enor Anolysis)

A .description of flight progrom operotion compored with preflight
simulotion

A summory of molfunctions ond deviotions

l

(r), (2), (3), (4), (s)
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070-008-036
SUMMARY OF BOEING
POSTFLIGHT CONTRACTUAL
TASKS

The 9691.t Soturn Flight Evoluotion Activify is composed of 36 individuol
tosks with deliveries beginning on the doy of lounch + 120 doys.

Technicol onolyses ore performed in the following oreos:

o. Post lounch troiectory reconstruction.

b. lnspection ond onolysis of telemetry doto.

co Structurol ond loods onolyses.

d. Dynomic ond control onolyses.

e. Propulsion system performonce reconstruction.

f. Aerodynomic ond oerothermodynomic onolyses.

Eoch of these Flight Evoluotion Activities hove required the development of
extensive onolytico! ond computer progrom soffwore oble to perform mony of
the required Flight Evoluotion tosks.

Additionol support is provided in progrom monogemenf ond in publishing
Fli ght Evoluotion reports.

Boeing olsoprovides technicol osoirtonce fo the Flight Evoluotion Working
Group (FEWG) in preporing the necessory FEWG reports.

FLIGHT EVALUATION TASKS

(l) Provide o post-flight reconstruction of propulsion system flight performonce

The Post-flight Reconstruction provides doto for evoluotion of
troiectories, flight control qystems, S-lC sioge clustered engine
performonce ond structurol loods.

(r), (2), (3), (4), (5)



CONTINUED - 2

070-008-036
SUMMARY OF BOEING
POSTFLI G HT CO NTRACTUAL
TASKS

2. Summorize propulsion system flight evoluotion ond review ond verifo
stoge controctor propulsion qystem inputs to FEWG.

The summory of oll propulsion qystem flight evoluotion efforts
in documented form, ond review of stoge controclor propulsion
qystem inputs to the Flight Evoluotion Working Group (FEWG)'
ore l'ncluded in fhis tosk.

3. Review stoge controctor flight reports to RVE

The post-flight review of the 60-doy stoge controctorrs reports
provides o documented review ond verificotion of the propulsion
sections of the reports.

4. Produce the propulsion dqto requirements for input to the processed doto
requirements document .

The Propulsion Doto Requirements Tosk identifies telemetry doto
required for post-flight propulsion performonce onolyses.

This informotion from postflight onolyses is then used in preporotion of the nexf
mission flight progrom.

(r), (2), (3), (4), (5)
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APPENDIX "A"

SATURN V FLIGHT PROGMM DEVELOPMENT SOURCE DATA

070-008

l. MSFC MSFC Flight Softwore Presentotion
br Guldonce Softwqre Tosk Force
Fobruory 23, 1968

2, The Boeing Compony Sotvrn V Progrom Documentotion ond
Sofiworc Tosk 8.0 Flight Vehicle Systems
Anolysis Progrom

3. IBM t{o, 67-tll-0012 Soturn V Vchicle Flight Progrom

4. The Boeing Compony Sympsis of Soturn V Softwore Progrom
Rcqulncments ond Development Study
Moy 26, 1967

5. The Boelng Compony Soturn V Mission Plonning, Februory 1967

6. MSFC Softwore Development Presentotion
(Unidcntified)

7. l-V-lU-1577-& MOD 7& ro Controct NASS-14000

8. IBM No. 7915M1 LVDC EDD for AS-503

9. R-ASTR-NG-49-68 FMDD tor AS-503

10. lBM No. 68-Kl0-007 PVP brAS-503 (D-Mission)

I l. No Numbcr Astrionics Systems Hondbook

12. MStC-lvlAN-sO3 Soturn V Flight Monuol

13. 66-966-0003 Novigotion, Guldoncc, ond Control
Systcm Dcscrlptlon

14, FC-004 Soturn Lqunch Vchiclc Systcms Hondbook

15. CMM-MSFC-002-001-2tl Soturn V Configurotlon lvlonogemGnt Monuol
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