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INTRODUCTION 

PURPOSE 

The Saturn IB Project Development Plan ia preparod In accordance with 
the requirements of paragraph 1. 4.1, Apollo Program Dwelopment Plan. The 
Saturn 1B Project Development Plan, herein called the PDP, ta established and 
wm be maintained by the Saturri IB Program Manager tu clea:J>7 identify the 
program requirements. responsibiUties. tasks. roaourcca. and time phasing of 
&be major actions required to accomplish the Saturn 1B Program. This PDP will 
be lhe single. integrated MSFC summary document which wJll: 

1. Delineate the manner in which the objective of the SaLUrn JB
Program, as established by NASA1 shall be achieved;

2. Be the primary decision/ approval documentation or the Satum
1B Program Office for the evaluation of program performance
and proposed program changes;

3. Be the basic guidance/ directive instrument to participating
organizations for implementation of approved program changes.

Program planning and implementation by organizations parUcipatlng in 
the Saturn IB Program will be responsive to and consistent with this PDP. 

Thi• PDP is not intended to provide an exhaustive treatment of each pro­
gram eleinenL Radler. the approach has been to provide sufficient information 
on each aubject to ■atiafy the needs of most readers, while at the same time 
making reference to apl)Nprlate supporting documents where greater detail may 
be found. Al80, in order to avoid unnecessarily frequent updating of this PDP. 

reliance by reference hu been placed on the current approved edition of basic 
and authoritative NASA, OMSF, Apollo Program. and Saturn IB documents. 
Prime example• of theae are: 

1. The NASA Management Instructions for agency wide policies.
regulatlona. and procedure11;

2. The MSF Program Operating Pian ( POP) for budgetary and
funding data;
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3. The Schedule and Review Procedure (SARP) Charts for Program 

Schedules and Assessments; 

4. The Apollo Flight Mission Assignments Documents for individual
mission objectives and configurations;

5. The MSFC Administrative Regulations and Procedures;

6. The Saturn IB Project Specification for vehicle design require­
ments and vehicle configuration;

7. Saturn 1B Program Directives;

8. Individual Saturn 1B Mission Directives, published for each

launch vehicle.

UPDATING 

Revisions to this PDP will be published semiannually (January and July) 
in the form of replacement pages. Significant program changes or declsiona 
which occur between scheduled revisions to the PDP will be disseminated in the 

form of Program Directives. 

BACKGROUND 

In 1958 Congress created the National Aeronautics and Space Admlniatra­
tlon to direct those aeronautical and space activities spansored by the United 

States which are devoted to peaceful purposes for the benefit of mankind. Con­
gress stated that aeronautical and space activities shall be conducted so as to 
contribute to one or more of the following objectives: 

1. 'l1le development of aeronautical and space vehicles,

2. The scientific investigation of apace environment,

3. The manned exploration of ■pace and the solar system,

4. The application of ■pace ■cicnce and technology for peaceful uses,

5. The application of ■pace •cfenco and technology in support of
the National Defenae.
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In September 1959 the Booster Evaluation Committee of the Office of the 
Secretary of Defense, follow ing a series of presentations on Saturn, Nova, and 
Titan C launch vehicles. chose the Saturn system, then being developed by the 
Army Ballistic Missile Agency under ARPA Order 14-59, as the launch vehicle 
family that would most feasibly promote NASA objectives of space exploration. 
Based on recommendations of the Booster Vehicle Evaluation Committee, the 
NASA Administrator, on December 31, 1959, established a ten-vehicle Saturn I 
R&D program. On July 1, 1960, the Saturn Program was formally tra:1sferred 
to the George C. Marshall Space Flight Center ( MSFC) . In January 1962 NASA 
authorized MSFC to design and develop a large, three-stage launch vehicle, 
Saturn V, to launch the thr(..>e-man Apollo spacecraft, under development by MSC 
Field Center, on circumlunar flights and manned lunar landing missions. 

On July 11, 1962, NASA announced that an advanced Saturn I vehicle, 
the Saturn IB, would be developed for manned earth-orbital missions with full­
scale Apollo spacecraft. This member of the Saturn family combines the third 
stage and instrument unit 01· the Saturn V with an improved version of the fh•st 
stage of the Saturn I. 

THE SATURN IB PROGRAM 

The Saturn IB Program objectives will be achieved as the culmination of 
a logical and carefully planned and managed development program. 

This program will result in an operational two-stage launch vehicle 
capable of placing a payload of approximately 40, 000 paunds into a low earth 
orbit. The Saturn IB will have sufficient payload capability to launch a manned 
Apollo spacecraft into low earth orbit for extensive mission exercises and for 
operational tests. As defined in the Apollo Flight Mission Assignments Docu­
ment, M-D MAS00-11, the Saturn IB launch vehicle will make these Apollo 
apacecraft tests possible far in advance or the development of the Saturn V 
launch vehicle. 

The overall Saturn IB Program conaisl• of five major mission types. 

1. Unmanned Suborbital Flight,. Thi• phase 11 a developmental phase
for the launch vehicle and the Apallo epacecraft, and wut verify the compaUbility 
and structural integrity of CSM-Saturn 1B. FurU..rmoro. U ._.,m test the launch 
concept pertaining to checkout and launch facUilio• and CIQ\&lpment. 
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2. Unmanned Earth-Orbital LH2 Experiment. This mission will qualify
the continuous venting system, demonstrate the Saturn V 5-IVB orbital engine 
chilldown and reclrculaUon system, and determine orbital tank fluid dynamics 
and thermodynamics of lhe B-IVB stage. In addition, it will check out the S-1.VB 
and Instrument Unit in an orbit.al environment and will demonstrate mission 
support facilities required for launch and mission orbital operations. 

3. Manned Earlh-Orbttal CSM Long Duration Operatior.s. This phase
will follow the unmanned launch vehicle and spacecraft qualification and will 
verify the man/system interfaces and demonstrate the crew/CSM/Ground 
Systems performance for extended missions. 

4. Unmanned Earth-01·bUal LM Development. This mission wJll pro­
vide verification of LM systems operaUon, demonstrate LM fire-in-the-hole 
abort, and provide an evaluaUon of the LM staging characteristics. 

5. Manned Earth-Orbital Dual Launch CSM-LM Operations. This
phase will provide verification of Block II CSM syatems, further verification of

LM systems, and rendezvous, docking, and crew transfer experience. In 
addition, rendezvous missions to simulate the lunar orbit rendezvous phase of 
the lunar mission will extend the experience gained in the Gemini Program and 
will flight-qualify Apollo systems for the lunar misslon. 

The Saturn lB schedule of major mtle•tonea in support of the Manned 
Lunar Landing program is as follows: 

First Saturn IB flight 

First Saturn IB orbital f light 

First Saturn 1B manned flight 
. 

First Saturn 1B LM flight 

X 

1966 

1986 

1967 

1967 



THE MANAGEMENT TASK 

Within the Office of Manned Space Flight, by delegation from the Associate 
Administrator, Manned Space Flight ( AA/MSF) , the Director of Marshall Space 
Flight Center, under the cognizance of the APollo Program Director, is responsi­
ble for the development of the Saturn fam Uy of launch vehicles. By delegation 
from the Director, MSFC, the Saturn 1B Program Manager is immediately re­
sponsible, under the cognizance of the Apollo Pre.gram Director, for directing, 
controlling, and integrating the managementof several development.al activities 
which constitute the total Saturn ID Program. 
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l. l SCOPE 

SECTION 1 

PROGRAM MANAGEMENT 

This section is a summary description of the management philosophy, 
organlzaUonal relationships, responsibility assignments, and communication/ 
coordination modes required to effectively manage the Saturn 1B Program. 

1. 2 MANAGEMENT PHILOSOPHY 

The Apollo Program Office in Washington, under die direction of the 
Apollo Program Director, is responsible for overall Apollo program manage­
ment, actlng within the policy guidelines and broad plans establt11bed by the 
Pro�am Management. Council. 

The George c. Marshall Space Flight Center at Huntavllle, under the 
direction of the M.SFC Director, is responsible for the research, development� 
manufacwre, test, lransportation, and logistics support of the Saturn family 
of launch vehicles and engines. MSFC has basically two line orgamzaUou: 
Research and Development Operations (R&D0) and Industrial Operattou (10). 
The Director of Raioo is responsible for maintaining competence in depth in all 
technical disciplines related to launch vehicles and has responsibility for all 
efforts, including active projects, future project studies, and supporc.tng re­
search work, within the scope of these disciplines. The Director of Jnduatrtal 
Operations is responsible for management of industrial contractor• and MSFC 
in-house element8 in the Saturn program in the areas of concurrent development, 
concurrent manufacturing and testing, and the integration of interfacea. JO'• 
principal functions are contract management and technical direction to the con• 
tractors using the capabilities of the MSFC R&DO disciplines. Other function• 
are fiscal management, logistic management, and facilities acquisition and 
management. Within Industrial Operations, the Saturn IB Program Office, 
under the directiOn of the MSFC Director and the cognizance of the Apollo Pro­
gram Director, is responsible for over&ll Saturn JB Program management. The 
Saturn IB Program Manager reports to the Director of Industrial Operations, hilt 
is responsive to program direction from the Apollo Program Director. 

Saturn m Program Management I� predicated upon the principle of maxi­
mum delegation or reaponatblllty .:md authority. The Saturn IB Program f«lanp�r 
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hu appointed Stage Man�ers who are responsible for directing Saturn IB pro­
ject acuvmea ualgned to Saturn IB Program. 

The Prt\gram Management Council. consisting of the Associate Adminis­
trator for M.a11nod Space Flight and the Directors of the three MSF Field Centers, 
eatabl tabe11 Apollo Program policy and plans, reviews progress, and evaluates 
performance of Apollo Program elements. The Program Management Council 
is rt:::.ponsible for en.au.ring that adequate resOllrces are available for the suc­
cessful conduct of the program and that policy, progress goals, and performance 
goala are being met. The Apollo Program Director operates within the policy 
guidelines and broad plana established by the Program Management Council, and 
is responsible for adviaing the Program Management Council of program plans 
and status, potential problem areas, cost status, and requirements for additional 
resources. The Saturn 18 Program Manager is responsible for advising the 
Apollo Program Director of program plans and status, potential and real problem 
areas, cost status, and requirements for additional resources. 

The Saturn JB Program Manager receives from the Apollo Program 
Director the aUocaUon of ruow-cea needed to carry out the Saturn IB Program 
and, in gross terma, the achedules, mission objectives, program sr<!cificaUons, 
reliability and quality standarda, and development and test plans. Within this 
broad framework, the Saturn ID Program Manager, subject to the approval of 
the MSFC Industrial Operations Director, establishes the detailed schedules, 
financial operating plans, project and system specifications, reliability and 
quality procedures, and detailed development and test plans for the Saturn IB 
Program. 

1. 3 ORGANIZATIONAL RELATIONSHIPS 

1. 3. 1 GENERAL. The primary organlzaUons responsible for the implementa­
tion of the Saturn IB Program are: the Office of Manned Space Flight (OMSF)
within NASA Headquarters, the Apollo Program Office within OMSF, Marshall
Space Flight Center ( MSFC) within OMSF, lnduatrial Operation within MSFC,
the Saturn IB Program Manager within IO, and supporting industrial contractors.
These organizational elements and their reaponalblllties are described in the
paragraphs that follow.

1. 3. 2 NASA HEADQUARTERS. The National Aeronautics and Space Adminis­
tration (NASA), established on October 1, 1968, u responsible for directing
aeronautical and space actlvitle1 of the United 81.atea which are devoted to peace­
ful purposes for the benefit of mankind. Tho orp.nl&ation of NASA Headquarters
la shown in Figure 1-1. The main funcUona of Headquarters are to: establish
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policy, define goals and objectives, approve plans, provide resources, review 
utilization of resources, and review progress toward established goals and ob­
jectives. Within Headquarters, the Associate Administrator for Manned Space 
Flight (AA/MSF), is responsible £or directing and executing the Manned Space 
Flight Programs. 

1. 3. 3 MANNED SPACE F UGHT ORGANIZATION. The overall structure of the
Manned Space Flight organization is shown in Figure 1-2. It consists of three
major functional elements reporting to the AA/MSF. These are:

a. A staff in Washington which provides institutional administrative
direction and support to the Field Center organizations as well as facilities 
management and other required support to the Program Offices in Washington; 

b. The four Program Offices !n Washington which provide overall pro­
gram management direction for the Apollo, Gemini, Advanced Missions, and 
Mission Operations Programs; 

c. The three Field Centers, MSFC, MSC, and KSC which perform their
respective Research and Development programs and implement directives issued 
by the AA/MSF and the Program Director. 

1. 3.4 APOLLO PROGRAM MANAGEMENT. The Apollo Program Director,
under the overall direction of the Program Management Council, is vested with
the sole authority for Apollo Program Direction and is the official source within
NASA for issuing policy directives and imposing requirements on Field Centers.
The Director and his staff are responsible for establishment of overall technical
requirements, program standards, and management policies and procedures to
accomplish program goals and objectives. He provides the program direction
and program coordination necessary for the Field Centers to accomplish their
assigned program tasks.

The Apollo Program Office consists of staff and directorate functions. 
The directorate functions are: Program Control, Test, Reliability and Quality, 
Flight Operations, and Systems Engineering. Figure 1-3 illua&rate• tbia

organization. 

1. 3. 5 MARSHALL SPACE FLICiHT CENTER MANAGEMENT. WUhln the Office
of Manned !Jpace Flight, by delegation from the Associate Admlnl8trat.or for
Manned Space Flight, the Director of the Marshall Space Flight Cen&er 18 directly
reapon,ilble for development of the Saturn I, Saturn IB, 2.11d Saturn V lauach ve­
hlclea and enpoea, uaoctat.ed ground support equipment, and filght operation•
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•upporL This development includes both research and development responsi­
bility and responsibility for the production of flight-ready vehicles. To make
the in-depth technical cr:.,mpetence in all laW1ch vehicle disciplines available to
each Program Office within MSFC as required and at maximum efficiency, Re­
•earch and Development Operations (R&DO) has been established. Jnduetrlal
Operations (10) has been established to execute the responsibiUUc• of managing
the industrial contractors and MSFC in-house production elementa. Figure 1-4
illuau-atcs this organization. The major management rclationahipa exlaUng
among the MSFC elements is illustrated in Figure 1-5.

1. 3. 6 MSFC JNDUSTRIA L OPERATIONS MANAGEMENT. The Oirocwr • In­
dustrial Operations, MSFC, by delegation fr\lm the Director or I.he MarahaU
Space Flight Center, is assigned the overall responsibility for lhe conduct and
management of the Saturn Launch Vehicle Systems Program,. In dhacharg�
these re•pooaibiliUes, 10 performs the following functions:

a. Management of the Saturn Launch Vehicle Systemti Program•. includ­
ing related GS£ a.nd MSFC-usigned Saturn payloads. 10 takes all action.a 
necesaary to enaurc tbal the enUre series of Saturn launch vehicle sy•&ema hi 
success!uUy develoPt!(S, produced, tested, delivered, and launched lO carry oul 
the specif� ml.a1cllon• on the officially scheduled dates and at the most reaaon­
able coal IO Lbe g(,vc;rnmenl wll.hin allotted funds. The term, "Saturn Launch 
Vehicle Syat,m>•" l.ncl�• the complete laW1ch vehicles (Saturn I, 1B, and V). 
MSFC-astiigned p,.1yloada, related GSE and software, and all support, handling. 
and logistics require�ntJ&. 

b. Asaur,: the wehnlcal adequacy of the overall launch vehicle system
and the succeH!'-111 integration or vehicle stages, engines, GSE, associated 
equipment, and PilSFC-:ualgnoo payloads. Wherever possible, courses of action 
and final decisions wUl be reached by mutual agreement between program and 
project manage·rs and responaible R& DO senior personnel involved. 

c. Be tile final authorl4' Oft all program matters assigned by the fore­
going paragraphs, as well •- the launch vehicle and GSE configuration, related 
software, test programs, and quaUly and reliabllity programs. IO will ensure 
that all program partlclpante conform to established systems specifications and 
program requirements. 

d. Direct all government contracUng activities for launch vehicle stages,
program-related facilities, program logiaUca, and MSFC-assigned Saturn pay­
loads, except for those sub-sys&ems and olher Saturn-related elements which 
are assigned to R&DO. 
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e. Manage the off-site field operations of MSFC, including the
Mississippi Test Facility, Michoucl Assembly Plant, and Resident Management 
Offices and attached elements. 

f. Manage MSFC program logistics acUviUes, including spare parts,
propellants and pressurants, transportation, equlpm�nt and facilities, and 
field operations. 

g. Direct a facilities program to provide and maintain facilities and
equipment required for the Saturn program. 

The organization of Industrial Operations is illustrated in Figure 1-6.

1. 3. 7 SA TURN lB PROGRAM MANAGEMENT

1. 3. 7. 1 GENERAL. The saturn IB Program Manager, under the direction of
the MSFC Industrial Operations Director and the Apollo Program Director, is
vested with the sole authority for Saturn IB Program direction. Management
relationships with contractors is illustrated by Figure 1-7.

1. 3. 7. 2 SA TURN IB PROGRAM OFFICE FUNCTION. The functions of the
Saturn 1B Program Office are:

a. To plan and direct the execution of the Saturn m Program within
established technical, schedule, and resources limitations. 

b. To manage the composite MSFC/ industry performance through the
pbue8 or program planning, coordination, and contractor managerlaJ and 
&ecJmloaJ r:llroction in the design, engineering, integration, development, con­
trol. production, testing, delivery, and pre-launch checkout of the Saturn 1B 
vchlekt aod u•oc.lated equipment. 

c. To aoure the technical adequacy of the overall vehJcle sy"tem and
die, �ufu.l ln&egration of vehicle stages and associated equipment within the 
aHlpo.d ml••ion objectlves of the Saturn IB Programs. 

1. 3. 7. 3 �TUJY:' ID PROGRAM OFFICE AUTHORITY. Subject to established
Apollo and M.SPC policy and the limitations prescribed by the Director, MSFC
Jnduatria! Opcwat!ou, the Satum IB Program Manager:

a. la &be off tcial and accowitable source for overall program manage­
ment amt control of the Saturn IB vehicle systems. 

1-12



.... 

I 
.... 

tQ 

ASST DIil 
FOi M1' 

GlOIGI C. IIAISIW.l SPAQ RNilR Clll1II 

INDUSTIIAl OPEIATIOIIS 

lOGISllCS 

SATUIN V PROGRAM 

y Ml 
OIUATIONS 0fFICE 

RESOURaS 

FIGURE 1-6. INDUSTRIAL OPERATIONS ORGANIZATION 



� MSfC INTERNAL MANAGEMENT AND TECHNICAL RELATIONSHIPS 

DIRECTOR 

&D OPERATIONS 

STAFF ...... 1 
L..-------•·: : 

DIRECTOR 

INDUSTRIAL 

OPERATIONS 
. . 

POIICY IIIICIKII : : • PIOGIAM IIIIKllOII
...------, : i Pllll■IIHY PSA 

lAIOIATORY ! PSA�imiw:·iiisiciii",···................ PROGRAM 
: ■(OIMINDAIIOIS Ml NAGER •········ .................. ······•··············· 

�RFi���T ......... ��-��!!L ................ -s,-l-GE_M_A_NA_G_EI-

SlllffllUIS •llCllOII PIOGIAM DIIECllON 

O■PONENTS
OITIAOOIS&

¥lNDOIS 
IN-HOUSE LAI PIO.I. IK•Al SUPPOIJ

SUPPOIT
........................... .. 

DOD & WOO JUINISH SECONDAIY CONTIACT 
ADIINISTIA TION SIIVICES. 

• PIOJICT SUPPOIT ASIHIENT (WOii STATEIENt
fUIIDIIS, SCIIDUU)

IKIN<ll 
WOIAIOIY 
PIISOIIIIL 

IISIDINT ■ANAGa 

SIi COIIIACtGIS 

<ON11K1115 

OfRCIIID'S. 

Ill 30IOA 

FIGURE 1•7. INTERNAL MANAGEMENT AND TECHNICAL RELATIONSHIPS 



b. Is the official source of managerial and technical direction, within
the scope of Project Approval Documents and applicable contracts, for Industrial 
Operations contractors engaged in projects administered by his office. 

c. Is the official source of assurance for technical adequacy of the over­
all Saturn IB vehicle systems, including systems engineering, fabrication, 
quality, reliability, test, and flight operations. 

d. Determines and assigns responsibility for Saturn IB vehicle stages,
associated hardware, and facilities within MSFC and to contractors or other 
NASA Centers. 

1. 3. 7. 4 SA TURN IB PROGRAM OFFICE MANAGEMENT RELA TJONSHIPS.

The Saturn 1B Program Manager and Deputy Managers will:

a. Serve as advisors and consultants to the Director, lnduau-lal Opera•
tions, on matters pertaining to the Saturn IB Program: 

b. Serve as points of contact with NASA Headquartera, NASA Ytold
Centers, other MSFC organizational elements, and private indulr)" Qfl &uort1 
IB Program matters and activities; 

c. Serve as points of contact with, and provide prognni dU"tl:Ct� and
review of Saturn 1B activities performed by the R&D OperaUoaa and U44el&ted 
working groups, panels, and technical committees; 

d. Serve as the central point of determination and dissemination of
program status in all areas of the Saturn m Program. 

1. 3. 7. 5 SATURN IB PROGRAM OFFICE ORG ANlZA TION. The Saturn IB
Program Office consists of three major functional elements reporting to the
Saturn IB Program Manager. Figure 1-8 illustrates this organization. These
elements are:

a. A staff to provide functional support to the Program Manager and
the Stage Managers, 

b. Stage and system Offices which manage their respective projects,

c. Resident Management Offices which provide on-site supervision and
management of the Contractors. 
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The stafr structure is modeled after that of the Apollo Program Office 
directorate structure, with similar areas of responsibility in the correspvndlng 
offices. These 11taff offices are: Program Control, Test, Reliability and �l­
ity, Flight Operations, and Systems Engineer-ing. This parallel structure 
facilitates the day-to-day communication and free flow of information between 
the functional elements in the Saturn 1B Program Office in Washington. In ad­
dition, there is a Management Support Office to provide support in internal ad­
ministrative actions. These staff offices provide program-oriented functions 
related to planning, scheduling, budgeting, and assessment of program accom­
plishments, and assist and advise the line managers on matters related to their 
particular areas of assignment. 

There are four project offices within the Saturn IB Program Office: The 
S-IB Stage Office, the S-IVB Stage Office, the Instrument Unit Office, and the
Vehicle GSE Office. The function of these offices is to define, direct, review,
and evaluate composite MSFC/ industry performance throughout the phases of
planning, coordination, and contractor direction in the design, development,
integration, production. testing, delivery, and pre-launch checkout of the stages,
vehicle ground support equipment, Instrument Unit, and associated equipment.

The Stage, Vehicle Ground Support Equipment, and Instrument Unit 
Project Managers are authorized to take the actions necessary to accomplish 
these assigned functions and responsibilities within the policy delineated by 
MSF/MSFC and the Director, Industrial Operations, for the Saturn l/IB Program 
Manager. These Project Managers serve as the project managers for the Saturn 
IB Program Manager in relationships with the prime contraotors, NASA Head­
quarters Program Offices, and MSFC Research and Development Operations 
Laboratories on matters pertaining to the stages, instrument unit or vehicle 
ground support equipment.as assigned. 

The Project Managers also serve as the control within the Saturn 1B 
Program Office for activities of the MSFC world� groups with respect to 
resol11tlon of stage, instrument unit, or vehicle ground support equipment 
tecbnic� problems. 

There are four Resident Management Offices which have elements to 
provide on-site Saturn IB representation and direction at KSC and certain key 
contractor locations. These are the KSC Residont Office at KSC; the DAC Resi­
dent Office at Douglas Aircraft Company's operatioraa at Huntington Beach, with 
a 01viaion at Santa Monica; the IBM Resident Office at International Business 
Machines' Operations at Huntsville, Alabama; and the GE Resident Office at 
General Electric's Operations at Huntsville, Alabama. 
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1.3. 7. 6 RESPONSlBILITIES OF SATURN 1B STAFF AND LINE OFFICES 

1. 3. 7. 6.1 OFFICE OF THE MANAGER. This office directs and manages the
Saturn IB Program by establlehlng program policies and requirements, determln•
ing program priorities, and effecting a system of program scheduling and status.
analysis; reviews and approves design, production, qualification, and test sched­
ules; ensures that supporting contractors meet requirements of established
schequles; approves technical baselines and exercises control over the technical
progress of MSFC elements in attaining vehicle system objectives; highlights
major technical problems requiring attention of Center top management or higher
authority and recommends solutiona; enaurea effective implementation of Center
management control systems.

1. 3. 7. 6. 2 MANAGEMENT SUPPORT OFFICE. This office performs the
following functions;

a. Establishes and ensures implementaUon of internal administrative
management policy; 

b. Conducts studies involving organlzallon. functional alignment, com­
munication and management systems. manpov.-er. physical apace, and adminis­
trative operations; 

c. Establishes management support policlee1 aystema, methods, and 
procedures required to accomplish management aervlce& and ataff functions; 

d. Develops, prepares, justifies, and modifloa the Jntemal operating
budiet for the Saturn 1B Program Office, and developa, administers, and 
analy&ea policies, procedures, and practices required ln the management of 
lbe approved internal operating funds; 

e. Pro, :es administrative management services and support to all
organizational elements of the Saturn 1B Program, including Resident Manage­
ment and Resident Stage Off ices. 

1. 3. 7. 6. 3 KSC RESIDENT MANAGEMENT OFFICE. SATURN 1B ELEMENT.
Thl8 office:

a. Serves as the Senior Representative for all matters pertaining or
related to execution of Saturn 1B Program Office responsibilities at Kennedy 
Space Center; 
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b. Detects, analyzes, and provides quick-response solutions to problems,
real or incipient, at KSC which may affect Saturn IB program management; 

c. Assures compatibility and continuity of effort by timely planning,
coordination, and implementation to assure mission success; 

d. Implements designated configuraUon management responsibilities
for the launch vehicle and actJve GSE hardware involved in checkout and lawicb, 
and related instrumentation; 

e. Assures prompt, timely, and effective technical support in accol'!lance
with KSC requirements; 

f. Monitors KSC performance on the Saturn IB vehicles as related to re­
quirements developed under the provisions of approved MSFC-KSC agreements; 

g. Actively participates in working groups, panels, technical com­
rulttees, and ad hoc group activities, meetings, conferences, etc., conducted 
at KSC which concern the Saturn IB Program; 

h. Recognizes the authority and responsibility of other agencies and
centers and fully coordinates actions taken or instructions iHued with any 
ofUcial authoritative, joint, or supporting interests eompatible with Saturn IB 
Program responsibilities. 

1.3. 7.6.4 CONTRACTOR RESIDENT MANAGEMENT OFFICES {DAC
1 

IBM, 
AND GE). These offices perform the following functions: 

a. In accordance with MSFC policy statements and the master charter
for BeaJdent Management Offices, provide on-site supervision and management 
of MSFC operations at DAC, IBM, and GE sites and act as the aingle overall 
channel of communications between MSFC and the Contractor regarding assigned 
contract.; 

b. Recognize the authority and responsibilities of other agencies (such
as Army, Navy, Air Force, MSFC and NASA Headquarters) and fully coordinate 
all actiona or lutrucUons with any other officials having authoritative, joint, or 
supporting lntere■ta; 

c. ProvJde on-site supervisior ... 1d control over MSFC personnel as­
signed, attached to, or otherwise present at the contractor plant in relation to 
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asslgneu programs, recommending changes or addltlone as r�•Jired for effec­
tive local program management; 

d. Assign duties to resident representatives which are pertinent to the
dfaciplines and spec¾altties represented: 

e. Establish and maintain appropriate commwilcatton channels between
the Program Manager, Resident Stage Managers, MSFC personnel and the Con­
tractors; 

f. Implement designated configuration management responsibilities and
execute established plans, schedules, budgets, systems, and other resources 
plan• and requirements. 

t. 3. 7. 6. 5 PROGRAM CONTROL OFFICE. The Program Control Office per­
rc,rms the following functions:

a. Establishes program plans and resources requirementa which are
reflected in Program Development Plans, schedules, budgets, PERT. technical 
operating plans, and program operating plans; 

b. Establishes and maintains information channels with counterparta in
the Apollo Program Office, Office of Manned Space Flight, NASA Headquarters; 

c. Provides program guidance and advice to the Saturn IB Program
Manager and his staff and stage managers, and integrates plans and resources 
requirements within the Saturn IB Program; 

d. Coordinates interrelated program schedules; plans and issues
program guidelines and instructions; and maintains control over program sched­
ules, resout"ce allocations and reallocation of funds within assigned limitation; 

e. Analyzes program cost, developing a means of projecting cost through
runout of the program and assuring that program objectives are achieved at 
minimum costs; 

f. Maintains cognizance over the Stage PERT Reports and prepares
the Systems PERT Report; 

g. Coordinates, or prepares and revises, Project Develo.-,ment Plans
for the Saturn IB Program Office; ensures preparation and submission of reports 
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reflecting program plans and resources status; makes timely identlficaUon and 

assessment of problem areas and program balance; and recommends solutions 
to ml11imize impacts; provides a briefing capability on r,rogram e.tacua; 

h. Serves as senior member of the Saturn IB Configuratlon Control
Board on program changes affecting overall program schedules and reeources; 

i. Evaluates procurement plans and contracts to ensure compliance witl,
program objectives and funding plans; 

j. Integrates Saturn IB Program elements to ensure total program con­

figuration management; 

k. Directs management effort in conduct of identification. <.'O!ltrol. and

accounting for Saturn lB system configuration; 

1. Coo.-dinat.es and consolidates managerial data for presentaUon to

the MSF Management Council and as input to the JO Program Control Center. 

The Prog·ram Control Office consists of the Plans and the Requirement. 

Branch, Resources Management Branr.h, and the Configuration and Data 
Management Branch. 

1. 3. 7. 6. 6 SYSTEMS ENGINEERING OFFICE. This office performs the

following functions:

a. Performs, coordinates, or directs the performance of the technical
reviews, analyses, and evaluations required to assure the technical adequacy 

of the vehicle system and interfaces; 

b. Coordinates detailed functional and performance requirements re­
lated to program and system specifications, system descriptions and model 

specifications; 

c. Performs or directs the performance of technical analysis, systems
evaluation, and integration in the areas of mission requirements, weight and 
performance, automation and network. mechanics and propulsion, instrumen­
tation and communications, flight mechanics, dynamics and control, guidance 
and navigation, flight evaluation, and logistics; 

d. Conducts the program technical reviews;
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e. Coordinates and integrates systems engineering aspects within the
program and with the counterpart elements at the NASA Apollo Program Office 
and other space' flight centers. 

The Systemlil Engineering Office is composed of the fun�tional areas of 
Systems Evaluation and lntegraUon. Mission and Payload Requirements, Weight 
and Performance. Automatlon, Networks and Instrumentation. Mechanics and 
Propulsion, Flight Mechanics. Dynamics, Guidance and Control. and Systems 
Engineering Contracts. 

1. 3. 7. 6. 7 TEST OFFICE. The Test Office:

a. Plans. estabti•be•, coordinates, analyzes. evaluates and consoli­
dates test and checkout requlremenlB; 

b. Establishes and maintaiml Saturn IB Master Test Plans in accordance
with program requirement.a; 

c. Reviews contract.a or scopes of work to assure implementation of 
established test and checkout requirements, ?.nd determines status of implemen­
tation of approved programs; 

d. Evaluates and coordinates impacts of test requirements on programs;

e. Assesses program test accomplishments;

f. Establishes and/or coordinates test reporting systems and techniques;

g. Coordinates and integrates test and checkout plans within the program
and with the counterpart elements at the NASA Apollo Program Office and other 
space flight centers. 

h. Plan, establish and coordinate the MSFC preparations.for Saturn 1B
Vehicle Preflight Reviews and the MSF Flight Readiness Reviews, including the 
required written assessments. 

The Test Office consists of the Test Plans and Evaluation B,·anch and the 
Checkout Branch. 

1. 3. 7. 6. 8 RELIABILITY AND QUALITY ASSURANCE OFFICE. The R&QA
office:

a. Plans, establishes, coordinates, analyzes. evaluate a, and consolidates
reliability and quality requirements; 
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b. Establishes und mainta.lns cognizance of reliability and quality re­
quirements in accordance wlth program requirements; 

c. Assures implementuUon of established reliability and quality require­
ments and detc1•minc� t.h� istatU!a ot implementation of approved programs; 

d. Evaluate� and coordinate• impacts of quality and reliability require-
ments on programs; 

e. Assesses reUabllUy and quality program accomplishments;

f. Establishes and/or coordinates reporting systems and techniques;

g. Coordinates and integrate:i rcllabillty and quality assurance actions
within the program and with the counterpart clements at the NASA Apollo Pro­
gram Office and other space flight centers. 

1. 3. 7. 6. 9 FLIGHT OPERATIONS Of'FJCE. Thls office performs functions
as follows:

a. Plans, establishes, coordinates, analyzes, evaluates, and consoli­
dates flight operations requirements: 

b. Establishes and maintains cognizance of flight operations requi.re­
ments in accordance with program requiremenw, and participates in the MSF 
Mission Operations Program; 

c. Assures implementation of requlrementa and determines the status
of approved flight operations progi·ams; 

d. Coordinates and integrates flight and support operations plans within
the counterpart elements at the NASA Apollo Program Office and other space 
flight centers. 

1. 3. 7. 6.10 PROJECT OFFICES (S-IB, S-IVB/IB, IU
1 AND VEHICLE GSE).

Each of the Project Offices:

a. Determines stage, instrument unit or vehicle groWld 8Upport equip­
ment tasks to be assigned to MSFC organizations, NASA Field Centen, and 
contractors; 
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b. Determines and develops conaolldated operating plans, approves the
allocation and commitment of fWlds within established. operating plans, deter­
mines the necessity for reprogumming of funds; and initiates necessary actions 
within assigned limitations; 

c. Analyzes costs, imposing restrictions as necessary to control costs;

d. Formulates the technical wo1·k requirements to be performed under
the prime contracts, assists MSFC procurement elements in preparation of 
necessary contractual instruments. participates in major contract negotiations 
as the principal MSFC negotiator for technical and project aspects; 

e. Evaluates contractor performance and recommends or takes action
to ensure that objectives are .attained; 

f. Establishes the requirements for and revlew• the prime stage con­
tractor's PERT network structures for accuracy and adequacy, evaluates the 
prime stage contractor's PERT reports, such H dca!p, production, and other 
areas of related effort; 

g. Establishes and controls development plan• and mUe•tones in areas
of responsibility; 

h. Provides MSFC and NASA top management wl&h periodic overall
status, including applicable MSF schedules; 

1. Establishes and directs the implementation or cwerall requirements,
coordinating technical requirements with c.,ognizant R&DO laborat.oriea. 

j. Direct.; the detail design integration of stage contained and ground
auppor-i equipment uerformed by R& DO laboratories and contractors; 

k. Determines logistics requirements for support of operations &bat
are pecuUar to at.age and ground support equipment; 

l. Determines requirements for and eusures timely availabtUty of stage,
inatrument u.nJt. and ground support equipment oriented tooling, equipment and 
facilitie1; 

m. ParUcipate• 1n working groups and similar activities estabUabed
to resolve project technical problems and assures that necessary acUon ta 
taken; 
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n. Maintains cognizance o( overall program status reports required by
the prograir. manager and higher authority. 

1. 3. 8 INDUSTRY PARTICIPATION

1. 3. 8. 1 GENERAL. To accomplish the Saturn 1B Program within established
(widing, schedules, and technical performance constraints. NASA must utilize

the management, technical. and scientific resources of industry. All contracts
with industry for support o( the Saturn IB Program are soUclt.ed, negotiated,
and managed by one of the organizational elements within the MSFC organization.
The major contractors and their areas of contribution are summarized below:

1. 3. 8. 2 BENDIX CORPORATION. Bendix performs engineering, design, and
fabrication services in support of the ST-124M Stablllzed Platform systems used
in the Saturn IB launch vehicle.

1. 3. 8. 3 CHRYSLER CORPORA TI ON. Chrysler Corpontion Space Division is
lhe primo contractor for the first stage of the launch vehicle. CCSD provides
de5lgn. development, and fabrication serFices for these S-IB stages. In con­
JuncUou with this work, CCSD is providing engineering services for KSC's
Launch Complex 3.t and Launch Complex 37B, qualification and reliability testing
of related group support equipment and stage components. and facilities support
at the Mlchoud Assembly Facility.

1. 3. 8. 4 OOUGLAS AIRCRAFT CORPORATION. Douglas Aircraft Corporation,
Missiles and Space Division, ls the prime contractor for the second stage of the
Saturn IB vehicle, the S-IVB, which is also the third stage of the Saturn V ve­
hicle. Douglas ls responsible for the engineering, research, development, and
fabrication services for the S-IVB, and also for the design and manufacture of
GSE in support of stage assembly and checkout operations.

1. 3. 8. 5 GENERAL ELECTRIC COMPANY. The General Electric Company,

Apollo Support Department, provides engineering design effort and manufacturing
effort for Satw-n 1B Electrical Support Equipment ( ESE) used in automatic check­

out of the Instrument unlt at Huntsville and the lawich vehicle at KSC.

1. 3. 8. 6 INTERNATIONAL BUSINESS MACHINES. International Business
Machint!s (IBM) ls re■poneible for the design, development, and fabrication of
the Saturn guidance computer signal processor, launch vehicle digital computer,
and launch vehicle data adapter for the Saturn IB instrument unit, as well as the
design, development, integration, and checkout of the instrument unit for the
Saturn 1B, the basic design of which is common with the Saturn V.
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1. 3. 8. 7 MASON-RUST. Mason-Rust is responsible for iurnishing personnel,
management, supplies, and equipment (not otherwise furnished by the Govern­
ment) necessary to provide support services of transportation, security, fil"e
protection, photographs, medical serviCEls, food services, supply communica­
tion, custodial, plant maintenance, engineering, mail and messenger services,
and rcporduction services at the Michaud Assembly Facility.

1.3. 8. 8 NORTH AMERICAN AVIATION. North American Aviation, Rocketdyne 
Division, is the contractor for development and manufacture of the H-1 and J-2

Engines. Eight H-1 engines are used in the first stage of the Saturn IB, and one 
J-2 engine is used in the second stage.

1. 3. 8. 9 RADIO CORPORATION OF AMERI CA. Radio Corporation of America
(RCA) ls the contractor for design, development, fabrication, installation,
checkout, and demonstration of the Saturn 1B RCA-110A ground computer sys­

tem.

1.4 COMMUNICATION/COORDINATION MODES 

1. 4.1 GENERAL. Continual flows of information exist among various levels of
Apollo-Saturn 1B elements. The Saturn IB Program Office must have effective
upwar<i. lateral, and downward channels of communication available to accom­
plish its assigned responsibilities. In general, in addition to communications
among the start and project offices at MSFC within the Saturn IB Program Office,
the Saturn 18 Program Office elements must communicate with elements of the
Apollo Program Office in Washington, both I O and R&DO at MSFC, other
Apollo Centers {KSC and MSC), Saturn 1B Resident Offices, and contractors.

the following aecU-.ma discuss the means used in communicating with 
these elements. 

1.4. 2 SAnJRN ID PRQi,ea:T DEVELOPMENT PLAN. Effective communications 
among elementa of &be Apolk, Program with regard to the Saturn IB Program can 
be achieved onl)' if t.beae elomena. have a common basis for the understanding of 
the Saturn IB Program. To provide this basis for widerstanding the objectives, 
responsibtllUe1, roaourcea, •cbedulea, and interrelationships, the Saturn 1B 
Program Director hu preparod and will maintain this Saturn IB Project Develop­
ment Plan ln accordance wltb the requlrementa of paragraph 1. 4. 1 oC the Apollo 
Program Development Plan. Thia Satun IB PDP wlll be the single integrated 
summary document wblob will: 
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a. Delineate the manner in which the objectives of the Saturn 18 Program
will be achieved; 

b. Be the primary decision/approval docwnentation or the Saturn 18
Program Office for the evaluation of program performance and proposed pro­
gram <:h:!nges; 

c. In the case of approved or directed change& to the Saturn 1B Program.
be the basic guidance/directive· instrument to participating organtzaUona (or 
implementation of the approved program. 

1. 4. 3 PROGRAM DIRECTIVES. The Saturn IB Program Office recetvea
omclal program guidance and direction from two sources, the Apollo Program
Office. throqgb Apollo Program Directive, and the Director of ?tlSFC Industrial
Operallou. l.brougb MSFC and IO Directives. Apollo Program DtrecUves
are pr-eparoo and dhaaeminaled by the Apollo Program Office in Waahlngton In
accordance wUh dw pmvlalona of the NASA Management Manual, Part V, Tech­
nical lfau.,ment ln•t11unent 4-1-1. dated July 3, 1962, and OMSF lnsb:'uction
M-i Mfl05-.- O<H. •ubj1--cl OMSF Directive Docwnentation (M-D), dated July 1.
1962. Salum ID Prognun Dtrecuves are prepared and disseminated in accord­
ance wllh &ahln ID Program Directive nwnber M-1-1, dated June 21, 1965.
Contractora a.re g1ven project direction by Project Managers through recognized
contractual cbannela.

1. 4. 4 SATURN lB PROGRAM SCHEDULES. The Saturn 18 Program Schedule•
are maintained lO reRect currently approved plans and the status of effort againat
the plans through the !\fanned Space Flight Schedule and Reporting System. "lbeae
schedules are conlained in Volume m, Book 2, of the OMSF Schedules Document.
which is maintained and published on a monthly basis. The requiremc:nts for
Manned Space Flight Program Scheduling and Review Handbook, NHB2330. 1, la
dated October 1965. Thia schedule and review procedure (SARP) providee a
single system procedure, uniform in format, presentation, structure, and content
that permits the ea&abllsbment and maintenance of. an integrated schedule base
for which the authority and accountability for program status and schedule change•
are clearly defined and doovmented.

Just as the Apollo Prosram Control Director serves as the focal point 
in all matters pertalnln1 ID Apollo Program Schedules, the Chief of the Saturn 
18 Program Control Office Hne• u the focal point in all Saturn ID sclY-duliftc 
actions. 
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l. 4, S ,PROGRESS REVlEWS AND WEEKLY REPORTS. In acco1-dance with
requlrem.enlli or dw Apollo Program Development Plan, the Saturn IB Program
Mana"'r participates in or has established the following regular progress re­
vtN·e:

a. Apollo Program Monthly Management Council Meetings, at which the
Saturn 18 Program Manager, on alternating months, presents major Saturn IB 
Program progress and problems to the Apollo Program Management Council; 

b. Saturn 18 Monthly Program Review&, at which Saturn IB Staff Chiefs
and Project Managers prt}eont monthly status reports, including progress 
achieved and potential problem areas, to the Satum 1B Program Manager; 

c. Contractor Quarterly Reviews of each major contractor, at which the 
Saturn IB Program Manapr, me, re•ponslble Project Manager, and other cogni­
zant NASA personnel revicnr. Ille progress of the past quarter. These reviews 
will be used as a baai• for periodtc updating of the Saturn IB Project Develop­
ment Plan. 

d. Weekly Sa&um IB Scatf Meetings, whii:h the Saturn IB Program
Manager holds with bl• Staff Cbief• and Project Managers; 

e. A system of Flaa Repora.. cQnccrni� progress and problems re­
quiring the immediate attention or action of general management. Flash Reports 
will be used to report sU.uaUou wb.ich jeopardize program objectives or hunch 
schedules. 

Saturn IB Staff Of(icea and Projoot Offices keep the Saturn IB Program 
Manager informed of current atatua and pc,lential problems within their specific 
areas of responsibility, and preplnt fof' bia actk>n the general directives, 
specificatlor.s, requiremeota, pn>eeduna, and controls necessary to manage 
the program. In reviews with bi■ ataff. actual and projected performance will 
be related ln terms of schedule, maan.tna, costa. facllUiea utllimtion, and pro­
gram objectives. These review•. to be conducted lo the Saturn IB Program 
Control Center, when it become• operaUonal, provide management with the 
ability to discriminate in exerclaln& Judpment ud """ u a tool to initiate 
decision-making at the proper manapment level. The Saturn IB Program Con­
trol Cent.er will be operated to: 

a. Present data so as to Inform and moUvallt manapment action in a
timely manner; 
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b. Admit and show pacing items;

c. Reflect the Program's strengths and weaknesses;

d. Present history to establish perspective;

e. Assign to a esingle individual the responsibility for corrective action;

f. Follow up action assignments and ensure timely results;

g. Standardize symbols and nomenclature. Visual communication
techniques are employed to retain simplicity while showing a necessary mini­
mum amount of information. 

h. Require authenUeatlon of Salum IB Program Control Center Records;

i. Ensure Saturn 1B Program Control Center records are updated in a
timely manner and that they reflect lhe true situation. 

The Saturn IB Program Control Center will contain funding requirements 
and expenditure curvea, manpower charts, facilities requirements and utiliza­
tion charts, PERT networks, program phasing charts, mast.er operating sched­
ules, detail milestone schedules, problem area reports and analyses, action 
assignments, and follow-up records. This data will be updated on a periodic 
cycle and will be available to Saturn lB Program :ManPgement personnel at all 
times. 

Saturn IB Weekly Not.es are published formally each week. These re­
ports summarize progreH for the week, as well aa problems existing at the time 
of the report, with associated probable impact and corrective action taken. 

1. 4. 6 WORKING RELATIONSHIPS. To en•ure dlat all algnificant working re­
lationships are identified, the Apollo Prop-am Control Director, with the sup­
port of other Apollo technical and management peQODDel, will delineate all
foreseeable working relationships in a f'amUy of documeata. 'lbeae documents,
approved by the Program Director, will reOect &be meana of lmpJ,emenUng these
working relationships. Headquarten/Fleld Ceater in.tencUoaa ln tbe following
areas will be documented: coordinaUon and communtutlo� metboda. function.al
analyaea and design reviews, technical direction aad euppon, epeclfication and
documentaUon approval, configuration control and ....._IINrtq claaop proceeslng, 
r4tuJpment acceptance and allocation, reltablllty and dl.lol"epaDoy reporting, 
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interaction with other Government agencies and facilities, personnel reassign­
ment, training requirements and procedures. 

1. 4. 7 COORDINATION MODES. In addition to previously discussed communi­
cation channels, the Saturn IB Program Director maintains the following coordi­
nation modes:

a. Telecon - Coordination by telephone is utilized as a method of com­
munication to suit the urgency of the immediate question. "Hot" lines exist for 
this purpose between the various Saturn ID Staff Offices and KSC. Telephone 
communications wtll be used for Flaah Beporta. In all tnstanceB, telecon re­
quests are verified in writing by the requ.eatlng party, and telecon commitments 
and decisions are to be verified in writlng by the committed party. 

b. TWX-Type Messages - TWX-type meHages are employed for co­
ordination as necessitated by expediency requlrementz. TWX messages are to
be answered or acknowledged within two working days of receipt. Acknowledge­
ment must specify the date for final answer. 

c. Letters - Letters are used when program expediency allows or when
dictated by security requirements. Requested action completion and,/ or reply 
date are specified. 

d. Datafax Facsimile Transmis,stons - Datafax circuits exist between
the Saturn JB Program Office and elements in OMSF, KSC, MSC, Douglas 
Aircraft Corporation, and the Michoud Assembly Facility for transmission of 
unclusified written communications of a high priority nature. 

Whenever possible, matters of mutual concern are reaolved by direct 
communication between participating organizationa. Mutual agreements which 
affect other Field Centers are relayed to those Center• for information and/ or 
ooaalderatton. 

t. -t. 8 PANELS, BOARDS, WORKING GROUPJ, AND COMMITTEES.

1. -t. 8. l GENERAL. To provide the necessary communlc&Uo• channels with
reprd &o Inter-Center interfaces and to provide the Saturn 1B Program elements
wUh UM, neceNuy in-depth technical competence available in MSPC RlaDO,
ectnaia IJ'OUPI have been esbblished. The following paragrapba wUI brleRy
deacrlbo dlolr purpoae and activities. The latest edition of dle Dtrecaory of
MIFC JioU'da, WorkJnc Groups and Committees. published by lbe Manapment
AMJr•la Olllce of the MSFC · Executive Staff I should be referred to for a
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complete listing of active MSFC ik>arde, Councils, Working Groups, Committees, 
Panels, Task Groups, and Teams, wUh their missh>n, organizational relation­
ship, authority for establishment. and membership. 

1. 4. 8. 2 A POLLO-SA TURN COORDINATION PANELS. As authorized by the
Charter of the Panel Review Board, dated November 7, 1963, eight Apoilo­
Saturn Coordination Panels have been established to recommend the solution
of technical interface problems between the launch vehicle, spacecraft, facilities,
and associated equipment. Basically, these panels are composed of engineering
personnel who are responsible through the panel chairman to the Panel Review
Board. The PRB Organization (Fig. 1-9) consists of the Board, an Executive

Secretariat, eight panels, and twenty-four sub-panels. Saturn IB Program
personnel are incl11ded in the membership of each panel in addition to qualified
personnel from appropriate MSFC R&OO Laboratories. Figure 1··10 illustrates
MSFC participation in these coordination panels.

The panels are formed to make available the technical competence of th•J 
Office of Manned Space Flight, MSFC, !viSC, KSC, and their contractors for the 
solution of interface problems. The panels are respon&ible, within their speci­
fied areas, to resolve interface problems and initiate acUoos regarding design, 
analysis, study, test, and operations by employing the organizations of the 
Office of Manned Space Flight, the Field Cemers or the varioua cootraet.ors; 
establish sub-panels as required; recommend solution.a to problem• out.Ide their 
assigned responsibility to the PR B for action by the proper panel and orpatza­
tion. For a more detailed treatment of the organization aad fwletiou of She 
Inter-Center Coordination Panels see the Manned Space l'll&hl Plloel Beriew 
Board Directory. 

1. 4. 8. 3 WORKING GROUPS. To make the vast technical experience a.ad bowl­
edge of IISFC'• ReNUCh and Development Operations organtr.aUoa awaHaWe ID
the Saturn 1B Procram for the sol11Uon of technical problems artai-iw wilbia •tap
systems and teobnical interface problems existing between stagea, worldnc
groups have been eatabllabed. Standing working groups have provJded a COA­
tinuity of effort wid>J.n RliDO in solving problems of a related nature u they
arise. Memben of each group are senior representatives of applicable RflDO
Laboratodea • wbo are cboaen by the heads of their organizaUons becauae of
their experience Ill duclpUne• required for arriving at a coordinated aoluUoa to
the problem preNllted, ud are authorized to act as the ''point of tecbnlcal com­
mitment." for dMtlr orpauation. The working grou.p chairmen are reaponalble
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enaW'lng &ml 1ecbrucaJ activities and resulting technical recommendadou lo 
the SaCW'n JB Proaram Office present a coordinated R&D Operations tecbaical 
position. AU recommendations from these working groups are forwarded t.o 
appropria&e Satw'o 1B Program Office elements for execution. When the need 
for a partJcu.lar working group no longer exists that group will be disconlinued. 

There are currently seven Working Groups which operate with the 
following prime miNion assignments: 

The Vehicle Dynamics and Control Working Grou.e is responsible for de­
fining and solving flight mechanics, dynamics, and control problems with par­
ticular emphasis on interface aspects. 

The Flight Evaluation Working GroLII?, is responsible for planning, co­
ordinating, and monitoring the integrated engineering flight evaluation effort on 
Saturn launch vehicles by internal MSFC and stage, engine, and systems con­
tractor evaluation groups. 'Ibis effort includes the publication of an integrated 
engineering vehicle evaluation report. 

The Electrical Systems Integration Working Group is responsible for 
defining, analyzing, and ensuring implementation of the requirements for system 
checkout during stage mating, final checkout, and firing, streamlining the design 
of the checkout system, and resolving the interface problem areas. 

The Vehicle !nstrwnentation and Communications Working Group is  
responsible for defining and resolving all instrumentation system and interface 
problems concerning the complete Saturn vehicle system and for ensuring mutual 
exchange of instrumentation information for the various stages . 

The Systems Checkout Worki� Group ia responsible for coordinating the 
efforts of MSFC and contractors on interrelated system problems in the area of 
stage checkout in manufacturing and pre- and p<tat-■talic operaUons. 

The Vehicle Mechanical Design JDtegraUoo Working GroUR defines and 
solves problems connected with the operational concept.cs applied to structures 
and mechanical, pneumatic, hydraulic, and propulsion aystems, and defines 

and solves mechanical interface problem areu between stages and GSE, and 
launch fa•.:ilities. 

'I'he Static Firing Working Group ts respouible for ensuring implementa­
tion of )ISFC standards and concepts in both developmental and Bight-stage 
at&Uc u,ate. 



1. 4. 8. 4 COMMJTTEES
1 

SUB-COMMlTTEES, AND AD HOC COMMITTEES� A•
the need arises. special committees are established by cognizant authorities io
study specific problems and return with recommendations for soluUon. Many

of these problems directly or indirectly affect the Saturn m Program, and
representation from the Saturn JB Program is furnished as appropriate.
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2.1 SCOPE 

SEC'nON 2 

SCHEDULES 

This section provides a summary description of the Saturn IB Program 
scheduling policies, responsibilities, and proc6dure•. 'ibe 11,lidance provided 
herein conforms to the overall NASA, OMSF, and Apollo Program acbedule and 
review policies and procedures. Detailed sohedullng procedure• may be found 
in the current edition of the OMSF Program Scheduling and Review Handbook, 
NHB2330.1. 

2.2 POLICY 

To achieve established missions aou objectives of the Saturn IB Program 
and to ensure that these missions and objectives will be accomplished in the 
timely manner required to support the Apollo Program, it is essential that all 
program effort be undertaken on the basis of approved schedules. In addition, 
it is imP<,rtant that there be a continuing review process by which potential prob­
lems can be identified, assessP.d, and channeled to the proper management level. 
To this end, the Saturn IB portion of the OMSF Program Schedule Docmnent 
( SARP) • will be maintained to reflect the currently approved schedules and the 
monthly status of effort against these schedules. The Saturn IB Program Sched­
ules are contained in Volume Ill, Book 2, of the OMSF Schedules Document. 
Furthermore, monthly Saturn IB Program Reviews will be held to evaluate pro­
gress and to determine corrective actions as required. 

2. 3 RESPONSIBIIJ'nES AND PROCEDURES 

The Saturn IB Program Manager ls responsible for implementation of the 
scheduling and review procedure. Under bis direction, and the direction of the 
Saturn IB Program Control Office, Project Managers within the Saturn IB Pro­
gram Office are reaponalble for implementing the scheduling and review proced­
ure for their projecta. Schedules for the Saturn IB Program wlll be maintained 
under levels u defined in the Scheduling Manual. 

Hardware delivery requtrementa and delivery schedules require approval 
by 1he Apollo Program Director ftDd the Saturn 1B Program Manager before any 
proposed schedule change can be effected. Approval for changes may be obtained 
from the Apollo Program Director u followe: 
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a. A request for change may be submitted through the normal cycle as
defined in the OMSF Program Scheduling Manual; that is, request a change in 
the monthly Saturn IP Schedule Document (OMSF Schedules, Book Ill, Volume 
3) submittal and receive the Apollo Program Director's decisio1, through the
monthly Schedule Exception and Operations Directive. This directive is trans­
mitted to the S2turn IB Program two weeks following receipt or the schedule
document.

b. If the timing of the nol'mal cycle is inappropriate, the Saturn 1B
Program Manager m.ty request a change by telegram or lett.er to the Apollo 
Program Director with a copy to the Apollo Program Controt Director. All 
proposed changes received in this manner will be acted on and the decision will 
normally be returned l.o the Saturn IB Program Manager within two working days. 
These change actions will also be compiled by the Apollo Program Office and 
included in the monthly Schedule Exceptions and Operations Directive as required 
by the OMSF Program Scheduling Manual. 

Approval will authorize immediate implementation unless otherwise noted. 
In either of the above cases, sufficient information will be submitted for evalua­
tion by the Apollo Program Director. The requested change will irdicate the 
current schedule, the proposed schedule, the reason for the proposed change, 
and the estimated program impaot. 

2. 4 SCHEDULES 

2-4

Included in this section are the following schedules: 

the Saturn 1B Summary Development and Delivery Plan (Fig. 2-1), 

the S- 1B Stage Swnmary Development and Delivery Plan (Fig. 2·2), 

the S-IVB/1B Stage Summary Development and Delivery Plan (Fig. 2-3) , 

and the S-lU Summary Development and Delivery Plan (Fig. 2-4). 
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3.1 SCOPE 

SECTION 3 

PROCUREMENT MANAGEMENT 

This aection provides a summary description of the procurement prac­
Uces and procedures implemented to attain the Saturn 1B Program goals. Con­
tract administration Is achieved in accordance with NASA Procurement 
Regulation NPC-400 and associated directives. ln fulfilling the assigned 
responsibilities of providing the Saturn 1B Launch System, MSFC bas contracted 
with private industry for a large part of the engineering design, research, de­
velopment, fabrication� assembly , and testing of all elements which comprise 
the launch vehicle. 

facluded in this section Is an outline of MSFC procurement procedures 
and reaponslbiliUes. a listing of major contracts, and the assignment of con­
tract administratlon and t.echnical monitoring duties related to the Saturn lB 
Program. 

3.2 PROCUREMENT ADMINISTRATION 

3. 2.1 GENERAL. Procurement adminiotration for industrial participation in
the Saturn IB Program is asaigned to Industrial Operations. Within this division,
the Saturn IB Program Office directs, coordinates. programs, and budgets for
all effort specifically related to the program. Responsibilities for implementing
these functions are assigned to four stage managers as outlined under the pro­
gram elements specified below.

The stage managers determine and place their contractual requirements. 
by means of procurement requests, upon the Contracts Office, a staff office of 
Industrial Opers.tions. which is responsible for negotiation. execution, modifi­
cation, and administration of contract.. The Contracts Office functions include 
development of procurement plans, preparation and review of RFP's, source 
evaluation, pre-negotiation review, and award of contracts and modifications, 
contract deviations and waivers, and associated functions. 
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3. 2. 2 ���_!{ 1B PROGRAM ELEMENTS

3. 2. 2. 1 S-IB STAGE. The Cheysler Corporation, Space Division, is Uie 
prime contractor for the fir1t stage of the Saturn lB vehicle. Chrysler re­
sponsibilities include development, fabrication, assembly, checkout, stage 
testing, and engineerirw of the S-IB stage produced at the government-owned 
Michaud Plant near New Orleans. The H-1 engines used in tbe S-IB stage are 
government-furnished equipment procured by the MSFC Engine Program Office, 
·and supplied under contract by Ror.ketdyne.

3.2.2.2 S-IVB STAGE. Douglas Aircraft Company, Inc.• is the prime con-
tractor for design, development, and testing of a 260-inch diameter S-IVi3 stage. 
The J-2 engines used in this stage are government-furnished equipment pro­
cured by the MSFC Engine Program Office under contract from Rocketdyne. 

3. 2. 2. 3 INSTRUMENT UNIT.. The prime contract for manufacture and as­
sembly of the Instrument Unit waa awarded to International Business Machine&
Corporation. The deaign, testing, and procurement responsibility is di.,ided
between MSFC and IBM. Bendix 1a the major contractor for provision of
ST-124M stabilizing platforms.

3. 2. 2. 4 GROUND SUPPORT EQUIPMENT. Acqui9ition of Electrical Ground
Support Equipment for the Saturn IB launch vehicle was contracted for delivery,
by General Electric Company. RCA is the prlme contractor for RCA 110A com­
puters and test equipment. Mechanical Gr.ound Support Equipment wu procured
from Chrysler Corporation under mission contract.

3. 2. 2. 5 VEHICLE SUPPORT. Transportation, commwtlcattons, J>OD 
Inspection, performance studies, and other special support project. associated
with the overall Saturn IB vehicle, other than atqe-afflll&ted functions, are
contracted for as required.

Vehicle Support alAo includes tooling and epeclal ieat equipment procured 
in the design and development of hardware related to &be overall vehicle. 

Systems Engineering projects s11eh aa Delllp latep-atlon Computer 
Program, RF Eval11ation Reports, Propulsion Syetem Analyaia, and Ordnance 
Syatem Documentation are under contract with Chrysler. 

Reeearch and development functions, including engineering and fabrica­
tion aervlcea, are performed by civil service and support contractors at 
Marshall �ce Flight Center. 
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3. 2. 3 RESIDENT MANAGEMENT OFFICES

The stage managers uf the above program elements are represent.ed at 
the respective contract.or'a facility (Fig. 3-1) � a Resident Manager who pro­
vides on-site supervision and management of MSFC operations at the contractor 
sites and establishes the proper MSFC/contractor relationships. insuring a 
coordinated approach to effecUve program management. 

The Resident Manager's staff includes a Resident Contracting Officer 
who has authority to execute contract change orders when the estimated value 
does not exceed $250,000, to awrove sub-contracts and overtime used by the 
contractor, and to take other action as specifically delegated. 

Reside,1t Contract Offices are responsive to the requirements of the 
Resident Managers and are functionally responsible to the Chief, Contracts 
Office. 

Department of Defense and other govermneilt agencies are utilized to 
maximum to support NASA contracting officers ID areas of quality and reUablli� 
control, audit, contract administration. industrial property administration, 
production monitoring, and other related services in accordance with Procure­
ment Regulation Directive 65-9. 

3. 2. 4 PROGRAM SUPPORT ELEMENTS

The following staff offices assist the stage managers in analyzing, evalu­
ating and coordinating pertinent technical requirements in their specific areas 
prior to initial procurement and after award of contract. 

3. 2. 4. 1 SYSTEMS ENGINEERING OFFICE. System engineering aspects are
integrated within the program and counterpart elements � the Systems Engi­
neering Office. Functional responsibilities to &Sllure technical adequacy of the
vehicle system and interfaces include such areas as (a) Mission and Payload
Requirements, ( b) Weight and Performance, (c) Automation, (d) Networks and
lnatrumentaUon. (e) Mechanics and Propulsion, (f) Dynamica. and ( g) Guidance 
and Control. 

3. 2. 4. 2 TEST OFFICE. The Test Office establishes the Saturn 1B Master
Teet Plaa in accordance wlth program requirements and aaNaeea the impact of
leat nqulremente and accomplishments.

3. 2. 4. 3 REUABIUTY AND QUALITY OFFICE. ReliabUity and quality re­
qUlrementa are eatabliabed in accordMce with program requirementa by 1be
Reliability and Quality Office. Thia office also integrates actions within the
program and uaeeeea accomplishments.
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FIGURE 3-1. SAnrRN m MAJOR CONTRACTORS 



3.2.4.4 FLIGHT OPERATIONS OFFICE. The t•li�l �raUona Office 
establishes and maintains flight and support operalion.1 plan• in accordance wlth 
program requirements, assuring implementatJon and lntegr!litlon or requirements. 

3. 2. 4. 5 RESEARCH AND DEVELOPMENT OPERA 110NS. All necessary 
in-houae engineering, testing, and technical management Sffntices to support 
the stage managers are provided by MSFC Research and Development Operations. 

The Project Support Agreement is an MSFC management tool directed 
by tbe MSFC Cente:.- Director, and is presently being developed by I. O. ana 
RI, DO. The Project Support Agreement will clearly define technical support 
&o be auppUed the Saturn 1B program by MSFC R& DO, and will be implemented 
for FY 67 effort. 

3. 3 PROCUREMENT FUNCTIONS. 

3. 3.1 GENERAL. Procurement functions, initiated after approval of the Pro­
ject Develor,ment Plan, are briefly defined below with approximate time for 
accomplishment. Guidelines for implementing these functions are cc;ntalned in 
NASA Procurement Manual NPC-400. Responsibilities relative to major phaaea 
in completing the administrative procurement cycle are shown on Figure 3-2. 
Phase I covers MSFC procedures for the start of procurement action after de­
velopment of requirements. Phase II P.stablishes the method for solicltaUoo of 
bid to contract award. Phase m constitutes the contract management and pur­
formance to be attained. 

3. 3. 2 PROJECT DEVELOPMENT P!..AN. The PDP is a detailed plan. approved
by the Office of Manned Space Flight, which delineates objectives, technical and
management plans, program requirements, responsibilities, .1.·�a;uurct:d, and
time phasing of acUona for accomplishment of the Saturn IB Program. Prepa­
ration time is 4 to 12 weeks.

3. 3. 3 PROCUREMENT REQUEST. In defining and documenting the require­
ment, a clear and com1,>lete itsmizatlon of materials, description of services, 
and estimated costs provides the negotiator with adequate data to obtain aat!a­
factory bids and carry out the contractual processes until award of contract. 
Preparation and coordination time la 2 to 4 weeks. 

3. 3. 4 SHORT-FORM PROCUREMENT REQUEST. This coordinating document
dfifines the proposed task. is prepared for all procurements exceeding $100, 000, 
and precedes proceHinl of the Procurement Request, NASA Form 404. Prepa­
ration and coordination time is t to 2 weeks. 

3.3.5 DETERMINATION AND FINDINGS (DliF). The D&F documents facts 
and circ:umstances which clearly Indicate why a certain type of contract will be 
less costly and property or services can be provided most economically� con­
sistent with· meeting program schedules. Preparation time ls 1 to 2 weeks. 
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COGNIZANT 
OFFICE 

� 
ptoJect Wice 

Tecblllcal OOlce 

Prop;am COlll:rol/fMIEIII 
!!11!!1 

COlll'actlK211i!!!!' 

Coptn,ctipa 001cer 

Contr■ctmg Officer 

FID■DcW V■n■,-'Dent 

PIIA8£m 

Reaidpal Cootn.ctiy Officer 

CaatracUDg OOlcer 

APPUCABLE 
IQICDYI 

NIDl 4•1 

NPC4e0 

10D1a-1 

JIIPC 400 
MMA .. S.902.3 

GI02--l-3 
NPS402 

NPC 400 
NASA f.R 50. 1 

NJUI 3-5 

NPC 500 
PR 51-2'1 

ACTION 

Project Developmenl Plan 

Procurement Request ( MSFC Form 404) Short Form 
Pr_,..mmt Requeat (Over UOO, 000) 
o.t.rmlllatton • Fladlllg■ 

Al&lhorlzadoo of Av■ilabWty of FWlda 

(INDIVIDUAL) 
WORK STAFF ( OR TEAM> 

Project Manager (or REP► 
Teclakal Pwaoanel (1.0. 
or lllrDOI 
C�Officer 
Proir .. COWlrol Office REP. 
,..., ....... , .. 
..-.ao, (Pruni-•) 

Pl'ocl&remenl Plan/ Appll'oved by: ,0-1, 000, 000, GOO 
NSFC Proc. Div ./1, 000, 000•5, 000, 000 MSFC Dtti'l"kif ! 
0,er $5,000,000 NASA HO Proc. Div. 

rSoUclt■Uon for Proposal fRFP) 

Submittal of Proposal/,o lo $100,000 30 days/ 
100,000 to 1,000,000 60 w,.ya/ Over ,1,000,000 90 da. 

Evaluadon of Proposal; Source £val. Board (Over 
S 1, 000, 000) 

Pre•Negotlatloll; Negotiation; Legal Review/ 
Clwlgea; HQ Approval/ Award 

Obligation of FUDda 

Contractor Performance (Contract Admln.) 

Mod■• t.o , ;ontact; ReporUAI; Colltract Cl0111Dg; 
Termln■Uon 

Coalnc:UIII Offlcoer 
NepUalor fC�I 
Projlc& Maaapr fo1· Rep) 
Tecll■lical .._.._. 
Small BIIIIUM!■a 8pecl■Uat 
Lepl.C-1 
Price Analyst 
Au.ditor 

ContractiD& Officer 
C. O. Adm. Rep 
C. 0. Tecb. Rep 
Project Manager • Tecb Rep 
Legal Coun■el 
Auditor 
lnapectiol1 Apncy

FIGURE 3-2. BASIC ADMINISTRATIVE PROCUREMENT CYCLE, SATURN m LAUNCH VEHICLE 

(1B, IVB, IU STAGES) (H-1, J-2 Enpnea) 



3. 3. 6 A UTHORIZA'DON OF FUNDS.. Saturn IB Program Control eatabliebea
authorization of program- and flnanclal-management-certified availability of
funds, within pr-oeram llmUaUona, following approval of procurement documen&a
aa shown below:

MSFC Director 

I. O. Director

Proj. Manager 
Stage Manager 
(RespecUve) 

Cognizant Lab 

OVER $100,000 Under 
,1.000,000 to $1,000,000 $100,000 

Approv. Concur ApProv. Concur Aeprw. Concur 

X 

X 

X 

X 

X 

X 

X 

X 

Coordhatlon Time ta 1 io 1 & weeks 

3. 3. 7 PROCUREMENT PLAN. 'lbe procurement plan, required on all negotl•
ated procuremea&a eadmaled to exceed $100,000, l8 a detailed description of
service■ to be performed, uaociated materlala and support t.o be furnished, and

method for accompllahm• to award of contract. Preparation Ume ls 2 to 4
weeks.

3. 3. 8 SOUCITA'nON POR PROPOSAL. The Request for Proposal provldea a
complete Item doecrlpUoa or •&atement of work, delivery or performance sche­
dules, method for coat or price breakdown, and other factors needed by a con.­
trac&or for preparattoe of a propoaal by which complete appraisal may be
conducted by procurellNNll and leebnlcal personnel. Preparation time la 1 to S
weeks.

3. 3. 9 CON'fflACTql PROPOSALS, Research and Development propoaala an
prepared by proapecltft oontracf1Dr1 In two parts; ( 1) a technical propoul,. ud
( 2) a coat propoeal moaa-referenced to the technical proposal. Pnpara&IGD
time la 4 Co 11 wnlal.
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3. 3. 10 EVALUA 11ON OF PROPOSALS. The technical proposal is sub­
mitted to the using activity for technical evaluation and recommendation. The 
cost and pricing analyses supply the negotiator with a detalled cost analysis 
report and recommendations. A source evaluation board ts activated for com­
petitive procurements in accordance with NPC 402. Evaluation time ls 4 to 6 
weeks. 

3. 3.11 NEGOTIATION. Pre-negotiations are conducted (a) to resolve
questionable areas discovered in the evaluation and (b) to establish an agenda
for contract agreementa to be reached in the final negotiations. Areas of negotia­
tion include the technical "■&atement of work, 11 contract schedule, and coat pro­
visions. Following Legal <:oun■el acUon and incorporation of changes, contnolDr
signature is obtained 1ubject to Headquarters' approval and final award. Nctp­
ttation time is 13 to 20 weeka.

3. 4 CONTRACT MANAGEMENT 

All major Saturn IB ban:twa.re Hems have been placed under contract. 
Engineering change• l'fl\lltlftg ln mocliflcations to the Saturn IB vehicle are nr 
solved at local and higher beadquarten levels by Configuration Control .Board 
action in accordance with &be intent of NPC 500-1. 

Current contracts under Saturn 1B Program management are contained 
in Figure 3-3. These contncta are lllustrattve of the major contracts of greatest 
value which are prtmarUy awarded on a competitive basts. The total contract 
structure provides support by industrial, scientific, and in-house support con­
tractors as well as educaUonal institutions. 

A plan for action for converting cost-plus-fixed-fee contracts to incentive 
type contracts (or major Saturn lB contractors ts shown below. This schedule ia 
up-dated and submitted monthly to NASA Headquarters. The request for pro­
posal was issued to the contractors specifying performance and schedule require­
ments. A two-segment proposal from the contractor will contain ( 1) technical 
and incentive aspects with budgeting cost/target fee position and (2) f irm target 
cost/target fee position. 
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Activity 

Proposal due from Contractor 
Pre-negotiation with OMSF 
Negotiation with Contractor 
Negotiations Completed 
Final Headquarters Approval 

Date for Compliance 
CCSD, 8-4016 CCSD, 8-4016 

(M. G. s, E. Mission) (Systems Engr.) 

10/6/66 8/12/66 

11/14/66 9/22/66 

12/1/66 10/14/66 

1/6/67 11/15/66 

2/6/67 12/15/66 



CONTRACTOR 

Chry1ler 

Cbry1ler 

Cbry1ler 

Cbry1ler 
Chryaler 

Dousia• 

IBM 

IBM 

IBM 
IBM 

Beod1ii 

Bendix 

Rooke1dyne 

Rocke1dyne 
G.E. 

RCA 

RCA 
RCA 
RCA 
lluoa-Rut 
11--Rlllt 
..._-Rut 

Sperry-Raad 

Brown Eu1, 

lpaoo 

Vitro 

Nor1brvp 
lyltnu 

TYPE <I, QTY) TYPE 
CONTRACT# PROCUREMENT CONTRACT 

NAB 8-4018 S-1B Slap C 12) CPFF/ 
CPIF 

NAS 8-4016 S-1B Slage-KSC Pre-Launch CPAF 
checkout 1upport 

NAS 8-4018 Mechanical Grountl Support CPFF 
Equipment 

NAS 8-4018 Sy1tem1 Enstneerlng CPFF 
NAS 8-6602( Fl 8-1B Slage Facllttle. and CPFF 

NAS 7-101 

NA88-115fl 

NAS 8-11662 

NAS 8-14000 
NAS 8-14020 

NAS 8-11399 

NAS 8-13006 

NAB 7•162 
NAB 7-190 
NAS 8•19B 
NABW•410 
NAB 8-6423 

NA8 8•6433 
NAB&-13007 
NA8 8-16496 
NAB 8·&611 
NAB 8·4019 
NASB-14017 

NAl8-IOON 

NAS 8•IOOT3 

NAS 1·10081 

NAI 8-IOO'IO 

NAS 8-20082 

Tooling 
S-IVB Stap ( 12) CPFF/ 

CPIF 
Dlptal Compulera ( '1) CPIF 
and Data Adapeer• (6) 
Dtattal Compulera ( 13) CPIF 
and Data Adap11Dr1 ( 13) 
lnatrwnenta UnU• ( 12) CPIF 
lnatrument Unit Facllllle• COST 

REIM. 
ST•l24 M Stablllztn1 CPFF 
Plalform1 C U) 
BT•l24 M 8tabUlzln1 Platform CPIF 
Syalem (night) (12) 
H-1 Enstne■ Ul4l CPIF 

J-2 Engtnea ( 19) IB CPIF 
ESE Jllaalon CPFF 
RCA 110A Computer and Teet CPFF/ 
Eqlllp. FFP 
Dlaplaya CPFF 
RCA UOA C<,mpuler■ FPIF 
Lop1Uc1 FFP 
B•IB FacUlty Support 
CMlchoisl FacUUy) CPFF 
8-1B hclllty Support CPAP 
(Mlchoud FactUty) 

IYPPORT CONTRACTORS 

Aeh1Petee .. Daalp, EYal C. 
Qaal Te8' Ouda/Ooatrol; elec/ 
INU'., •. 
au -- lhnlc\, Propul: Mech 
a,1, leaaarcll; �ptual Ii 
Pnllln DulplllMllea 
a.I I llellllb. A.-nace •· 
Qual, £!Ill' Mal 6 bal; Bellah. 
�; ftlllcla abeckollt data 
AGqll!a&lloa 

CPAF 

CPAF 

CPAF 

I!!1, .. eo.po.- 6 nb-111 T11t; CPAF 
O.atp Md oper Nl'Y; po-r coo-
trol Ii CODUIMUdoaUOIII 
Aero•A1trodYllamto1 •• CPAF 
Dyaamloe • Aero-A•m,pbyetca 
c-epta Piao; ntl,bt meobaatca 

PRESENT 
ORIGINAL CONTR, 
EFFEC'IWE VALUE 
DATE l ! IN THO!,!! I 

8/23/83 191,355 

2/1/66 6,320 

9/4/65 9,084 

12/30/66 18,909 
7/'l:1/62 3,280 

4/2/62 222,434 
8/1'1/64 2,eae 

9/18/64 1'1, 601 

3/31/65 64,879 
3/31/65 .408 

8/23/63 9,ffl 

10/2/84 18,044 

Prod 7/60 32,272 

Prod 6/27/62 30,04 
H,700 

8/21/63 10,ffl 

10/26/63 1,411 

8/21/64 7,0H 
12/1/85 2,726 

'1/ 1/ 63 4,030 
4/7/65 10,917 

3/1/115 7,728 

4/1/86 'I, 221 

4/1/65 3,748 

3/16/65 N8 

3/16/65 1,296 

FIGURE 3-3. SATURN IB MAJOR CONTRACTORS ( PRIME PRODUCTION) 
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3. 5 PROCUREMENT MANAGEMENT PROCEDURES 

3. 5. 1 GENERAL. Procurement Management, as performed within MSFC, will
conform to MSFC Procurment management policies and regulations and established
OMSF policies contained in NPC 107, NPC 400 and other NASA Procurement
Regulations.

3. 5. i DOCUMENTATION. A current documentation validation study, which
itemizes reporting requirements placed upon MSFC contractors, is nearing com­
pletion. This study defines ��oh contractor's present reporting requirements on
Document Requirements List (DR L's) and Document Requirements Description
(DRD's) as prescribed by Apollo Documentation Administration procedures.
Future validated data requirements will be approved by the respective stage
manager prior to finalizing DR L's into the contract.

In addition to administrative correspondence pertinent to procurement 
activities, each contract me contains a comprehensive resume of actions which 
include (a) procurement roqueat, fb) scope of work, (c) determination and 
findings, (d) Legal Coun&0l and Socurity briefs, (e) procurement plan, (f) RFP, 
(g) source selection board ruaulta, (h) technical and price evaluations; (1)
schedule of negotiattou, (j} 1ynopal1 of final negntiations and (k) change ordera,
supplemental agruementa, and relakxl documentation generated subsequent to
contract award.

3. 5. 3 REPOOTING REQUJl!EM.ENTS. NASA Procurement Regulations require
that NASA Headquart.ora ruc:olve cc,rtain reports from MSFC which provide
records and statistics nccaHary for procurement management purposes and serve
as a basis for recurring and apoclal reporta to President, Congress, General
Accountin g Office, and other Fedoral apncios. These reports include the fol­
lowing:

3-12

a. Individual Procurement Action Report, NASA Form 507, NASA
Management Manual, Chapter 18, 50-404.1 (b).

b. MSF Procurement Milestone Status Report, NASA Form 1213,
NMI 5150. 1, Dated June 15, 1965.

c. MSF Contract Change Order Status Report, NASA Form 1214,
MSF Instruction -M-1 MS 9110. 064, Dated May 14, 1965.

d. Monthly Contract Termination Status Report, MSFC Form 1804,
NASA Management Manual, Chapter 18, 8. 5001.



e. Notice of Award of Contract, Standard Form 99, NASA
Management M11nual, Chapter 18, 12. 602-2.

f. Summary Contract Report, NASA Forms 1042, 1042B, and 1043,
Teletype from Mr. VeccbieUi, Director of Procurement, NASA
Headquarters, dated April 11, 1963,

g. Report on Allotments and Authorized Controlled Material Orders,
Form No. DD-492.

h. Estimated Controlled Materials Quarterly Report, Form No. DD-614
and 614-1.

1. Report on Status of Incentive Contracts, Reference NPC 400,
Paragraph 16. 903.

Special reports are also submitted to NASA Headquarters to meet unique situa­
tions as they occur. 

In addition to utilization of procurement reports prepared for NASA 
Headquarters, MSFC develops Internal reports as required to effeot adequate 
surveillance and management of the production and technological research pro­
grams developed in-house and undor contract. 

Certain contractor-generated reports as required to permit evaluation 
of performance. MSFC Management ln•truction 9501. 1 requires contractor 
submittal of a monthly Contraowr Financial Management Report, NASA Form 
533, for each contract with value exceeding $25,000. This report provides basic 
financial management data for evaluation of actual cost-type contract performance 
and assurance that contractor performance is efficiently planned and supported 
by dollar and man-power reaourcea. NASA Management Manual 6-2 provides 
instructions for preparation and w,e of NASA Form 533. 

Technical reporting requirements are tailored to the specific technical 
contract effort and are designed to place minimum impact upon tho contractor 
consistent with sound technical surveillance of his performance. NASA PR 7. 204 
and 7. 302 ouUine general guidance for technical reporting requirements. 
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The Contractor also submlta a •eparate monthly progreea report of all 
work accompllshed during each month of contract performance. Reports are in 
narrative form, brief and informal in content1 and include: 

a. quantitative description of overall progress;

b. indications of any current problems which may impede performance
and proposed corrective action, and 

c. a discu�sion of the work trl be performed during the next monthly
reporting period. 

The quarterly and final reports contain factual data wlth analytical inter­
pretation of results of the entire contract with recommendations baaed on ex­
perience and results achieved. 
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4.1 SCOPE 

SECTION 4 

DATA MANAGEMENT 

This section establishes a data management eye tem for the Saturn IB 
Pro� and includes policy requirements and admlnl■trattve responslbiUties. 

4. 2 POLICY 

In the development, acquisition, and ■upport of Saturn 1B Program equip­
ment, data is a complex product. ConaequcmUy, data bu become a separate 
and distinct area of managetnent concem. EffKUvo Data Management requires 
identification, Justification, selection, IIC'lu.i•IUon, auditing, and control of all 
data necessary for the acquisition and follow-on ■upport of each system and 
development program. 

The Saturn IB Data Management Program baa the following objectives: 

a. Assure that the Saturn 1B Program acquires, in the most timely
and economical manner, only the data absolutely es■enttal for program use; 

b. Review continuously all exlsUng data requirements in order to
eliminate from the program all non-essential or duplicated data; 

c. Evaluate carefully· the cost-versus-effective value of each data item;

d. Provide controls for efficient and effective distribution and accounting
of Saturn 1B and contractor-generated data. 

To effectively implement the management of davi on Uk: Saturn 1B 
Program, orientation and training in data management must be accomplished 
on a timely basis with all affected Saturn 1B and contractor personnel. 

The timely implementation of data management depends largely on the 
interest, cooperation, and ■uppon provldod by all MSFC per10nnel but especially 
by Saturn 1B personnel, includlftl peraonnel wltbln the stage offices. 

As stipulated by the Prolftlll lll11111or tn October 1965, the Saturn [R 
Program Docwnentation Tree wu ntabU11Md to define the relatlonshipa of the 
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OMSF and MSFC major program control documents and define changes required 
to consistently update the documents. It ls intended that in t.'le future each docu­
ment will specify its precedence, its subsidiary documents, or its supporting 
documents. 

4.3 DATA REQUIREMENTS AND PROGRAM DATA DIRECTIVES 

The Saturn IB Data Management System will implement the aforementioned 
policies through the use of Data Requirements and Program Data Directives. 
Data Requirements are those requirements which etipulate the identifJcatton and 
issuance of documents that identify, define, direct, control, and measure the 
Saturn IB Program. 

Program Data Directive, are those directives which prescribe and con­
trol the policies and procedures to implement the Saturn IB Program Require­
ments. 

Interrelationships among data management repr1JSentatives, program 
and project managers, contractors, and data support elements are reflected in 
organizational chart ( Fig. 4-1).

4. 3. 1 DOCUMENT STRUCTURE. Baaed upon the NASA Management Manual
and other Headquarters requirements, a documentation tree of the key Saturn
I/IB Requirements documents required at each management level has been de­
veloped, using the Program Development Plan as a guide ( Fig. 4-2).

4. 3. 2 DATA IDENTIFICATION. Each Project Office will ensure that all data
are properly identified relative to need, aource, authorization, functional area,
and application using the following referencee:

Center Apollo Document Index ( CADI), DM 204. 001-28

Data Requirement Description (DRD), NASA Form 1107

Data Requirement List (DRL), NASA Form 1106( 11-65) 

4. 3. 3 PROGRAM DATA DIRECTIVES. The1e directives will serve to stand­
ardize documentation within the Saturn IB Program and provide uniformity of
data among the various Project offtce1. The dtrecttve1 will be implementations
of nch documents as the Center Apollo Document Description Standards ( CADDS) ,
Engineering Documentation Standards, and the Apollo Documentation Administra­
tion InatrucUon.
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4. 4 ot:nMTION AND DESCRIPTION 

4. -4. l ��X&�- The Documentation Management Program can be deftood as
a runcuonal iW"t.h•ity 01>eraling within the Saturn IB Prog1·arn with primal')• re­
sponalbiliUcl$ lor developing, coordinating , administrating, and operating an 
inter�l l)Qcumcntulion Management System. 

DocumcnLaUon Management is concerned with the rnclhod• by 'f'h!ch 
Saturn IB PrugrJm docwnents and documentation activities are idenUff?d, ac­
quired, and controlk'<i. Basically, it is formalized routine by which lhe docu­
mentation rcr-1ulrcm<.>nt.s of the Saturn lB organizational clements arc determined, 
justified, reviewed, and implemented. 

The basic f..'ltidelines for the Apollo Documentation Management Program 
are established by Section 4 of the Apollo PDP. Implementation is directed by 
the Documentation Administratioo Instruction NPC 500-6 as modified by the MSFC 
Documentation Administration Plan. In applying Documentation Management to 
the Saturn I B Program, these instructions have been extended to fit the Program 
task elements defined in the following paragraphs. 

4. 4. 2 ADMINISTHATIVE PROCEDURES AND I NSTRUCTIONS. The procedures
and instructions required to establish administrative and operating controls
within the Saturn IB Program will be identified, developed,coordinated, imple­
mented, and maintained.

4. 4. 3 ORIENTATION AND TRAINING. The program for Data Management will
include orientation and training of both Saturn IB Program and prime contract.or
personnel on a planned basis. This is a responsibility of the Industrial Ope:''l­
Uons Data Manager.

4. 4. 4 DATA REQUIREMENTS IDENTIFICATION. During an ldenUfication
Phase, data requirements will be identified on existing Saturn 1B contracts.
This will be accomplished by each Project or Staff Office through a review of
all contractual documents. Contractual documents and guidance in contractual
interpretation shall be provided by the Contracting Office. The following ad­
ditional steps will be taken:

a. Evaluate and provide definition for those da:a requirements which
lack valid definition. Definitions will be provided by preparation of Document 
Requirement Descriptions, NASA Form 1107.
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b. Prepare a.a tnfU&I Data Requirements List ( DRL) listing all data
requirements. Al.1 dal3 rcqufrements listed shall define exactly the contractual 
data requlri!mcnl for &.he purpose of adding or deleting definition. DRL'a will 
be prepared calling for only that data which is authorized by approved DRD'e. 

c. Data Rcqufrement Juatifications (DRJ's) shall be furnished by data
requiring organi?.aUon11 as determined by the Project Manager. 

Upon completion of the total data package, it will be submitted to the Center Ad 
Hoc Data Review Team {CAHDRT) for review. 

This effort will be aupported by the Center Apollo Data Manager ( CADM) 
through the I. O. ml salon support contract. The second phase will be a Pre­
liminary Revte,-,. and Approval Phase, during which the CAHDRT shall review 
the t,otal data package anrl make appropriate recommendations to the Project 
Manager or Slaff omcc Chief. The CADM shall perform a secretarial function 
for the CAHDRT. Durtng thiB phase, the Project Manager shall: 

a. Evaluale Lbe CAHDRT recommendations and determine need for
revisions to the DRL and DRD's. Such revisions shall be made by the CADM in 
accordance with eaaablt4hed revision procedures. 

b. Approw &he DRL and DRD's for contractual pre-negotiation review.

c. Retain �•� or die DRJ's for use during subsequent negotiations.

During tht• third pha.e, Pre-negotiation, the Project Manager or Staff 
Offi.ce Chier, vla die Cootracling Officer, shall transmit the DRL and DRD's to 
the Contrac1or for pre-negnUatton review. The Contractor shall: 

a. Revtew the DRL and DRD's and make recommendations.

b. Prepare coat data.

c. Sut.nlt recommendations and cost data to the CAHDRT, via the
Contracting Office. 

In the Final Review and Approval Phase, the CAHDRT shall review and 
evaluate the contraclol"'a recommendations, cost data, and make recommenda­
tions to the Project Manager or Staff Office Chief. DRJ's maintained by the 
Project Manager or Slaff Office Chief may be used for evaluation of contractor 
cost data. Tbta effort ahaU be supported by the CADM, who will perform a 
secretarial (unction. The Project Manager or Staff Office Chief shall: 
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a. Evaluate the CAHDRT recommendations and determine need for
revisions to the DRL and DRD'a. Such revisions shall be made by the CADM. 

b. Give final approval to the DRL and DRD's and submit to the Con­
tracting Office for final contract-Jal negotiation. 

During the Final Negotiation Phase, the Contracting Officer shall negotiate 
the DRL into the contract in the normal manner ( Contract Change Notice). The 
next phase is the Recording Phase, during which the Contractor shall prepare 
Document Information Records (Dffi's) for the purpose of gathering information 
pertinent to each response document. The nm 's shall be submitted to the CADM. 
In this phase the CADM shall: 

a. Prepare Dffi's for all new applicable DRL line item response docu­
ments. 

b. Prepare keypunch inputs for each DRL line item.

c. Submit keypunch data to the Data Bank.

d. Data bank inputs will be used to provide management with a tool for
review and analysis or the data management effort. 

In the Survey Phase, the CADM shall perform a Data Management 
Assistance Survey and notify the Program Manager of all cases of non-compliance 
with contractual requirements. 

The Program Manager and/or Project Manager shall evaluate all cases 
of contractual non-compliance and, via the Contracting Office, direct appropriate 
corrective action. 

4. 4. 5 DATA REQUIREMENTS DEFINITION. Descriptions will be prepared
either by the parUcular stage office or prime contractor and ultimately be ap­
proved and finalized by the stage office. Should staff offices have occasion to
prepare Data Requirement Descriptions, or prevail upon contractors to prepare
them, the same general procedure will obtain.

4. 4. � DA TA REQUmEMEN'l'S AUDITING. Contractor and stage office docu­
ment submittals will be analyzed to insure compliance with contractual and
program requirements. Contract data requirements will be reviewed periodically
to assure that they are current. Similar action will be taken should staff offices,
or selected contractou, prepare document submittalr
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4. 4. 7 DOCUMENTATION DISTRIBUTION CONTROL. An automated document
distriootlon control system, developed under the cognizance of the Center Apollo
Data Manager, will be provided to reflect current distriootion requirements.

4. 4. 8 REPOSITORY. Repository procedures developed by R&OO, in conjunction
with the Center Apollo Data Manager, will be reviewed for the purpose of assur­
ing adherence to the procedures by all Saturn IB elements.

4. 5 RESPONSIBILITIES AND WORKING RELATIONSHIPS 

The general re@ponsibilities for implementation of the Apollo Documenta­
tion Management Program are outlined in NPC 500-6. Additional clarlftcatlon la 
required to relate these responsibilities to the Saturn IB Program. The Con .. 
figuration Management Branch, Program Control Office, is an administraUve 
element in support of the Saturn IB Program. Designated personnel within the 
Saturn IB stage offices and staff offices will coordinate data requirementa 
identification and definition emanating from Center Staff elements aoo R&D 
Operations Laboratories. The Center Apollo Data Manager, within the Reaource• 
Manage�ent Office of Industrial Operations, provides overall data program ince­
gration support and administers the procedural and accounting functions of da&a 
management. 

The Saturn IB Program Control Office is responsible for implemen&alk>a 

of data management requirements within its area. Within the Saturn ID Prop-am, 
each stage office and staff office is individually responsible for contraclu&Uy 
implementing these requirements in its respective stage, ground support eq"4>­
ment, or support contracts. 

4. 6 DATA MANAGEMENT SUPPORT 

Support to the Saturn 1B Data Management Program, through the Center 
Apollo Data Manager's Office, is being provided by the General Electric Company 
under a mission corslncL This contract encompasses support in developlnc 
individual stage office and staff orrtce Data Requirement Descriptions from both 
the management aad lldulical •tandpoint. 
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5.1 SCOPE 

SECTION 5 

CONFIGURATION MANAGEMENT 

This section outlines configuration management procedures that define 
the configuration of Saturn IB Program Equipment at any point in time. 

5. 2 CONFIGURATION MANAGEMENT SYSTEM REQUIREMENTS 

The hardware requirements of the Apollo Program Specification and the 
Sa.turn IB Program Specification will be accomplished by the deliverable end 
items. 

Every deliverable end item in the Sa.turn IB Program will: 

1. Have a specification for accurately describing the configuration of
each deliverable end item. 

2. Provides, for every change in end item configuration, a correspond­

ing change to all related documentation affected by the change to assure that a 
one-to-one relationship is maintained between the item and its supporting 
documentation, 

Baseline concepts and sequential phasing of configuration management 
from design through launch are shown in Figure 5-1. 

'The Configuration Management Branch, Program Control Office, 
Saturn I/1B Program Office, will provide necessary direction required to 
conduct configuration management throughout the Sa.turn 1/IB Program. The 
Sa.turn 1/1B Program Office will establish a Level II Configuration Control 
Board ( CC B) to operate within the administrative framework of the Configu­
ration Management Charter. In addition, each project (stage) office and 
prime contractors will establish a configuration management element. Each 
project (stage) office will establish a Level m Configuration Control Doud, 
and each prime contractor will establish a Level V Configuration Control 
Board. Class D Engineering Changes will be submitted to the Resident 
Manager'- Office for approval of the classification. Class I Engineering 
Changes will be 81lbmitted by the cootractors to the Level m CC B for review 
and processing. 
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5. 3 CONFIGURATION CONTROL 

Configuration cont rol is the systematic evaluation, coordination and 
approval or disapproval of proposed changes to al\f baseline. The Level II 
Configuration Control Board will make decisions on changes affecting the 
Saturn IB Program Specification, interfacing engineering changes of two or 
more different stage cmtractors which are not agreed to by the stage mana­
gers, and will process all proposed Level I Changes. 

The Level PI Configuration Control Board will make decisions on all 
Class I Changes submitted by the contractor. Level I and Level II Changes 
will be referred to the appropriate board for consideration. 

All Class I cbaJwo• •wmtUcd by the contractor will be reviewed by 
the Level III CCB for offoet on pn,cnun specification, interfaces, costs, and 
schedule impact. C�• which wUl result in substantial cost savings with­
out compromising ••� 1 pe.rfnnmi.nco, or schedule should receive maximum 
consideration. All CC B dcgf,alooa will be recorded on a Configuration Control 
Board Diractive (CCBD) and wUt be fOl"Warded to the appropriate contracting 
officer for tmplementattoa. 

5.4 CONFIGURA110N D>EN'ffFJCATION 

Configuration identtflcatlon is the technical documentation definition of 
the approved configuration of the system or equipment during the acquisition 
phase. All deliverable contract end items will be identified by specifications. 
All changes to the approved specifications will be documented through Specifi­
cation Change Notices (SCNs) and by approved Engineering Change Proposals 
( ECPs). The engineering drawing system of each prime contractor will be 
reviewed by fully qualified configuration management specialists. Procedures 
will be established by each p,roject (stage) office to identi(y Class I and Class 
II changes, and to a88U.l'e ttat all cba-.,s are processed for approval prior to 
being implemented. 

5. 5 CONFIGURATION ACCOUN'nNG 

Configuration accountl• la the reporting and documenting of changes 
made to systems and equipment aabaequent to the establishment of a baseline 
configuration. Conf!guration accountmg will be accomplished in accordance 
with prooedures published by the Conft&uratton Management Group, Re80Ul'0fl 

Management Offlcet 
Industrial Operations. 



5.6 CONFIGURATION IDENTIFICATION AND ACCOUNT INDEX. 

The configuration identification and accounting Index Is used for 
reporting configuration identification and configuration status accounting. This 
document shall be arranged in tabular form and •hcall permit Incorporation of 
changes resul ting from contractor or project (atage) office action. A format 
similar to that contained in NPC soo-t wUl bo uaed ror this purpose. 
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6.1 SCOPE 

SECTION 6 

LOGISTICS 

Logistics is the integral element of the SalUm W PNJ&rwn Uml auures 

operational continuity by support of all program pbasua lnUo wirt1 f!ICIOry 

fwictional checkout and proceeding through launch (laum:b vcbklu afi11embly, 
checkout, test refurbishment, and transportation). This plan it.lunUllelli Lhe 

activities and coordination required ci all Saturn 1B elemenls lo uuuro the 

implementation of a timely and economical logistics supporl progrwt1. "lbe 
provisions of this plan apply to all MSFC organizations engaged in lhe execution 
of the Saturn IB Program and to the MSFC contractors required to provide 

logistics support by SalUrn lB Program Management. 

The Saturn 1B logistics program consists of identifying, acquiring, pro­

viding, maintaining, managing, and subsequently disposing of the material and 

human resources required to provide the logistics engineering, maintenance, 

repair, transportation, training, technical support documentation, propellant 
pressurants, and supply services required to adequately but economically support 

the Saturn 1B Program in a planned, systematic manner. The functions included 

in this program are: logistics planning, maintenance and maintainability, ma­

terial support, training, transportation, propellants and pressurants, and 
rnaLagement techniques to assure efficient application of these resources. The 

Salum m Pl'ogram Manager is responsible for the development of the Saturn 1B 
logistics 1>rogram, management system, and distribution of logistics functions 

lo lbc various MSFC elements. 

6.2 OBJECTIVE 

The objectives of the Saturn I� Logistics Program arc: 

a. The establishment of a management system to prov ide direcUon and
control of lhe Saturn IB Logistics Program. 

b. To identify and evaluate available logistics rcBOu.rces u.nd make

maximum use where applicable. 

c. Systema tically develop logistics requirement• buaud oi. program
needs. 
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d. Provide effective, economical, uniform and timely logistics support.

e. Ensure complete interface between other Saturn 1B functions and the
Saturn IB Logistics Program. 

To meet these objectives the following must be accompllshed: 

a. Identification of all end items ( airborne and ground) which require
logistics support. 

b. Systematic analysis of all end items from initial concept through
operation from the logistics viewpoint with respect to the timely availablllty of 
material, propellants and support personnel, and logistics documentation such

as descriptions and maintenance procedures. 

c. Physical accomplishment on space vehicles, ground support equip­
ments, spares and repair parts, and facilities (after delivery to NASA) of 
changes approved by the configuration management organi1..at1on. Malnlenance

of the necessary conrtguration control system documentation for i;pace vehicle 
equipments and spares in the custody of NASA. 

d. Establishment and control of stock levels and stocking point lor
Saturn 1B hardware. 

e. Assignment of responsibilities for maintenance of all Saturn 1B
space vehicles. ground support equipment and facilities. 

r. Es&abltsbment, coordination, and adoption of compatible logistics
plan■ and procedures for all Saturn IB program elements and the means by which 
It can be Hcerlained that the requirements in these documents t 1"e being met. 

6. 3 LOGISTIC PLANNING 

n. rumtunen&al management concept upon which the Saturn IB Program
logi•Uc• 1111pporl ta to be created is that of contractor support at both Program 
and Project lll!Yel•. Under this concept NASA organizations will provide manage­
menl dil'l!C?Uon and overall control of contractor performed logistics functions. 
Lo&t•Uc Plan• de&aillng the methods and responsibilities of providing logistic 
aupport will be developed at the Program and Project level. Project level plans 
will be baNd or, &be Saturn 1B Vehicle Logistic .Program Plan which will be based 
on the MSFC Center Logistics Plan. 

The management responsibilities will be established in these plans and 
the reporting aysktms required to establish management vistblllty wlll be defined. 
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Logistics plans will be developed covering the period , rom lbe comple­
tion of manufacturing Wltil the item is withdrawn from service or until it Is 
expended. 

6.4 MAINTENANCE AND MAINTAINABILITY 

Mruntenance consists of those activities necessary to rcatore o.n item to 
aemceahw cond1Uon or to prevent degradation in performance by a planned 
acUon. A• ttll'!h it also im:ludes the analysis necessary to de&crmlne the 
melJDJ• by which maintenance is to be accom plished. Main&atnabil.Uy consists 
ol tho.e a&udiea and actions taken to enhance the probability of IIW!OOBSfully per­
form"" maintenance within the allowable time and coal to meet progmm ob­

Jectivea. 

6. 4. 1 MAINTENANCE CONCEPTS. The basic corrective matnlenanre concept
for the Saturn 1B Vehicle and GSE is the removal and replacement o( failed com­
ponents at the level which:

a. The replacement item can be functionally tested to iiy&tem spt:ci(ica­
tion as an entity. 

b. A minimum amount of verification testing and rechecking iB required.

Normally failed items will be returned to a depot level for failure analy­
sis, repair and recertification or disposal. Certain items which are relatively 
simple to fabricate, not normally subject to failure and subject to configuration 
changes will be fabricated at field sites when the capability for quality assaarance 
exists at the sites. Examples of these items are cables and tube assemblies. 

The basic preventive maintenance concept which applies only to GSE is 
the performance of periodic checks and required servicing on a scbewled basis 
ln accordance with requirements established by maintenance analy,ds. 

Maintenance concepts used in the Saturn m Vehicle Program will be in 
consonance with the MSFC/KSC Working Relationship-Logistic•. 

6.4.2 MAINTENANCE ANALYSIS. A maintenance analyai• wtU be prepared by 
the acUvlty responsible for support on all end items of eqwpment to develop the 
requirements for spares, maintenance GSE, tools and test eqwpmcnl, main­
tenance reqllirements, technical data, maintenance persormel aad llkill levels, 
falllll'e rate■, time to repair or maintain, test r ,.,tremema, age control, re­
teat, rebwld, calibraUon, cleaning, environmental control and logj■Uc criU­
caUty. 
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The maintenance analysis will be based on an operations analysis which 

defines the operations to be conducted and the sequence and time required to 
conduct th� operations. 

The maintenance analysis will provide the types of maintenance, the 
levels and locations for maintenance and maintenance flow describing the 
maintenance loop. 

In addition to maintenance analysis on each end item, an overall analysis 
will be performed on the integrated vehicle to provide data for forecasting total 
quantities of maintenance resources required. 

6. 4. 3 MAINTAINABIUTY. An analysis of the operational requirements will
be conducted to establish the maintainability requirements and goals for the
Saturn IB Vehicle. The requirements and goals will be in agreement with those

established in the Apollo Program Development Plan.

These requirements will be stated in numerical terms and apporttooed 
to the various stages and pieces of ground equipment as design requirement. in 

the Part I CEI Specifications. 

A continuous survey of maintenance operations will be maintained to 

assure that the end items and integrated system meet the maintalnabillt.y require­
ments. 

6. 4. 4 MAINTENANCE SERVICES. Saturn IB Vehicle will utilize three levela

of maintenance.

a. First level maintenance is that maintenance performed on the system
installed equipment at the test or launch site by operational personnel. It includes 
fault isolation, remove and replace, servicing, replenishing, inspecting and 
repair in place. 

b. Second level maintenance is all other maintenance performed at the
test or launch ■111!■. Normally it consists of repair in shops at the sites. 

c. Third level maintenance is depot maintenance and consists of all
maintenance performed at an established depot, the manufacturing facility or 
vendor facillty. 

Flnt level maintenance will normally be performed by contractor opera­
ting per90nael at •ta.tic te■Ung and launch sites. The responsibility for the per­
formance of maloleaaac.-e of equipment will be specified in each contract. There 
will be a mtntmt11n of ■econd level maintenance. 
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The repair of failed items or major refurbishment reqwring depot 
facilities will normally be performed by the contractor or government agency 
responsible for equipment design. For certain items of GSE which are supplied 
on a single order basis plans will be developed to asu1re capability for depot 
support at a facility other than the original manufacturer. 

6. 5 MATERIAL SUPPORT 

Material Support includes the actions of funding, spares selection, 
acquisi t1on, inventory management, repair, refurbishment and modification of 
spares 

I tools and test equipment and repair parts. 

MSFC is responsible to provide spares, repair parts and special tools 
and test eqwpment to support the Saturn IB Vehicle. Normally these items will 
be proc11red from the contractor responsible for fabrication of the end items. 

The cost of the logistic material support program will be an identifiable 
item in each contract and tbe responsibility for providing sparee. including 
schedwes and period of performance.will be established in each contract. 

6. 5.1 SPARES SELECTION ACQUISITION. Each contractor with spares support
responsibility will determine spares requirements. Spares selection will be
based on the Maintenance Analysis, usage data ( when available)• failure rates
and program schedules.

A li•Un& of spares will be prepared for each end item and will indicate as 

a minhmam die Part Nwnber, Next Assembly, Quantity of the part on the end 
item reqllirinc aupport, Stock levels and location of stocks, Repair Code and 

Effectlvtty for which I.be part is authorized. 

TbNe URI wW be maintained current with design definition during the 
period lbat U. eqwpment is in use. The spares lists will be reviewed by the 
appropriate project office and the using activity and comments and recommenda­
tion• will be forwarded to the contractor for consideration. Contractors will 
pl"OCu.re -,a.-. ill adequate quantities to assure that stock levels established in 
die lfllafta U. ue maintained. Contractors will prepare procurement llate at 
leaat qaanerly iadlcaUng the planned procurement for the quarter. 

All SpuN prowred under a Saturn IB Vehicle contract will be lupected 
and progeaed la die ume manner as production material and will be packaged 
IUld pntNffed ill aucb a manner that they are ready to be installed without ad-

1atmeat, NffldDC or teaUng. 
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Failed item• will be re paired and recertified if the cost of repair doe• 
not exceed 65 percent of replacement cost and the item replacement cost exceeda 
$200. 00, if tbere is a requirement for f11rther 11se in the spares program. 

All spares in slOCk will be tagged to indicate reqtdrements for age con­
trol or periodic recertification due to drift, lubricant deterioraUon c,r other 
causes. No spare will be issued after the date of age control or recertificaUon 
bas passed. 

Each contractor with spares support responsibility will establish a 
planned program to refurbish or retest such items without withdrawing all stock 
from a teat or lllWlcb site. 

6. 5. 2 INVENTORY MANAGEMENT. The contractor responsible for sparea
supply will establillh an uwaniory management system to insure that sufficielll
serviceable lop.Uc material of the proper configuration is available to mettl
specified stock level•:

a. Prope!'.9 Co� A property account for logistic material wW be
maintained by &be ....,Uer of die spares at the factory. Property account recorda 
to be mainiatned at die wueboue will be held to a minimum. The properly 
accounts will be 111r.ta&1i-4 carrent with daily usage data and all property 
accOW1ta wUl be c-«MU......&y purpd of material no longer required. All 
property accOUAUAC •1ll be bl accordance with NPC 105A. 

b. Shipp(� TIii meatory manager will be authorized to ship material
at his diacretioa.. 

c. SID..!!I!: W ....... • will be provided by MSFC and KSC to meet 
requiremen&a. Eada COlltl'ltdor will provide an estimate of bis reqwremen&a 
for stora&e •pace and cnntroamenlally controlled areas. These estimates Will be 
revised periodieally u NQtdred. 

d. llodiOcaUGa. Reqllireme.ots for modification of spares wW be
processed in accorduce wUb ANA Bulletin/ 445 and the contractor will take 
appropriate acUan m aceorduce With bi& proposal when it is approved. 

6. 5. 3 GFP. Spara ID aupport items which are established as GFP on tbe
contractors make or buy llat wW be GFP and maintained by NASA IIDleu otber­
wise specified. Item• flll1llllbed by the governmgnt in lieu of contractor parchue
will be s11pported by the contractor.
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6.6 TRAINING 

Training \\ ill be an integr'.11 part of the logistics program for the Saturn 

1B Vehicle. T1•aining under lhe Logistics Program will be limited to training of 

operation and ma.in&enancc per sonnel for static test and launch sites. 

An analysis of the training requirements will be conducted and plans 

established to develop and obtain justified training. 

Training plans will be developed documenting the required courses. 
schedules, training equipment and training aids and facilities. Training plans 

will also indicate the methods to be used to maintain the training and training 
resources up to date with program changes. 

Due to the prior experience gained on the Saturn I program, it is antici­
pated that the majority of training required will be fulfilled by on-the-job 

training of newly acqwred personnel. 

6. 7 TECHNICAL SUPPORT DOCUMENTATION 

Techn!cal SUppor:t Documentation is an integral part of the logistics 
program. By established practice the operational type of technical data is pre­

pared by th, operating element. For example, KSC is responsible for prepara­
tion of launch sue Lest and operating procedures. The maintenance technicnl 
data will be prepared by I.be contractor. 

Requ.irementa for maintenance technical data will be estab lished in each 
contract. A melbod will be specified to assure that technical data is maintained 
to the requirem ents of NPC 200-2 and NPC 500-1. 

Maintenance documentation will be prepared to meet lhe requ.iremen&a of 
site personnel and will be based on an analysis of the skill and proliciency level 
of the using acUvlty. 

Technical documentation will be verified by selecting sample procedllres 
and actual performance of each procedure selected. 

6.8 TR

ANSPORTA DON 

TruaponaUon consists of delivery of end items and supporting material, 
either bardwan, or ao(tware, in a timel� safe and economical manner. To 

insllre that tranaportaUon is adequately considered and effected each contractor 
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responsible for the movement of m&terial will prepare a detailed transportation 
plan. This plan "111 defu.l.t:. U.. mo-de• of trauportation. the special transporta­
tion equipment reqwred, tn.Npcn1aUoa l'OUtee and contigency methods of 
transportation to meet emcr� .nq"1rements. 

6. 9 PROPELLANTS AND PR.altr.RANTS 

Propellants 8ftd �•&a liluqement is the responsibility of the 
MSFC Program Lo�ti� (](flee SabD'll m Vehicle Program participants will 

provide forecasts of pffl9Ct.l-1aat Mid pre;111Urant requirements as required and 
each contractor reqlllrlne PfflPl!l.._.. and preHurants will obtain these through 
the channels establtabed by dlo MSFC Prop-am Logistics Office. 

6.10 SATURN 1B VEHICLE LOGISTICS MANAGEMENT 

The Saturn 1B Program Manapr baa established a Saturn 1B Logistics 
Manager who is responsible for the development and implementation of an 
integrated Saturn 1B Logtatic■ Program. Recognizing that there ia a common­
ality between Saturn 1B and Saturn V. the Saturn 1B Logistics Manager will 
assure that 1B and V requtremenw for logistics r'POrt are coordinated and 
that single MSFC direction ta provided to the contractors who have common 
items. Each Project Manager baa es tablished a Logistics Manager who ls 
responsible to effect a project logisUes plan and program to meet the require­
ments of the project and the integrated vehicle. 
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;\-.f.C.Li.,1;�� l'AG!; BLl,NK NOT FILM ED.

7.1 SCOPE 

SECTION 7 

FACILITIES 

• This section sets forth the overall facillties plan for the Saturn IB Pro­
gram, including: 

1. Facilities acquisition policies, responsibility, and procedures;

2. Descriptions of facilities supporting the Saturn m Program, in­
cluding NASA, DOD, and industry-owned facilities; 

7.2 

3. Overall NASA Saturn IB facilities development planning.

FACILITIES ACQUISITION AND PROCEDURES 

Guidelines provided by NASA Basic Administrative Processes Documaat. 
dated February 1964, cover the policies and procedures, definitions, and aum­
mary of authorities for the facilities planning and approval process. ln addiUoa 
Section ll of NPC 107 covers the budget execution process, including the pro­
cedure for reprogramming and delegation of authority and instructions relating 
to construction. Such details include the format for projects incrementally and 
non-incrementally funded. 

Under current NASA practice, projects included in the MSFC Corwtruc­
tion of Facilities Program contained all of the equipment elements required to 
create a useable facility. In the facilities planning and approval process, the 
following basic policies and principles are applicable. 

1. Conceptual studies ol facilities design are conducted as a basis for
advance design and the programming of facilities construction. 

2. Advance deaign for proposed new facility projects ls accompliahed
by MSFC to serve as the basla for preliminary facility cost estimates. Advance 
design funds are then approved and authorized by the Associate Administrator 
through the project approval proceH. 

3. Design and coutnacUon efforts which cover repair, alteration, modi­
fication, exteulon or remodoUn1 projects estimated to cost 1n excess of 
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$250,000 each are submitted to NASA fteadquarters for approval and authori­
zation by the Associate Admlnitltralor through the Project Approval Document 
process. 

4. The criteria for all dtrocdy-aupportlng facilities are subjected to
configuration control procedure• and documentation requirements. Figure 7-1 
delineates participation in faclUUe• acqul■ltton. 

7. 3 PROGRAM ANALYSIS 

Facilities supporting the Saturn 1B Program·are many and diverse. Some 
of the facilities are: assigned to MSFC programs and projects which directly 
or indirectly support Saturn 1B; otbera are assigned to programs belonging to 
other governmental agencies. 

7. 4 MAJOR MSFC, DOD, AND llfDUSTlUAL FACILITIES AND DESCRIPTIONS 

7. 4. 1 GENERAL. The Salum lB blcmtte. program encompasses projects at
MSFC, Deparbnent of Defenae la.lllJIUatfum. and contractor sites.

Facilities supporting die, S.•a 1.U Program are identified in Figure 7-2. 
The locations of the factlltle• nqmm IP a:wiet lhe needs of the Saturn 1B Pro­
gram are: 

George c. MarahAU 8p,M;.,o ffipt C.nwr. Huntsville, Alabama 
Michoud Assembly FIIC!iU\J. Mei·�- Orleau, Louisiana 
Sacramento Teat Operat.iuu (MCTOl Sacramento, California 
Canoga Park, Callfomta 
Santa Monica, callfonda 
Santa Susana, Callforma 
Huntington Beach. Callfonua 
Huntsville, Alabama - JU. IBM 
Slidell, Louiaiana 
Neosho, Missouri 

Following are descriptiona of IIOffle ot the aaaJor locations. 

7. 4. 2 MARSHALL SPACE FUGHT Clrnl, The George C. Marshall Space
Flight Center, Huntaville, Al••••· la well eatabliabed in ·the field of launch
vehicle development. The C••r �- t, '798 acre■ of land. As the site
plan indicates, MSFC bu facllltle• for manufacture, development, and ground
test of launch vehicles aod propul.akNl aiy■IDme. The manufacturing facilities
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are concentrated at the northern end of the Center; the development facilities 
are clustered nearby; the test area is situated 1n the southern portion. 

7. 4. 3 MICHOUD ASSEMBLY F AClLrrY. The MSFC miBBlon at the NASA
Michoud Assembly Facility ( MAF) • New Orleans, Louisiana, ta the manu­
facture of the S-IB stages for the Saturn 1B vehicles and the S-IC atage for
the Saturn V vehicle. The MAF complex covers an area of 824 acre■ in­
cluding approximately 210,000 square feet of engineering and office apace;
1,95 9,000 square feet of manufacturing space; and 415,000 aqare feet of
space for storage, handling, and maintenance activities. 1be Micboud plant
and facilities are owned by NASA. Two major contractors occupy portions
of the plant; the Chrysler Corpor,'ltion is responsible for production of the
S-1B stages, and the Boeing Compaqy is manufacturing the S-IC .tap. All
support services for operation of the plant and facilities are furnished by
the Mason-Rust Com� under contract. Construction of facilltiea at
Micboud ls accomplished directly by MSFC.

7. 4. 4 &\CTO. The MSFC mission at the Sacramento, California, facility
ls the development aml testing of the S-IVB stage for the Saturn 1B and Saturn
V veblclee. The administrative area of this location contains approximately
182,800 � feet of cove·red space. Of this, approximately 54,700 square
feet are uaed for engineering and office space, 17. 200 for laboratories,
50,500 for" atorap aml miscellaneous use, am 60,600 for post-static-test
checkout of the S-lVB stages. The teat area consists of two complexes:
the Beta complu which contains two static test stands for the S-IVB stages,
and the Gamma complex which ts an auxiliary propulsion system teat facility.
The Sacramento aite area is owned by the Douglas Aircraft Company. The
Beta and Gamma complexes t however, are located on 341 acres of land
leased by NASA from Douglas under a long term agreement. Construction
of facilities at the Sacramento location ls accomplished through the U. S.
Army Corps of Engineers.

7. 4. 5 CANOOA PARK. The MSFC mission at Canoga Park, California, is the
development, manufacture, and components testing of the F-1 and J-2 engines
for use in the Saturn 1B and Saturn V vehicles. The Canoga Park faclllly ls a
plant complex containing 588,000 square feet of engineering and office apace,
and 1, 178,000 square feet for manufacturing and related acUviUea. 'lbe com­
plex ls composed of buildings either owned or leased from prlvale bualneaa by
North American Aviation, I nc. , plus Air Force Plant 56, which l• owned by the
u. S. Air Force. The entire complex, including Air Force Plant 56, la operated
by the Rocketdyne Division of North American Aviation, Inc. Conatructlon of
facilities at Canoga Park is performed by Rocketdyne.
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7. 4. 5 SANTA MONICA. The MSFC mission at Santa Monica, C8lifornta, is
the manufaclure of components for the S-IVB stage for the Saturn 1B and Saturn
V vehicles. Tbe,Santa Monica plant is owned and operated by the Douglas Air­
craft Company and covers an area of 2,962,000 square feet. Of this, approxi­
mately 1,925,000 aqua re feet is devoted to NASA production. This includes
442,000 sq ware feel 1sed for engineering and office space, 853� 000 square feet
for manufacw.rtr!g, 143,000 square feet used for la.ooratories, and 487,000
square feel IJJlf!'!,j for s&orage and miscellaneous use.

7. <I. 7 SANTA A:iUSANA. The MSFC mission at Santa Susana, California, is the
developmen&al l&!·•Uq of the S-11 stage of the Saturn V vehicle, development and
testing of the 11-l and J-2 engines, and components testing of I.he F-1 and .J-2 en­
gines. Thi.a facility covers approximately 411 acres of mountainous land nuar Los
Angele1. Part of the facility ts owned by the U. S. Air Force ( Air Force Plant
57) a.nd pan by Nordl American Aviation, Inc. Approximately 25,000 1qia.re
feet of building area ta available for engineering and office space. OUler facili­
ties con■l•t u.f conu-ol centers, fuel storage and transmission s_y.11tem1, and an
extensive te1l area. The test facilities include two S-JI stage test po1itioru1,
two F-1 components test laboratories, two H-1 components test laboratories,
three H-1 engine teal stands, three J-2 components test laboratories, and ftve
J-2 engine Wat at.ands. The components test laboratories are common facilities
in some lnataocea. Test operations at this location for the S-ll stages are car­
ried out by the Space and Information Division, North American Aviation, Inc.
All testing and ra,-latrd 11eUvities pertaining to engines and engine components
are performed by North American's Rocketdyne Division.

7. �- 8 KIJNTINO'fON BEACf!. The MSFC missioh at Huntington Beach,
California, •• tile development, manufacture, assembly, and final cbeckoul of
the S-IVB •&ap for the Saturn IB and Saturn V vehicles. This facility is owned
and operated by the Douglas Aircraft Company and covers an area of 675,000
square feel. Of lb.t11. 261, 800 square feet are used for engineering.and office
space, HJ7, 100 �a.re feet for manufacturing, 54,300 square feet for labora­
tories, and HS. 800 aqua.re feet for storage and miscellaneous use. The facili­
ties include a 11paee atmulator building, a systems integration building, a
structural ll!at labora&ory, a production test facility, an assembly building, and
an uaembly llad checkout tower complex.

7. 4. 9 SLIDELL. Tbe MSFC mission for the Central Computer Facllity at
Slidell, Lovl•tua, I.a ID provide housing and facilities for the digital and analog
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computers and other data reduction equipment necessary for the ope:ration of a 
computer center. Th.is Slidell racillty, originally constructed by the Federal 
Aviation Agency. is oow ov,ned by NASA and is a part of NASA Michoud Plant 
Operations at New Orleanc, Louisiana. The computer center is contractor­
operated by Telecomputer Services, Incorporated. The facility's location at 
Slidell is approximately 20 miles from the Michoud Assembly Facility and 15 
miles from the Mississippi Test Facility. This allows convenient computer 
service to both installations without duplication of facilities. Modification o( 

existing facilities and construction of new facilities is accomplished at this 
location directly by MSFC. 

7. 4. 10 NEOSHO. The MSFC mission at Neosho, Missouri, is the manufacturo
and acceptance testing of the H-1 engine for use in the Saturn 1B vehicle and
manufacture of certain .J-2 engine components. This facility covers 3644 acre■
and contains i45, 000 square feet of manufacturing space, 59 1 000 square feet of
test area, and 40, 000 square feet of engineering and office space. The teat area
consists of two H-1 eftlPlle teat stands with dual positions. The Neosho facility
is owned by I.be U. s. Air Force (Air Force Plant 65) and is operated by the
Rocketdyne DiviJlion of North American Aviation, Inc,

7. 5 NASA FACILITIES DEVELOPME NT PLAN 

Figure 7-3 identifies existing and planned MSFC facilities supporting 
the Saturn 1B launch vehicle, indicating program by fiscal year, location, and 
title of project, (Wlding and schedule for completion. 

7. 6 LAUNCH FACIUTU.S 

Launch Factltue11 for the Saturn 1B space vehicle are located at the 
Eastern Test Range, Cape Kennedy, Florida. These facilities are comprlaed 
of Complex 34 and Complex 37B at the Kennedy Space Center which are designed 
to provide all the service■ neceasary to launch the Saturn IB space vehicle. 

Kennedy Space Center baa the responsibility fox· design, construction and 
mooification of the complexe■ to aHure operational interrelation with die Satura 
IB space vehicle. KSC will al10 provide and install Ground Support Equipment 
designed to conform to the Satum IB vehicle concept of operation. 1bta GSE 
provides for functiou preparatory to lauooh of the vehicle. Equipment peculiar 
to a particular stage of the vehicle wlll be provided by the stage contractor 
( MSFC). Specially-dealgned and developed vehicle-oriented checkout equipment 
will be provided jointly by MSFC and KSC. 
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The facilities of a single launch complex consist of: launch pad; umbilical 
tower; launch pedestal; mobile service structure; launch control center (block­

house); automatic ground control station; operations suppart building; storage, 

pumping and transfer facilities for RP-1, LOX, and LH2 propellants; and storage, 
pumping, liquid-to-gas conversion, pressurizing and transfer facilities for liquid 
nitrogen and liquid helium. 
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8.1 SCOPE 

: \� .: �-;_
1 r:�, t!OT FILMED.

SECTION 8 

FUND AND MAN POWER REQUIREMENTS 

This section prescribes MSFC policies and procedures for planning, 
budgeting, reporting, and managin� Saturn IB Program manpower and funds. 
The Administrative Operations np1u·o1>riaUon provides for civil service manpower; 
travel and transportation of porsons and mat.erial; rents, communications and 
utilities; printing and reproduction; other service or contract administration 
services and operational supJ>lics and equipment. Requirements for administra­
tive operations are submitted and updated quarterly consistent with MSFC sub­
mission of the Research and l){'vclopment Pl'ogram. 

Procedures involving funds for construction of facilities are described 
in Section 7. The basic assumptions, and budgeting and Program Operating 
Plan procedures outlined in this section apply mainly to the Research and De­
velopment appropriation. 

8. 2 DEFINITIONS 

8. 2, 1 PROJECT APPROVAL DOCUMENT (PAD). A Project Proposal, brief
summarization of the proposed project, ls prepared by MSFC with a draft Pro­
ject Approval Document which presents a concise description of the project
objectives, technical plans, Reliability and Quality Assurance provisions,
management plans, management reporting, procurement arrangements, sched­
ules, and resource requh ·ments. General Management Manual 4-1-1 outlines
the method for reporting resources by fiscal year through completion of the
project and insuring that data is consistent with applicable budget estimates.
These are the basic documents uUUzed to sacure approval of the Project by the
NASA Associate Administrawr.

8. 2. 2 PROGRAM OPERA TING PLAN (POP). The Program Operating Plan is
the official quarterly submission of the MSFC financial plan which provides NASA
Headquarters with a basts for formulating the Agency budget estimates. This
document presents a comprehensive detailed study of resources, and fund and
manpower requirements essential to operat:i.onal development and completion of
mission assignments.
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8. 2. 3 APPROVED PROGRAM AUTHORI'I'Y. After approval of the PAD,
Manned Space Flight Authorization of program, NASA Form 643, provides MSFC
with specific amounts of Program Authority for the conduct of the Saturn 1B
Program.

8. 2. 4 ALLOTMENT. A grant of funds approved by NASA Headquarters, Re­
s.Jurces Authorization, NASA Form 506,.is issued to MSFC for the purpose of
incurring commitments and obligations and making program disbursements.

8. 2. S INITIATIONS. This is the proce.'\is of establishing a requirement for ob­
taining goods or services. The Procurement Request, Mi:;Fc Form 404, is the
official document utilized by MSFC to define requirements and approximate
value.

8. 2. 6 COMMITMENTS, CommJ.tments a1·e firm administrative reservations
of funds by the MSFC Financial Man11xement Office based on procurement re­
quests or other acceptable written tovldence which authorizes the creation of 
obligations within specified amounts.

8. 2. 7 OBLIGATIONS. Obligations are binding agreements in writing between
th� Government and one or more parties for a purpose authorized by law for

orders placed, specific goods to be delivered, or work or services to be per­
formed, which will result in the disbursement of money.

8. 2. 8 COSTS. Cost is defined as the value of material delivered or services
performed for which payment is due or has been made. Costs should always
exceed or be equal to disbursements.

For the purpose of contractor reporting on NASA Form 533, unfilled 
orders are defined as an incurrenc-e of a firm obligation by the contractor. These 
obligations include contracts, JaJrchase orders, and similar items which have 
not become costs. 

8. 2. 9 DISBURSEMENTS. Disbursements are the dollar amount of checks issued
and cash payments made.

8. 3 BUDGET CYCLE 

Figure 8-1 establlahes a typical timetable for the recurring budget a:1d 
financial planning actions ruquired of the MSFC activities preliminary to sub­
mission of the Saturn IB Program Operating Plan to NASA Headquarters. This 
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report is submitted on a quarterly basis in accordance with the MSF schedule, 
generally February, May, August, and November. 

8, 4 PROGRAM OPERATING PLAN 

8. 4. 1 GENERAL. The basic MSFC policies, principles and procedures for
formulating the Saturn IB Program Resources requh·ements are contained in
NPC-107. The current plan c:ontains obligation and cost sum marlzatlons by
project and system account (major contractor and other) for the initial MSFC
budget and subsequent assessment of requirements by NASA Headquarters.

8. 4. 2 GU IDELINES AND INSTRUCTIONS. Program Operating Plans are based
on currently approved programs and projects as extendc:.'t! and/01· modified by
budget guidelines issued by Headquarters, Manned Space Flii,.tht. The POP is 
used as the source document for preliminary budget estimalcs for the MSF pro­
gram development to the Bureau of the Budget and subsequently to Congress.
This document presents a comprehensive study of resources essential to develop­
ment and completion of approved mission assignment and provides data to (1)
measure financial status, (2) determine need for adjustment of current resource
and program authorizations for the current year, and l 3) indicate levels and
phasing o{ activity for subsequent years.

The Saturn IB Progra_m Control Office participates in the preparation of 
MSFC Industrial Operations POP guidelines and instructions to in8Ure that ade­
quate data to validate and justify funds and manpower requirements is included 
in the submission of the final POP to MSF. Saturn JB direct manyeiirs for R& D 
civil serdce, in-house, and major contractor support are shown on Figure 8-2. 

8. 4. 3 FORMULA TION AND SUBMI�ION OF PROGRAM OPERA TING PLAN.
The Saturn 1B Prog!'am Office is responsible for developing and preparing fund
requi&'e•nents for the Saturn IB Project. Requirements are documented at the
lowest practical level within the stage account with various factors such as
contractor estimates, anticipated contractual changes, engineering proposals,
etc. , used as a basis for the estimates. Backup material to facilitate justifica­
tion of the estimates includes technical narrative and detailed program informa­
tion such as hardwa�·e to be procured, major prime and support contracts,
current value through run-out, summary of accomplishments to date, explanations
of significant differences between requirements in the various fiscal years, and
concise itemization of other support requirements.
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8.4. 4 REVIEW AND APPROVAL. Review and evaluation of the POP is a joint 
function of all organizational elements of the Saturn IB Program Office. The 
purpose of the review is to ( 1) validate the program requirements and the 

uswnptions used in establishing the budgetary requirements, (2) insure proper 
balance between the various elements of the program, and (3) ascertain that the 
assumptions, programming, and justification of the POP are consistent with the 
latest NASA policies. 

Saturn IB Program organizational elements are responsible, within their 
areas of technical and program cognizance, for the validity of the POP as well 
as providing assistance in the ·review and evaluation of fund requirements. 

The Saturn IB Program Control Office has responsibility for coordination 
of the review and evaluation efforts of the Saturn IB Program within MSFC. This

entails preparation, revision, and editing of the necessary formats for justifica­
tion and backup material required for the review and coordination with the In­
dustrial Operations Resources Management Office on any changes required for 
the POP presentation to MSF. 

The Saturn 1B Program Office provides representatives to meet with 
Apollo Program Office personnel to review and evaluate the proje�t details con­
tained in the POP. 

8. 5 RESOURCES AUTHORIZATIONS AND FUNDS 

8. 5. S GENERAL. MSFC availability of funds is subject to ( 1) Resources
Authorf.:.:.ation, which is a NASA administrative limitation on initiations widertaken
for specific projects·, or (2) Allotment of Funds, which is a legal limitation on
commitments, obligations and expenditures, Any official who incurs obligations
or expenditures in excess of the amount authorized in the Allotment of Funds is
in violation of Section 3679 of the Revised Statutes (31 USC 665).

b. 5, 2 RESOURCES AUTHORIZATIONS - DOLLARS. The Saturn 1B Project
Resources Authorization, based on an approved POP, is issued to the MSFC
Financial Management Office by the Apollo Program Director on NASA Form
643 (MA's) for the current year. This document is received in increments and
establishes a limitation on initiations. The first increment covers fiscal year
program requirements through February, including any amount authorized earlier
to cover program requirements in the period of "continuing resolution. " The
second increment is based on the revised POP and covers program requirements
through May while the third increment covers the remainder of the fiscal year.
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The Financial Manageme:.t Office distributes MAs to the applicable Pro­
gram Office. Sub-authorizations to other centers are requested by the respective 
Program Office for issuance by MSFC Financial Management. For example, in 
accordance with the MSFC/KSC Agreement and based JD an approved POP, the 
Saturn IB Program Office issues sub-authorization to KSC on an incremental 
basts for prelaunch checkout operations. The current Saturn 1B Program 
Operating Plan contains obligation and cost summarizations by system 
account major contractors. 

Any reprogramming between projects or increased in limitations is sub­
ject to change only by MSF amendment unless authority is specifically delegated 
on the MA. Based upon approved justification, within MSFC, Saturn IB repro­
gramming is requested by the Saturn IB Program Office through the Industrial 
Operations Division. 

8. 5. 3 RESOURCES AUTHORIZATIONS-PERSONNEL. Resources Authorizations
on civil service personnel ceilings are issued to MSFC by MSF on NASA Form
506 (White) without specific reference to programs, projects, or systems. Man­
power authorizations are aligned in accordance with appt:oved POPs with internal
allocation by MSFC top management made semi-annually based on manpower
reassessments. These reassessments result from endeavors to equalize man­
power assignments with changing workloads, such as phase-out of the Saturn I
Program, staffing of newly created offices such as ID/Centaur, Mission Opera­
tions Office, etc.

Within MSFC, the staff Program Planning and Resources Of(ice controls 
ceilings for staff and ser•:lce offices, Research and Development Operations and 
Industrial Operations. 

Within Industrial Operations, which is stHl a growing organization, man­
power ceilings are allocated by the Director, Industrial Operations, Lbrougb the 
Resources Management Office to the Saturn IB, Saturn V, Engine Program Office, 
Facilities, Logistics, and other offices. 

An MSFC Position Management Report submitted monthly to MSF contains 
the status of civil service positions and compilation by skills, grades, average 
salary and grade under regular, permanent, termporary and other classifications. 

8. 6 STATUS REPORTING 

Basic f
i

nancial status reports prepared by MSFC for submission to MSF, 
including Saturn IB Program data, consist of: 

8-9



1. "Manned Space Flight Schedules" are prepared by the cognizant stage
office and include data on funding, contractor accrued costs, and manpower. De­
tailed. data ii also available from the Contractor Financial Management Report, 
NASA Form 533, which is furnished to MSF on all Saturn IB major coat-ty�� 
contract...;. 

2. Reports on 'Financial Status of Programs" are prepared by the MSFC
Financial Management Office and provide the monthly status of financial data 
fol' all programs. The MSFC flow chart is shown on Figure 8-3. 
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SECTION 9 

TECHNICAL DESCRIPTION AND SYSTEMS ENGINEERING 

9.1 SCOPE 

This section contains a statement of the objectives and missions of the 
Saturn IB program, a technical description of the vehicle design requirements 
and configuration, and a description of the launch facilities. 

9. 2 PROGRAM OBJECTIVES 

A launch vehicle capable of placing a version of the Apollo spacecraft 
into earth orbit for flight testing is needed at the earliest date possible. The pay­
load capability of lhe Saturn I launch vehicle was insuffici_ent for such a mission 
and the Saturn V will not be avaihible until approxiroa.tely one year after the 
Apollo spacecraft is ready for operational testing. 'the Saturn IB launch vehicle 
is therefore being developed as an intermediate step between the Saturn I and 
Saturn V launch vehicles to provide the capability required for early testing of 
the Apollo spacecraft in earth orbit. 

The objective of the Saturn 1B Program is to provide launch capability 
for the development of the Apollo spacecraft and to provide for development of 
spacecraft orbital maneuvering techniques. Specific Saturn IB mission assign­
ments and specific flight objectives to accomplish the above program objectives 
are defined by the Apollo Flight Mission Assignm_�nts Document, NPC-C500-U,

The MSFC Mission Directive for each particular. Saturn IB launch vehicle will 
implement the requirements and objectives of the Flight Mission Assignments 
Document. The Mission Directive is the single instrument for authoritative 
identification and control of the requirements, objectives, assignment. of responsi­
bilities, and specific details of implementation for individual flights consistent 
with Center responsibilities. 

The Saturn IB launch vehicle will combine a modified version of the first 
stage of the Saturn I launch vehicle with a modified version of the third stage of 
the Saturn V launch vehicle. The resulting Saturn IB launch vehicle will provide 
an earth or·bital payloa<i capability of appr"xlmately 20 tons. This capacity is 
about nlne tons 1roat.er than that of the Saturn I launch vehicle. 

The experience, •kill■, and technical lmowledge gained in conducting 
the Saturn ID L:wncb Vehicle Program will be directly related to the mission 
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assigned and to the functional requirements and reliebllity goals of the vehicle 
and payload. Technological advances made during the Saturn IB Launch Vehicle 
Development Program will be used to expedite and improve the Saturn V launch 
vehicle. Advances will occur in practically every phase of launch vehicle develop­
mer.t, including propulsion, liquid hydrogen technology, vehicle structures, 
guidance and instrumentation, propellant tank manufacturing methods, and 
ground-test and flight-test philosophies. 

The Saturn 1B launch vehicle has many p,.>tential uses in addition to those 
soecified for the Saturn IB/ Apollo Program. Possible missions other than 
Apollo will be described in SscUon 17. Advanced Missions, as the informa�on 
becomes available. 

9. 3 M�ION AEGNMENTS 

9. 3. 1 MISSION DESCRIPTION. The primary mission of the Saturn IB Launch
Vehicle is to place a manned Apollo spacecraft Into a low earth orbit using a
flight azimuth of 72 degrees east of north. The Apollo spac�craft used for these
missions will consist of a Command Module (CM), Service Module (SM), Lunar
Module ( LM), Spacecraft LM Adapter (Si.A), and a Launch Escape System (LES).
Each mission will be unique in that the Command Module, the Service Module,
and the Lunar Module will be incorporated in various combinations and in various
condlUons of final-conflguraUon loading. The final configuration of the S-IVB/IB
stage and the Instrument Unit will be capable of supporting the-operation of the
Apollo spacecraft during a 4-1/2 hour earth orbital coast period. Effective with
the eighth SatW'll 1B vehicle, tb1e capabllif¥ will be extended to 7-1/2 hours.

The secondary mission of the 8aturn 1B launch vehicle will be to provide 
flight teats of operational system• which will be Incorporated into both the third 
stage (S-IVB/V) and the lnatrummt Unit (IU/V) of the Saturn V space vehicle 
for use in manned missions to the moon. 

Twelve Saturn IB/ Apollo flipta are planned, uWizing launch vehicles 
SA-201 through SA-212. The primary objective of the first two Saturn ID/Apollo 
vehicles (SA-201 and SA-202) wu &be flipt testing of the launch vehicle and . . 

unmanned Apollo spacecraft, and verWcaUon of beat shield performance under 
maximum reentry heat rate and beat load. reepectlvely, The primary objective 
of a third vehicle (SA-203) wu to •ludJ &be dynamics of Uqwd hydrogen con­
tainment in a near zero-g environment by 1Djectmg the S-IVB/IU mlo a low-earth 
orbit with a maximum of reefdu•• Uqldd bydrogen remaiotng aboard. 'lbe next 
flight will evaluate and verify mu/ayalem interface confipraUoo, demooatrate 
system performance, and accompllab S-IVB/

l
U orbital cbecko11t. The six.th apace

vehicle mission will cona!at of tbe LIi alone being placed mto earth orbit lo verify 
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LM systems operation, staging characteriaUcs, and fire-in-the-hole abort demon­
stration. 'lbe primaey objecUve of the following two flights will be a dl.llll launch 
to place an Apollo CSM and LM, re■pecUvely, into earth orbit. While in earth 
orbit, the Apollo spacecraft will undergo operational tests in order to prove the 
capability of its design. Essential capability will be that necessary to perform 
the maneuvers required for the eventual voyage to the moon as part of the Saturn 
V LaWJCh Vehicle Program. Such a voyage will be undertaken only after the 
Apollo spacecraft design capability bas been proven in earth orbital maneuvers. 
Assignments for the Saturn 1B space vehicles are shown in the Apollo Flight 
Mission Assignments Document, NPC-CSOO-U. 

9. 3. 2 TYPICAL MISSION SEQUENCE. A typical Saturn �B launch vehicle
manned mission will consist of a series of events which will begin with vehicle
launch, include earth orbital maneuvers, and end with separation of the Apollo
spacecraft from the S-IVB/IU. This series of events is described in the para­
graphs which follow.

Figure 9-1, Saturn IB Space Vehicle at Launch, illustrates the launching 
of the space vehicle from Complex 34 or from Complex 37 at Cape Kennedy, 
Florida. The vehicle is shown Just after lif

t

off from the launch pad. In the 
background is the Umbilical Tower, approximately 268 feet high, through which 
all propellants, gases, and electrical. electronic, and pneumatic services have 
been extended to the vehicle up until liftoff. The eight H-1 rocket engines, 
operating in Wlison. develop a thrust level aa shown ln Table 9-1. 

The Saturn IB space veh.lcle will be approximately 224 feet long and 22 
feet in diameter, consist of the launch vehicle and the Apollo spacecraft, and at 
liftoff will weigh approximately 650 tou. The Apollo spacecraft will be approxi­
mately 53 feet ln length and 13 (eel in diameter with the Launch Escape Tower 
extending above· approximately 33 feet. Launch operations are being controlled 
from the Launch Control Center (Blockhouae) some 11 000 feet away. 

Figure 9-2. First Stace SeplratJon. illustrates discard of the lower •&aae 
of the Saturn re after completion ol lirat •&ace powered flight. First stage 
separation will take place at an alti&llde of approximately 35 nautical miles. Prior 
to the instant. protrayed in thla vlew, &be inboard engines of the S-IB stage were 
cut off by fuel level eeuors loca&ecl lD two of tbe fuel tanks. Three seconda later 
the outboard engines were cUl off by ellber fuel level sensors in the same two 
fuel tanks or a programmed alpal from the lnatrument Unit guidance computer 
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FIGURE 9-1. SA TilltN 1 B LAUNCH 
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TABLE 9-1. SATURN IB NOMINAL POWER PLANT PERFORMANCE 

Number of Engines 

Total Nominal Thrust (lbs) 

Propellants 

Nominal Propellant Weight (lbs) 

Nominal Mixture RaUo 

( oxtdlzer to fuel) 

Specific lmpw.se ( Sec, nominal) 

Nominal Burning Time (sec) 

Mixture Ratio Range 

LOX Pump NPSH (minimum) 

Fuel Pump NPSH ( minimum) 

S-IB STAGE

8 

1,600,000 (201-205) 

1, 640, 000 ( 206 & Subs) 

(Sea Level) 

LOX& RP-1 

884,000 

2. 23: 1

262. 6 (201-205)

263. 4 (206 & Subs)

(Sea Level)

145 

Fixed 

35 ft. 

35 ft. 

S-IVB/IB STAGE

1 

200. 000 (201-207)

205, 000 (208 & Subs)

(Vacuum)

LOX& LHz 

230,000 

5:1 

422 (201-203) 

42t (204 & Subs) 

(Vacuum) 

450 

4. 7:1 to 5. 5:1

26 ft. 

150 ft. 



FIGURE 9-2. WWER STA<;E DISCARD 
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through the S-1B stage switch selector to the cngmet1. Thiti cutoff mode for the 
outboard engines is determined by the amount of ruidual fuel remaining. Within 
about one second after outboard engine cutoff the tl-lVB stage ullage rockets were 
ignited, the separation structure was sevorud, and the four retrorockets on the 
S-IVB/IB aft interstage were ignited. Mechanical Hparatlon of the stages has
been accomplished by an explosive "skin cutUng" and tension plate system which
has parted the stages near the forward end of the S-JVB/JB aft interstage. The
four retrorockets mowited on the S-JVB/1B aft lnter■tage apply a retarding force
to facilitate separation of the stages. 'Ibe three u.llage rocket motors mounted
on the S-IVB/IB stage aft skirt are shown in opt,raUon, applying an accelerating
force to the upper stage. This acceleration will be u.eed to settle &he Uqu.id
hydrogen and liquid oxygen propellants in their tank• to auure the presence of
liquid propellant at the inlet of the turbopumpa. 1b1a l■ esaenUal !or proper
starting of the S-IVB/IB stage J-2 rocket engine. The instant portrayed in this
vie·v is that just prior to igmUon of the second stage J-2 engine and the bagloatng
of the second phase of powered flight.

After the ullage rockets have burned out, the empty rocket cases will be 
jettisoned as a weight-saving measure about 10 seconds after J-2 engine ignition. 
The J-2 engine will deliver a thrust level as specified in Table 9-1 and thereby 
propel the second flight configuration along its flight trajectory. Proper se­
quencing of each of the actions which take place durJng vehicle flight will be 
initiated automatically from the Instrument Unit through the S-JVB stage flight 
sequencer. The S-IB stage and S-IVB/1B aft interstage will lose velocity after 
being discarded at the time of first stage separaUon, will fall back to the earth's 
surface, and impact aboat 270 nautical miles downrange. 

Figure 9-3, Jettison of Lawich Escape System, illustrates the ejection 
of the LES tower from the forward end of the Apollo Spacecraft Command Module 
thirty seconds after J-2 engine ignition, and approximately 47 nautical miles 
above the surface of the earth. At this altitude and in this phase of flight the 
LES is no longer required for successful abort of the Command Module and is 
therefore ejected to save weight during the rest of the mission. The LES is 
ejected by igniting its "jettison" rockets in the tower. These rockets will propel 
the LES tower forward and upward, respectively• and will thus project the tower 
out of the way of the launch vehicle. A brief description of the various abort 
procedures and operations can be found in Section 9. 5.2, Emergency Detection 
System ( EDS) • 

The S-IVB stage, the Instrument Unit, and the Apollo Spacecraft of the 

Saturn ID space vehicle will be inserted Into a low earth orbit as determined by 
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FIGURE 9-3. LAUNCH ESCAPE SYSTEM JETTISON 



the lnstrwnent Unit guidance system. Upoo entry into earth orbit, the J-2 
engine will remain in operation until proper orbital velocity bas been attained. 
At that time the J-2 engine will be cutoff, aod the �eccmd flight configuration, 
will coast in earth orbit for a duration of up lo 7-1/4'. how-a. During this period 
of orbital coast the astronauts will conduct te•ta of cqwpment and will per­
form maneuvers of the spacecraft comparable to tboN lo be conducted during 
the earth-orbital portion of the Saturn V lunar m._•loa prot{l'am. The primary 
purpose of these mane11vers is to provide rigorou k•tia& of &he Apollo space­
craft under realistic environmental condiUona. The HeUDdary parpose is to 
provide astrona11t training in the 11Ulizatioo of aipKe«:raft eootrole "-Oder actual 
orbital conditions. These cogditions will lDcl&&de •aJ&tdle■lilNtfl, artificial 
atmosphere, isolation, and other environmental arid piaycholopcal condtttons 
which will affect space travel. A more deUniUve deaefi&lUoe of theae missions 
and objectives can be found in the Apollo Flight M.lnkm Auipmeat.s Document, 
NPC-CS00-11, or the Flight Mission DirecUve for• Ii•• ntpt.

Fig11re 9-4, Apollo Spacecrait, is shown bore ualJ lo pn,vide a perspec­
tive as to the vario11S module locations. The comblDed Command Module & Ser­
vice Module (CSM), Lunar Module (LM), and Spacecraft UI Adapter (SLA) 
make up the major components of the Apollo spacecraft. Recent mission 
planning has altered the spacecraft configuration saacb that tbe CSM and LM will 
be launched on separate vehicles to comprise a dual launch mission. The basic 
external configuration will remain for the CSM lawicb, however. for the LM 
launch a nose cap will replace the CSM atop the SLA. This protective shrolld 
will be carried to orbit and jettisoned prior to CSM/LM rendezvous and dock1Dg. 

Figw-e 9-5, Spacecraft/LM RendezvollS, illllstrates the deployed SLA 
panels, the S-lVB/lU/LM combination, and the CSM undergoin& the final 
mane11vers of the rendezvous jllst prior to docking. The nose cap located atop 
the SLA was jettisoned by a spring assembly similar to that ll.Hd on the Saturn 
1/pegasus missions. After jettison of the nose cap, &he SLA pan.els are sepa­
rated and deployed. 

The LM will remain attached to the combined 8-JVB/lU for stability until 
after the subsequent docking manellver bas been comple&ed. The Auxiliary 
Propulsion System (APS) Modules, which are located on the aft skirt of the 
S-IVB/1B stage, provide stabilization to the S-JVB/lU and LM. The APS will
bo pu1aed in accordance with inputs from the control aya&em located in the JU
lo mam&ain a fixed orientation tu space since etablli� 1• extremely important
di&riq tho docking maneuvers. Attitu.de chBDIN would uverely complicate
I.be dockiDI process and could result in collision of the CSM with the ·LM. The
.Reaction Control System jets on the SM apply the .necessary force to execute
die docking maneuvers.
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Figure 9-6, Spacecraft Docking Maneuver, illustrates the docking 
maneuver of the CSM into the t.l\l. Docking will be conducted by the CSM at 
the upper docking tunnel of the Ll\t, as illustrated. Contact between the CM 
and the LM will be made by a probe and drogue arrangement wherein a coni­
cal p.robe extended from the CM docking tunnel will engage a funnel-shaped 
alignment drogue mechanism on the LM tunnel. Locking will be automatic 
when the CM and the Ll\f docking tunnels are placed in proper alignment and 
when they make complete contact with each other. The A PS of the S-IVB stage 
will continue to provide stabl:liuUon after docking up through the tim":? at which 
the CSM/ LM withdraws from the remainder of the launch vehicle. 

Figure 9-7, S�_cecraft Dtaengagement after Docking, illustrates the 
separation and withdr.itwal of the CSM/ l,M from the S-IVB/IU after completion 
of the docking procedu-..-e. 'Ibis wjthdrawal will mark the end of the contribution 
of the launch vehicle to the Saturn JB/Apollo mission. The 8-IVB/IB stage and 
Instrument Unit combination will be discarded and remain behind in orbit wiUl 
orbital decay forces cause reenr.ry into the earth's atmosphere and subsequent 
burnup by reectry beat. 

9, 4 VEHICLE SYSTEMS DESIGN REQUIBEMENTS 

9. 4. 1 A PPROACl1 During tho development period of the Saturn IB launch
vehicle system, maximwn ulillzalion will be made of known engineering methodaa,
technical principles, and existing faciUUes. tools, and equipment. To achieve
the highest system rdlaWUty prior to the first flight, particular emphasis wUl
be placed upon the uau of components and subsystems developed for or provided
by the Saturn I Launch Vehicle Program. A test plan ha:s been formulated to
emphasize the extensive ground and flight tests required for establishing con­
fidence in the use of the Saturn 1B space vehicle system for manned application.
A failure-effect analyal• will be iierforn11 .. >d to identify and establish critical
areas in the design and checkout of all systems and subsystems. Such an ap­
proach is necessary for analyzing systems of the magnitude of complexity
present in this vehicle.

The development phase of each stage and of the entire vehicle includes 
both laboratory and manufacturing research. Each component, subsystem. 
system, and stage wtll be tested sufficiently to assure maximum reliability be­
fore it is assembled into a complete vehicle. 

OperaUonal components will be tested and tried to their maximum ex­
pected limits in numerous trials before being declared suitable for Incorporation 
into the design. This type of testing will insure maximum reliability with a 
minimum of either operational testing, flight testing, or both. 
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FIGURE 9-6. DOCKING MANEUVER 
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St&Uc firlnga of prowtype or &cat engines will allow verification of 
en&fne deaign and componenta. AU fUgbt engines will be static fired to assur� 
reliable operation. 

The development rtipl pl'Qgl'am will consist of a series of three, or 
perbape four, Olgbta which will ■erve the objective of evaluating the flight per­
formance of the Saturn IB launch vehicle system to establish operational 
reliability. 

9. f. 2 DESJGN GROOND RU LDJ AND GUIDELINES. The Saturn IB launch ve­
blcle design will incorporate requJrementa necessary to assure mission success
and flight crew ■afety. To attain lhl■ goal, special considerations will be in­
corporated int'.> the dulp.

Special n:aarallng reliabtllty requirements will be developed and applied 
throughout launch vehicle development to achieve maximum safety and reliability. 

The Saturn 1B laUDCh veJaic�e wW be designed so that the operational 
manned veblcle• will aot exceed &he pby■lologlcal limits of the flight crew. 
ffum■n flngtneenng panmelen for crew safe1J and effective performance have 
been determined throup extenatve research and testing programs. These 
parametera will be appled lo the launch vehicle design. 

The Saturn t' laUDCh vehicle will be designed to minimize the probability 
of vehicle loN re■llltiDI from malfunction of any component, subsystem, or 
•yatem. Specially-developed puaUuncUon-control schemes will be uUlized lo
achieve deaip gmla. An Emeqency Detection System (EDS) will be desiped
into the Saturn IB launch veldcle to ln■ure escape of the astronaut crew ill tbe
event of a camtropbic failure of tbe launch vehicle. The EDS will be deaiped
to detect mallunctiCJll8 aDd lo lndlca&o ■uch mal!unctiona to the utronaut■ on u
tn■trument diaplay located In die CII of the Apollo spacecraft. or to automatically
inluat.e abort. The aelecUon of parameter• and the ldenti!icaUon al eeuor lo­
cation■ for the EDS will be determined by a cause-and-effect analysis and by a
criticality priority eltablUlluneat with reapect to component failures.

The fatlun-effeo t aal,al• provide■ lopcal guidelines !or dBafp renew, 

improvemeata, aad ., ........... and for tdenUflcaUoa o! critical component& 
to be monltorod. la ... ......,. tbe effect of a component failure on aubayatem 
performuce, ,_,. modetl ol faUllN wU1 be coa■ldered: 
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a. Premature operation of a component,

b. Faill.ll'e of a comporent to operate at a prescribed time,

c. Faillll'e of a component to cease operation at a prescribed time,

d. Failure of a component during operaUon.

Each component will be evalwated in this manner for the failure modes 
which are applicable. Component. evaluation will include an estimate of time 
from component failure to vehicle loBS. In evaluati• systems which will be 
used on manned space vehicles, first. priority will be given to critical items 
which can cause catastrophic loss of the ayatem and of the vehicle itself. 

The test points at which aya&em1 wm be monUored wW be determined 
from a detailed study of schemauca and now clap-ams and will incorporate 
those points necessary for a complelo on-die-pad checkout. 

Automatic Checkout la a term applied ID the use of mechanical, electrical, 
hydraulic and pneumatic 111&tomaUc equipment for checkout and test of launch 
vehicles. Use of automaUc checkout equipment will optimize the probability of 
mission success for operational vehicle• due to increased reliability brought 
about by more comprehensive cbeckot1t capability. Equipment which bas auto­
matic capability will be opera&ed ID aacb a manner lbat it wW perform contlnuOlle 
monitoring of vehicle componen&a and ayatom■ during checkout and test. The 
a11tomatlc checkout system will provide Ua own ■timllli and will contain pro­
visions for self-monitoring. S-IB •&aae awomatic checkout is limited to the 
level of automation of the s-m etage. 

H11man abilities, such as the capaclt.y for reliable performance and the 
exercise of Judgement under varying condiUona, wil l be employed 1n the overall 
man-machine system to increue &be probabilit.y of mission success. 
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The vehicle subsystem• will be dncrlbcd 1n Section 9. 6 ud are clu•l­
fied as follows: 

a. Structures

b Propulsion

. 

Flight Controlc. 

d. Instrumentation

e. Electrical

f. Environmental Control

g. Ordnance

h. Guidance

The design requirements for these aubeystems of the launch vehicle 
can be found in the Saturn 1B Project SpeclftcaUon. 

9.5 SATURN 1B LAUNCH VElllCLE DESCRIPTION 

9. 5. 1 VEHICLE

9. 5.1.1 GENERAL. The Saturn 1B space vehicle conaiata of the Satu.m lB
launch vehicle and the Apollo apa.oecraf� u shown in Figure 9-8. 1be apace
vehicle will have an overall lmgtb of approximately 224 feet.

The space vehicle wW have an approximate liftoff weight u ahown in 
Table 9-ll and will be capable of placing Ha Apollo spacecraft payload into a 
low earth orbit. Vehicle and a&age nwnbering will be in accordance with Ftpre 
9-9.

The Saturn m launch vehicle will be composed of an S-IB ftr■t •&ace• u 
S-IVB/m second stage and an lnatrument Unit. The S-1B stage wlll bo ..,-opellod
by eight H-1 rocket engines wbiob wlll lift the launch vehicle and payload (ftrat
flight configuration) to a height of approximately 35 nautical mllo•. Tbe
S-IVB/IB stage will be propelled by one J-2 rocket engino wbtch will booet the
second flight configuration (S-IVB/1B stage, IU and Apollo apacecraft) 1olo a
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FIGURE 9-8. SATURN 1B SPACE VEHICLE 



TABLE 9-Il. SATURN IB SPACE VEIUCLE CHARACTERISTICS 

Nominal 
Mainstage 

Approx. Appl'Wl. Nominal Propel-
Component Length (ft) Diame&er (ft) Liftoff Weight lant 

S-IB Stage 80.28 21.4 985,400 884,000 

S-IB/S-IVB (18.71)* 21.7 6,600 
Interstage

S-IVB/IB Stage 58. 38'1'* 21.7 254,750 230,000 

Instrument Unit 3.00 21. 7 4,150 

Apollo Spacecraft 82.93 12. 8 46,300 
(including LES) 

Flight Performance 1,500 (Included in S-IVB/IB) 
Reserves Stage Weight 

Space Vehicle 224.60 21. 1•• 1,297,200 

* Interstage length (18. 71) is included in S-IV&'IB Stage length (58. 38).

*• The l iquid hydrogen tank protrudes 8" (0. 67 feet) forward of S-IVB/IB
Stage Forward Skirt and into the lnatrument Unit void. Thus. only 58. 38
feet of the total 59. 1 feet overall length of the S-IV&'IB Stage ls reflected
in the length of the space vehicle.

• ** .Maximum diameter including fins is 40. 7 feeL 

9-23



I sm1 I s,1a- I LAUNCH k •• 511611 S:IYI I iNST0au. I VEHIQE cun VEHIQI ,.... l STAGE . UNI 

AS-201 CSM-009 SA-201 S-11-1 S-IVl-201 5-111-201 

AS-202 CSM-011 SA-202 S-11-2 SM-202 S-IU-20'1 

AS.203 NOSECONE SA-203 s.8-3 5-M-203 S-111-203 

AS-204 CSII 012 SA-2CM 5■4 S-IVl-204 �2CM 

AS-205 CSll-014 SA-205 S-11-5 S-M-205 Sll-205 

AS-206 L•l SA-206 S-■ 6 S-IVl-206 S-IU-206 

AS-207 CSll-101 SA-207 5-11-7 5-M-207 S-111-207 

AS-208 L■�2 SA-208 541 s.m-20• S-IIJ.208 

AS-209 CSM-105 SA-209 S-8-9 S-IVl-209 SIJ-209 

AS-210 LM-6 SA-2IO 5-8-10 5-1¥1-210 S-IU-210 

AS-211 CSM-101 SA-211 s-a.n S-IVl-211 S-IU-211 

AS-212 LM·9 SA-212 5-11-12 S-IVl-212 S-IJ.212 

FIGURE 9-�. SATURN 1B LAUNCH VEHICLE IDENTIFICATION 
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low earth orbit. The JU wUl provide guidance, control and sequence signals 
for eucceasful operation or the total Saturn 1B launch vehicle. The launch ve­
hicle will be aligned to the proper trajt>ctory and orbital Insertion condltlons by 
I.be inertial guidance system, which uses the iterative guidance mode, currently 
beJag developed for the Salum 1B and the 8aturn V launch vehicles. 

Deap characteristics of a typical Set.um 1B apace vehicle are given in 
Table 9-11. Payload weight 11mitat1ons wil l  not ho lltriJllenl cl.art.nl early Saturn 
JD •JJIICe vehicle Rights and will provioo tor ex&enatw, tutrumemaUon for the 
vehicle. Later. when vehicle performance panme�r• have been ea&abltsbed 
by actual Oigbt tests, much of the lnstrumen&aUoo wJll be removed. SUbse­
qaen&ly, emphasis will be place-1 upon Apollo ..-cecraf& mooUoring, and the 
weight eaved by removal of vehicle lmtrwncmtaUoa wW be converted into payload 
component and instrumentation reinforcement. Tbe aomlaa1 power plant per­
formance for the Saturn 1B launch vehicle can be fOUDd in Table 9-1. 

9. S. 1. 2 MASS CHARACTERISTICS. Typical mu• cbaracterlatics of the
Saturn 1B space vehicle (i.e., combined lauocb vehicle and Apollo spacecraft)
are given ln the Saturn 1B Program SpeclflcaUoa.

9. 5. 1. 3 FUCHT MECHANICS. A stability analya1la, uaumlng baffles which
provide 3 percent of critical slosh damping, indlcatn that propellant sloshing
presents no stability problem.

During separation of the S-1B at.age from the remainder of the space ve­

hicle after H-1 engine cutoff (first atage aeparatlon), the second flight con­
fqparation, which consists of the S-JVB stage, JU and Apollo spacecraft,ls 
controllable within the maximum expected initial condiUons of attitude and of 
roll, pitch, and yaw rates. 

9. 5.1. 4 AERODYNAMIC DATA. A& lU&off, base suction produces a drag force
of approximately 10,000 lb. This force reduces to a value of about 3300 lb by
&he Ume the vehicle reaches a height of 100 feet. Thereafter , the drag bu been
computed by use of one empirical equation for the power-on condition and an­
other for the power-off condition.

Norm al-force-coefflciant-gradlent and center-ol-preaaure data have been 
obtained from experimeatal tests on the Sallara IB apace vehicle configuration. 
Local normal force distributions have been obtalud from linearized theory. 
The normal forces of the fins and of die Apollo CII are conaklered as concen­
trated loads acting at specific points. 

9-25



Local axial force distributions have been calculated along the vehicle 
airframe at zero angle of attack. The drag of the Apollo CM and of the engine 
shrouds, and the ba3� drag of the S-IVB/S-IB interstage and of the S-IB stage 
under power-on and power-off conditions have been calculated as concentrated 
loads. 

Local pressure coefficients have been calculated along the vehicle air­
frame for zero angle of attack. The distributions have been determined experi­
mentally from wind tunnel tests. 

Non-linear viscous cross flow data have beL� calculated along the vehicle 
airframe. Non-linear viscous cross flow inJ'ormallun ls required to supplement 
linear normal force data to determine the total normal forces at angles of attack 
greater than 6 degrees. 

!:I. 5. 1. 5 STRUCTURAL LOADS. Structural loads for the Saturn IB launch ve­
hicle for the Apollo spacecraft payloads are available in tabular and graphical 
form. Basic data used in computation of the structural loads are included in the 
Saturn IB Program Specification. The structural loads are based on inertia and 
aerodynamic loading only, and do not include temperature and internal pressure 
effects. The design-structural-loads calculations will be made on a continuing 
basis by MSFC. 

Structural design of the Saturn 1B launch vehicle will assure free standing 
(fueled or unfueled), launch, and in-flight capabilities in conformance with all 
probable wind forces. 

MSFC and KSC design groups will provide technical direction for struc­
tural development of the Saturn IB launch vehicle and for its associated ground 
support equipment and launch facilities. Thts will include responsibility for 
determining .... ad approving all structural loads and safety factors in accordance 
with recommended MSFC procedures. The structure will be designed to with­
stand all loads experienced during prelaunch, launch, and flight of the Saturn 
JB launch vehicle and the Apollo spacecraft. Typical of such are those imposed 
by ground wind forces, engine start and cutoff transients, bolddown, release, 
vibration, acoustics, flight wind forces, and loads Imposed by the action of flight 
control systems. 

9. 5. 1. 6 RANGE SAFETY SYSTEM. Each stage of the Saturn IB launch vehicle
contains a Range Safety System. The purpose of the Range Safety System is to
terminate the flight of the launch vehicle and to disperse the propellants upon
command from the range safety ground station. The system in each stage
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consists of two separate command receivers, P.ach of which bas a separate 
battery power supply, antenna, destruct system controllers, exploding bridge 
wire ( EBW) firing units and detonators, destruct explosives and a safe-arm 
device. This system will function upon receipt of a coded command &J.gnal. The 
Range Safety System is capable of thrust terminaUon and of firing explosives to 
rupture the fuel and oxidizer tanks. If in-Oigbt destnacUon o( the Saturn 1B 

launch vehicle is required, commands will be transmitt.e1:I to the launch vehicle 
by dual command FM transmitters. The command signal will be converted at 
t.be vehicle to signals which initiate engine cutoff and after a predetermined time, 
fire the propellant-dispersion explosive charges. 

9.5,2 EMERGENCY DETECTION SYSTEM (EDSj 

9.5.2, 1 GENERAL. The Emergency Detection System (EDS) is for crew 
protection on all manned Saturn 1B launch vehicles to provide continuous informa­
Uon to astronauts concerning selected vehicle parameters. 'lbe system is de­
signed to accomplish the following functions: 

a. Detect the adverse effects of equipment malfunctions and failure,,
and therefore the impending emergencies; 

.

b. Issue warning signals to the astronauts and to the personnel at ground
monitoring stations; and 

c. Under certain circwnstances, automatically initiale abort to protect
lhe astronauts by accelerating the CM away from the launch vehicle with the 
LES. 

Abort is defined as the sequence of separaU111 1be CM of &he Apollo 
spacecraft from the remainder of the space vehicle and propelling the CM away 
from the vehicle a distance sllfficient to proteot it from the effects of fire or 
e?'l)losion. Abort will be necessary in the event a malf11DCUon causes the vebicld 
to burn or explode on the launch pad dlll'ing late checkout or dulng � early 
phase of fiight. The abort process includes safe return of the a■tronaute to 

earth inside the CM. The selection of parameters and the identification of 
aenaor locations for the EDS will be determined by a cause-and-effect analysis 
and by a criticality priority establ ishment with respect to launch vehicle 
failures. 
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The abort sequence consists of the following steps: 

a. Abort initiation,

b. ShuLdown of vehicle propulsion (from liftoff +40 seconds),

c. SeparaUon of CM from serv ice module/LEM adapter,

d. Ignition of the LES launch escape and pitch control motors,

c. Flight of LES and CM into safety zone distant from launch vehicle,

{. LaWlCh vehicle propellant dispersion,

g. Deployment of drogue parachutes,

h. Descent of CM to impact,

i. Soft landing of CM.

The various zones within which effective abort control may be exercised 
are described io Figure 9-10. 

The evaluation of onboard vehicle irregularities is divided into two basic 
categories for the purpose of cb:ssifying Emergency Detection System reaction: 
those which consist of, or will precipitate, "critical failures, 11 and those wblcb 

consist of, or will precipitate, "catastrophic failures." "Critical failures" are 
those which will cause serious limitations to the capability of the vehicle to 
accomplish its mission. "Catastrophic failures" are those which are almost 
certain to result in destruction of the vehicle and for which the danger la im­
minent. "Critical failures" may, depending upon the circumstances, create 
conditions which later may degenerate into more serious conditions and c&almimt.e 
in the eventual loss of the vehicle. Because of a certain inherent Ume aae&, 
"critical failures" are susceptible to human evaluation as to the ex&eu& of dlelr 
effects and as to &he urgency of their demands. 

The EDS will provide for manually-initiated abort action wbea lime ptr­
mits. and automaUcally-iD!Uated abort for "catastrophic faillarea. 111 TIie EDS will 
thereby take advanlzgo of the auperlo1· asse . .s of onboard �Q reUDDilS wt 
reaction by the ulmuuw lD a highly capa'.Jle man-machine ayaaem. U�l:i.uliN 
of astrooalll talent la poalllble when time is available for bwnu rv.,_N& Tlw 
EDS will Ukewiae prolBCt the astronauts by instantaneou.& automatic abort 
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initiation when time is not available for human decision and action. AutomaUc 
abort conditions will result if vehicle angular overrate occurs or loss or thNst 
or two or more first stage engines is indicated, The astronauts will be provided 
with the means of bypassing either or both automatic abort features. Back-up 
capability for deactivation of either or both automatic abort capabilities will be 
provided in the Saturn IB launch vehicle sequencer. During both automatic and 
manual abort con0�.tions. an emergency signal will be transmitted to the EDS 
display panel in view of the astronauts in the Apollo spacecraft CM. 'Ihe signal 
display is advisory-only to the astronauts during automatic abort conditions. 
Under manual abort conditions. however. the astronauts will be given the option 
to continue the mission or to initiate the abort sequence and thus terminate the 
mission in accordam:e with their own judgement. Information generated by the 
EDS, plus other "early warning'' vehicle performance indications. will be 
telemetered to ground monJl.or.lng stations. The ground operating personnel 
may thus assist in ev.;.faating the factors involved in "critical failure" conditions 
wherein manual abort may be required. 

Manual abort will ht: initiated based on at least two separate and disUnct 
indications. A manual abort ret(uest can be given based on telemetered data 
but the onboard information shall always take precedence. 

About thirty secondB after S-IVB engine ignition, the Saturn 1B space 
vehicle will have reached an aUU.ude of approXimately 47 nautical miles and the 
Launch Escape System wil1 be jettisoned. An abort can be effected at this altitude 
without the use of the LES t:ven though the probability of an abort requirement 
at this phase of lligbt is considered minimal. Also. from this altitude the astro­
nauts will have adequate lime in which to escape in the event the vehicle should 
malfunction. Should an abort occw-. the stage engine would be shut down prior 
to the remainder of the abort sequence. The danger of fire or explosion will 
still be present. but this dllcer will be greatly minimized after successful 
completion of the firat atqe aeparaUon procedure. The exact time at which I.he 
automatic abort feature may be deactivated will be determined by the require­
ments of the individw&l miutOD lor each vehicle. If the range safety officer 
initiates a command dNU'lael ataw, the vehicle onboard command destruct 
receivers will arm I.be dea&Net ayatem and simultaneously give engine cueoff a(
the launch vehicle eJIIPDB•• U Iba two-engine-out automatic abort capability of 
the EDS bas not bem dac:Unkld (either manually or by sequencer)• the enstae 
cutoff will automaUcally iDiUate &be abort sequence. If the two-engine-out 
automaUc abort capability bu been deactivated. the astronauts will be warned 
of the impendlog ranae ufety deatnlet by the abort request Ught. engine s&atua 
lights. voice communicaUon, and physiological indications; and must manually 
initiate the abort sequence. 
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The Range Saf�ty Command System wtll provide a delay in detooaUoo of 
the ordnance elements to permit e.cape of the CM prior to 1n1tiaUon of pro­
pellant dispersion by the Ordnance Destruct System. 

The reliability goal• of lhc EDS are such that the probability of detecUnc 

a failure will be o. 9973 and the probability of not detecting a false failure will 
be o. 9997. 'lbese goals are applied 1o each separate sensed parameter by the 
EDS. This EDS ts designed so that mulUple faillll'es 1n the EDS are required 1o 
prevent a false launch vehicle failure indicauon. All failures that coi•ld Jeopard­
ize crew safety will be designed out if at  all possible. 

9. 5. 3 s-m STAGE

9. 5. 3. 1 GENERAL. The S-IB Stage ( Fig. 9-11) bas a nominal length of 80. 3
feet and diameter of 21. 4 feet. It is powered by eight Rocketdyne H-1 rocket
engines which blll'n Uqwd oxygen (LOX) and kerosene (RP-1) fWi!l to provide a
total nominal sea level thrust as shown in Ta ble 9-1. 'lbe dry weight of tbe
stages and mainstage propellant loading capacity ts .shown 1n Table 9-D. Tbe
propellants are contained in four 70-inch diameter fuel, and four 70-inch
diameter LOX, containers clustered around a central 105-i.Dch diameter LOX
container. The s-m stage contains its own instrumentation and range s:'1e9
systems, but will receive guidance aod control commands from the IU. TIie
first two stages to be produced will differ somewhat from subsequent at.,.._
'lbe s-m stages S-IB-1 and S-IB-2 are modiftcaUons of stages oripnallJ pts sd
for the Saturn I program. Sipifie&Jlt differences in the designs includB a atawt­
tural modification for S-IB-3 and aubeequent stages, addiUon of parUal upAratDr
turbine exhaust mets and modfflcaUOIIII to the propellant senalng ■yatem. A
more definiUve descripUon of &beae modifications can be found ID the reapect&w
subsystems descripUona.

9. 5. 3. 2 STRUCTURAL SYSTEM

D. 5. 3. 2. 1 GENERAL DESCRIPTION. When the Saturn IB space vebAcle ••
assembled on the launch pad, the S-II, a&age structural aystem will euppan die
weight of the S-IVB/IB s1age, Jnatrument Unit and Apollo spacecraft u Wu&raaed
in Figure 9-8. The S-IB a&age structure conalata of the propellant coalaiMI'
aBSembly, the tail unit aaaembly flu, and tbe sec..Jnd •&aau adapter a11--N1.
Most of the structllre 18 fabricated of alwninwn alloy, deaiCMd to pve JD1xtw._
support wJtb minimum weipt. Ftpre 9-12, S-18, Stap Strllctllnl Compo•l1a,
illustrates conatructlon of the S-IB alqe. Tbrullt load■ p:odllced by die ••II•••
are transmitted tbroup the eqlne IDOIIDtiDC pada aDd thence tbroqb die tlana&
olltriggers to the LOX coa&amen. ApplOxima&ely 10 percent of the total s I'•
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FIGURE 9-11. S-1B STAGE 
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Lb.rut load t• uaoamUted through the center 105-inch LOX container. From the 
70-incb diameter LOX container•. lbe thrust load is transmitted through eight 
compre••lon and •m,ar flWng• ink> tbo aplder beam. The thrust load from the 
center con&ainer ts tranamitted to the apider beam by a rigid connection. From 
the spider beam. the tbruat load ta traumttted to the upper stage connecti on 
poiot.. 

Tbe •tructuntl rede•tp between the ftnt two S-IB stages and subsequent 
atages will re.ult in aigailicant weJ.&ht decrease. The weight reduction amounts 
to about 5300 pounds and i• broken down as follows: 

Structure forward of tanks 800 pounds 

Structure aft of tanks 700 pounds 

Tbrust structure 1200 pounds 

Fairings 800 pounds 

Fuel aanks 80 pounds 

LOX tanks 250 pounds 

Base beat protection 800 pounds 

Instrumentation 700 pounds 

9.5.3.2.2 TAIL UNIT ASSEMBLY. The most complex strt1Ctural assembly of 
the S--IB amp la the tail Wilt auembly. 1be tail unit assembly consists of a 
corruga,led central barrel. eipt CMatrigers (attached radially to the barrel)• 
firewall. beat abield, name ahielc:t. abl'Ollding. and accessories ( see Fig. � 11 
ud 9-U). The outboard enctne• are mounted to alternate outriggers, while the 
laboard enpnea are attached to &be lower end of the center barrel assembly ill 
the ume Jiane u the outboard enpnea. The heat shield is located at the plane 
of the thrut chamber throat, Nl'YIDI •• the lateral support for the lower shroud 
and also •• a thermal barrier. Each quadrant of the heat shield ls composed of 
nine removable J111D8l• coutructed of atainleaa steel to which is brazed an open­
face atainle•• ateel honeycomb wblcb Hrvea u a mechanical attachment for the 
thermal imulaUon. ID order lo accommodate eDCine gimbaling, a ftexible cur­
taJD comtructed of pu• fiber clo• and iDaulatton la installed between the 
outboard enpne thruat cbamben ud &be bnzed stainless steel honeycomb beat 
abield. Tbe lower •broud la cylladrlcal and I• deaigned for minimizati.on of 



aerodynamic loads. AlumiDWD alloy sheet la used for the upper panels of the 
lower shroud. Stainless steel is utilized for the lower panels because of the 
higher temperatures which they will eDCOW1ter. A firewall is located above the 
engine compartment at about the blrbopump level to protect the propellant tank
area from engine compartment fires. Eight sweepback type fins, each having a 
surface area of approximately 53. 5 square feet, are mounted on the tail section 
to increase aerodynamic stability of the space vehicle during flight. 

9. 5. 3. 2. 3 PROPELLANT CONTAINER ASSEMBLY. The propellant container
assembly consists of four 70-inch diameter LOX containers and four 70-·inch
diameter fuel (RP-1) containers all of which are clustered alternately around a
105-inch diameter central LOX container. The 105-inch diameter LOX container
is mounted on the central barrel and the 70-inch diameter fuel containers are
attached to the outriggers. Figure 9-U S-IB Stage, and Figure 9-12, S-1B Stage
Structural Components, illustrate the arrangement of these tanks.

Each of the propellant containers is an aluminum alloy cylinder with 
hemispherical bulkheads welded into each end. MoW1ted in each container are 
perforated aluminum, accordion-type anti-slosh baffles. These baffles are 
designed to minimize propellant sloshing in flight and thus assist in maintaining 
space veh icle stability. 

The LOX containers are load-bearing components which support the 
weight of the upper stages and payload in the launch position and which transmit 
engir.e thrust during flight. Becawse of the significant shrinkage of the LOX 
tanks at cryogenic temperatures, the fuel tanks, which do not experience sqch 
contraction, cannot be rigidly attached to the stage structure at both ends and 
therefore cannot contribute to the stnactural strength of the vehicle. The fuel 
tanks are attached to sliding fitunp at their forward ends. 

The 105-inch diameter IDX container is nominally 749 inches long and 
is constructed of aluminum alloy llkill aecments and ring frames. The forward 
and aft skin sections contain bemtapberlcal bulkheads, locgerons, and GOX and

LOX manifold lines. 

The four 70-inch diameter LOX containers are nominally 749 inc.bes long 
and are constructed of aluminWD. alloy skin segments and ring frames. The 
forward skin secUon con1ains a hemispherical bulkhead with an 18. O inch diame­
ter manhole. The aft skin section contains the lower hemispherical bulkhead, 
longerons, and the LOX manifold Unee. 

9-35



The four 70-incb diameter fuel conlalner• are nominally 743 inches long 
and are coostructed of alwninum alloy llluo aea;menta and ring frames. Basically, 
all four containe,:s are similar except for dJe foNanl akin sections. Two for­
ward skin sections contain instnamenu la a compartment formed by a double 
hemispherical bulkhead. The other two fonrard akin eecUo.ns contain a 20-
cubic-foot, high-pressure sphere. Aa ar:c:es• door t• Incorporated to provide 
personnel entry i4to the ln8trument ,-ompartmeat for ue as required for main­
tenance or repair. The center akin .-c:Uou i,n, mWed for weight reduction. 
The aft skin section cootalna the lower hemi-,berical bulkhead, the longerons, 
aJld the fuel manifold. 

9. 5. 3. 2. 4 SECOND STAGE ADAPTER ASSEIIBLI, 1be second stage adapter
assembly consists of the spider beam aDembly and tbe seal plate assemblies.

The spider beam aesembly provide• aa attachment for the propellant 
containers, supports toe weJgbt of the S-lVB/m mp, Instrument Unit, and 
Apollo spacecraft and transmits engtne lbrut lo;Mla to the upper stages. The 
spider beam assembly is comprised al a cmaler bub wltb eight I-beams spaced 
radially arowld the hub. Figure 9-12 U.h&atra1e• UliB structure. Lateral sta­
bility is provided by c1ossbeam• lbat a.re -.:UNd IO &he radial beams by spllce 
plates. 

The seal plate assemblie• co•tat al oJ&t,t alwninum honeycomb panels 
which are fastened to the spider beam to prvv'-Se a firewall between the S-IP 
stage propellant containers and the S-IVB/18 .... eaaine compartment. 
Access openings are provided just below the ■pder beam for maintenance and 
inspection requirements. Two fUUDp will be ued &o connect each of the 70-inch 
diameter outer LOX containers rigidly 10 the spider beam. The 105-inch diame­
ter central LOX container will be attached rigidly to the spider beam. Two 
aliding fittings Will be used to fast.en each of the fuel containers to the spider 
beam. The fittings will provide for longitudinal movement of the fuel containers 
resulting from contract.loo of the LOX coat.atnera. Figure 9-13 dei:-cts the 
S-IB Production Sequence.

9.5.3.3 PROPUI.SION SYSTEM. 

D. 5. 3. 3. 1 GENERAL. The plVpUlatoo ayaaem for the s-m stage consists of
eight H-1 engines, a fuel ayatem, a LOX ■yatem and the necessary accessories.
The major item• of the propulaton ayalem are deacribed in the paragraphs that
follow.
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FIGURE 9-12, S-1B STAGE PRODUCTION SEQUENCE 



9. 5. 3. 3. 2 H-1 ENGINE. The H-1 rocket engine 1s a bipropellant engine which
de,.-elops a sea level thr!.!st as shown in Table 9-1, using RP-1 (kerosene) as
llael and LOX as oxidizer. An H-1 rocket engine is illustrated in Figure 9-14.
Eight H-1 engines will be mounted on the aft end of the S-IB stage in two groups
of four inboard and four outboard. The four inboard engines will be equally
spaced on a 64-inch diameter and fixed so that their exhaust nozzles are at a
3-degree cant outwai·d from the centerline of the stage. The four outboard
engines will be equally spaceo on a 190-inch diameter and oriented at 45-degree
ani,;�.)S with respect to the inboard engines. The ou1board engine exhaust nozzles
will be canted outward 6-degrees from the centerline of the stage when they are
in the "zero" (null) position. 'lb.is 6-degree outward cant of the outboard engines
will minimize pitch and yaw disturbances which may reswt from variation of
engine thrust Ol" total loss of pel"formance of an engine during S-IB stage powered
flight. Each outboard engine will be mounted in gimbals to permit a :t8-degree
range of engine gimbaling in a square pattern with reference to the zero (null)
position. Gimbal control of each engine will be effected by two hydraulic actua­
tors mounted 90-degrees apart on the circumference of the engine. Gimbaling
of the four outboard engines will direct their thrust vectors such that roll, pitch,
and yaw control of the Saturn IB space ,•ebicle can be exercised by these foW'
engines during S-1B stage powered flight.

A st&&� bas been made of the dynamic loatla experienced by the vehicle 
ck&ritll engine start, thrust bulld-up, holddowa re1eMe, and cutoff conditions. 
Darinl launch countdown the inboard engines Will be atarted first, two 
di.a.metrically-opposite engines at a time, With a ahort Ume interval between 
each pair. The starting seqllence is descrl>ed a■ 2, 2-2. 2. Du.ring actual 
Wah& die eight H-1 engineB will be cut off in a -i-4 &eqllence at the completion 
of flnt stage powered flight. The four inboa.rd en&tue'I will be cut off simul­
t.ueowlly and then after a short time interval (varytna from 100 milliseconds 
ml.D.imum to 6 seco!lds maximum) the fOW" ou1board engines will also cut off 
almultaneously. U a malfunction should OCCIII' during laW1Ch operations after 
lbe engines have been ignited but before liftoff, an emergency cutoff procedure 
la available. This emergency cutoff sequence is 4-4, wherein the four inboard 
e,wtnes are cut off simultaneo\lSly. Approximately 10 milliseconds later the 
(our outboard engines are cut off. 

The H-1 engine thrust chamber is the unit 1n which LOX and RP-1 pro­
pellants are burned to generate thrust. The propellants are forced into thF= 
thrust chamber under pressure by the engine tllrbopwnp. The propellants are 
mixed in a specific ratio as dictated by orificin& of the engine t.o a predetermined 
value. The nominal mixture ratio and tbruat chamber propellant flow rate of 
LOX and RP-1 for the H-1 engine is abown in Table9-I, Saturn m Nominal Power 
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FIGURE 9-14. H-1 200 K ENGINE 



Plant Performance. The thnist chamber co.nsists of a chamber body, LOX dome 
gimbal, and propellant injector. The thrust chamber of each engine la equipped 
with an aspirator for control of turbine exhaust gases. These aspirators are

fed hot gases by turbopwnps via turbine exhaust ducts which emanate from each 
of the eight turbopwnps associated with the engines. Each turbopump provides 
both LOX and RP-1 to only one H-J. engine. The hot gases originate lD ilie Gas 
Generator of each engine where LOX and RP-1 are burned to create an energizing 
force to drive the turbine. These hot gases pass through the turbine, providing 
impulse, and then are exhausted from the stage via the aspirators. 

On the first two S-IB stages the turbine exhaust ducts for the inboard 
engines are located inside fairings, which resemble small stub fins, and are 
located on th�· aft skirt of the present S-IB stage. A modification will be in­
corporated on S-1B-3 and subsequent stagefj to provide an aerodynamically 
"cleaner" design and t.o utilize the thrust which will be generated by expellla& 
hot gases through du.eta in a direcUon opposite to that of flight. Tbe modWca­
tion will iocll.lde equipping the lour inboard engines with turbine exhaust mc&a

mounted on &he external &11rface of the H-1 engine thrust chamber and exteadiJll 
into the area surrounded by the four inboard engines. The turbine exblluat paea 
will now lbrollgb these ducts under the impetus of a low pressure crealed by the 
normal exhaust now from the inboard H-1 engines. The overall effect ol the 
modification wUl be an increase in propulsive thrust for the otage and ••cleaner-• 
aerodyh!lmic dcldgn by elimlDaUon ,,r protuberances into the airstream IMll'l'Ol&Dd­
ing th-, vetucle wring Olgbt. 

The H-1 engine turboP!,lmp assembly supplies both LOX and RP-1 !uel t.o 
the engine thl'Ul chamber. The turbopump assembly provides � line J)l'eN&are 
and llllid flow rates necessary for assurance of engine operaUon at rated thrust. 
The turbopwnp assembly also supplies the gas generator with propellant-. The 
turbopwnp auembly consists of a turbine, a gearbox, a LOX pump, a fuel punp, 
and a luhe system. 

A normally-closed main fuel valve iS installed in the bigb-pre88ure fuel 
line of each eaauae belWeen the fuel pump and the engine thrust chamber. lbe 
main fuel valve •• u, unbalam:ed butterfly gate and is spring loaded in tbe 

closed poslUoa. Tbe valve is opened initially by turbopump fuel discharge pres­
sure acting tJaroucb I.be lpller fuel valve and the ignition monitor valve. Three 
dmin lines, OM! from lbe main fuel v�ve body and two from the valve actuator, 
transfer leaka&e (uel ID a manifold from which it drains overboard. 

i., normally-opa fuel prevalve is located in the fuel line of each engine 
adjacent io tbr (uel tuk outlet fitting. Each fuel prevalve provides emerpi,cy 
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cu&off ol fllOl ID ll• aa1K>Ciated engine in the event the main fuel valve faila to 
close upoo •ipal IO do BO. The fuel prevalve is designed in accordance wltb 
the "fall-safe" coocepl applicable to manned space vehicles. That i•• the valve 
is normally open and requires electric power- to c,.ose. A �er failllre ill flipt 
would not affect the open position of the prevalves and hence would not dlarupt 
the now of fuel 1o &be eugtnes since it is imperative that engine operaUoa after 
liftoff be maintained for as long as possible even in the case of criUcal or 
catastrophic failure. 

A normally-closed main LOX valve is installed in the high-pre&sure LOX 
line of each engine between the LOX pump and LOX dome. '11ie main LOX valve 
is opened initially by t.urbopump fuel discharge pressure acting tbroup a COD• 
trol line to the valve actuator. The actuator cylinder on the main LOX valve ia 
equipped with a beater blanket to prevent seals from freezing due to extremely 
low temperature. Two LOX-leakage drain lines, one from the main LOX valve 
body and one from the valve actuator, vent LOX overboard. A fuel overboard 
drain line is provided from the closing port of the main LOX valve actuatGr 
cylinder. 

A normally-open WX prevalve is located in the LOX line of each englDe 
adjacent to the WX tank outlet fitting. Each WX prevalve provides emergency 
cutoff of LOX to its associated engine in the event of a failure of tbe main LOX 
valve to c lose upon receipt of a closure signal. 'lbe LOX prevalvea are "fail­
safe" in that loss of elec tric power will not affect their open poaiUon and cOD­
sequently will not interfere with the now of LOX to the engines. Tbe LOX 
prevalves function as counterparts of the fuel prevalves in main&alDIDI eapm 
operaUon for a successf u.t mission even if a malfuncUon should occur wblcb 
results in a k#mporary or permanent loss of electric power. The I.DX prevalvea 
will act in conjunction with the fuel prevalves to maintain engine operaliOD in &bl 
event of a critical or catastrophic failure after liftoff. 

9. 5. 3. 3. 3 LOX SYSTEM. The LOX system will consist of one centnl 105-locb
diameter I.DX c ontainer surrounded by four outer 70-inch diameter LOX cOD­
talnera, together with v arious valves, piping, and control devices. All ID.X
tanks an, Interconnected by an interchange system. Each 70-incb diameter tank
provides LOX to one inboard and one outboard engine through suction u ....

Should an engine fail, the interchange system will permit the fuocUoDilll •ncia• 
to uae &be LOX which would have been consumed by the engine which failed. 
Suction lines to each engine will contain shutoff valves for emergency enpne 
cutoff. Cutoff of inboard engines will be initiated by outpllta from fflllne cutoff 
aeneora while Shrust OK pressure switches will cutoff the outboard e._i.... A 
sjgnal from the onboard computer will be used as a backup system for cutoff of 
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the outboard engi:les. A f11el-rich cutoff of engines will be accomj)lisbed since a 
LOX-rich cutoff cowd result in engine damage or failure. 

The LOX tanks will be filled by p,imping LOX at a rate of approximately 

3100 gallons per minute into the interconnect system at the aft end of LOX 1ank 
( L-3) where it nows through interconnecting lines into the other four LOX tanks. 
After initial filling, LOX will be replenished through the replenishing lines to 
maintain a predetermined LOX load. The LOX containers can be drained through 
the opened LOX replenieblng valve into the ground LOX system. 'lbe four LOX 
vent valves and LOX relief valve are closed during pre-flight pressurization. 

A LOX ccxatainer J)N88urizaUon system will be provided to maintain 
sufficient total bead pna81ll'e for satisfactory LOX pump performance. The 
system will consist of soJeooid valves, meting, heat eJCCbangers, orifices, and 
tubing. The LOX container• will be interconnected at the top of each container. 
Provisions will be made lo preuurize the LOX tanks to a val11e of approxlma&ely 
50 psig before lllllDCh wUb paeoua helium supplied by a ground source at the 
launch facility. Dillin& flight the s-m stage LOX tank pressurization will be 
provided by gueou o,.,..._ This pressure will be obtained by passinc LOX 
through the heat excb•nc-,r CNl eacb engine. Inflight pressure relief ls provided 
by either the emerpncy LOX vent switch which controls a LOX relief valve or 
by the mechanical relief capability of the LOX relief valve. 

9. 5. 3. 3. 4 FUEL SYSTEM, The f11el system will consist of four 70-1Dcb
diameter RP-1 contalnera and various piping systems, valves, and conbol de­
vices. The four f11el containers will be filled from a single fill nozzle oa lbe
launch pad from a preuuri&ed ground source at a fill rate of apprcmmatev 1000
gallons per min11te. All of 1he fuel tanks will be interconnected at the top and at
the bot1om by piping manifolda to mainiain a uniform fuel level and preaaare In
all containers. Should an eaglne fail, the manifold will permit 1he funrUontnc
engines to use the fuel which would have been consumed by tbe engme wlacb
failed. Each of the containers will have a fuel prevalve in the 011tlet line for
emergency cutoff of fuel to the engines. CLltoff sensors located in the iwo f-1
containers desipa1ed F-2 and F-4 will provide a signal to the IU wbicb wW
generate a signal to the switch selector to initiate cutoff of the Inboard enctne■•
Two fuel depletion sensors are located in the sumps of the same two fuel tank•
and detect the fuel level Just prior to depletion. These sensors are activated by
the switch selector after inboard engine cutoff (IECO,. Since 011tboard engille
cutoff ( OECO) la programmed approximately three seconds after IECO. a period
exists during which the 011tboard engines may be cut off by either sensor should
the fuel be depleted.
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A fuel container pressurization system will be provided to maintain 
sufficient total head pressure for satisfactory fuel pump performance. Tbe 
system will consist of high pressure spheres, solenoid valves, a preAlll'tl 
switch, ducting lines, orifices and tubing. Pressurization will be provided by 
helium stored at a pressur� of 3000 psi in two 20-cubic-foot spberea moaled 
on the forward skirt of fuel tanks F-3 and F-4. During flight, two fuel�IUMr 
pressurization control valves remain open and helium flows from the apllena 
to the fuel tanks. Tank pressure varies from 17 psig at liftoff to not lea dlla 
11. 5 psig during flight. Fuel tank overpressi&rlzation will not occur a1Dce a
sonic nozzle in the pressurizing line limits the helium flow rate to the &aka.

9. 5. 3. a. 5 FUEL AND LOX BUBBLING SYSTEM. A bubbling system wW be
provided for each of the LOX and fuel tanks. These bubbling system• will mlal­
mize thermal gradienbf inside their respective propellant tanks by evaporative
cooling. Evaporative cooling will be accomplished by injecting helium bubble•
at a point adjacent to the LOX p11mp inlets of each engine. 'lbese bubbles rile
tb:-ough the suction lines to the bottom of the tanks. As the bubbles rtse to tbe
top of the tanks, evaporation wW take place between the LOX and bellum bilbble
interface which results ln subcooled LOX, thus minimizing temperature differen­
tials within the individual tanks.

Each bubbling system wW consist of couplings, ring-manifolds, and 
branch lines which coolaiD orifices. Gaseous beli11m for the LOX bubblillg sys­
tem will be provided through the ground supply system at a nominal value of 300 
pslg and 560 sent into the manifold ring. After bubbling up and tbroua,b tbe 
L ')X inside tbu tanks, the gaseous helium will be vented into the atmoepbere 
through the open LOX vent valves and LOX relief valve. Gaseous nUrop11 for 
the fuel bubbling system will be provided by a system similar to the IDX 
bubbling system at a nominal value of 120 psig and 5 SCFM. Fuel bulJblmc .W 
be initiated prior to LOX tanking and will continue unW the bP.gtnnt111 l)f ilal 
tank pressurization. After bubbli;ig up through the fuel in the tank•, tbe 1aw 
heliwn wW be vented into the- atmosphere through the open fuel venl valna. 

9. 5. a. 3. 6 CONTR<JL PRESSURE SYSTEM. A Control Pressure System w:UI
be provided to supp:ty gaseous nitrogen for a ctuaUng various valves bl the f-1
and LOX systems, for purging calorimeters for pressurizing the engine turbo­
pump gearbox, and for purging the LOX turbopump seal. The system will coa­
slst of two high-pressure spheres, a pressure switch, a regulator, and relatied 
couplinp and valves. Gaseous nitrogen will be supplied from the controi pna­
sure manifold a& a nominal value of 750 psig for actuation of the fuel and LOX
system valves. The Control Pressure System will provide gaseous ni&ropn
for the above purposes as required during the period of launch operattou and



dllring space vehicle flight. In the event of an aborted launch. continllOUS purging 
of the turbopumps will be effected llntil the J)llmps retllrn t.o ambient tempera­
ture. 

9. 5. 3. 4 FUGHT CONTROL SYSTEM

9. 5. 3. 4. 1 PURPOSE. The S-IB Stage Flight Control System will be capable of
maintaining the Saturn IB Space Vehicle at attitlldes that will allow the Qight
path of the vehicle t.o coincide with a predetermined reference trajectory.
Guidance and stability augmentation commands will be transmitted througb
electrical dllcts emanating from the electronic eqllipment located in the IU.
The s-m Stage Flight Control System will consist of eight electro-hydraulic
actllators. a switch selector. and associated wiring and distriblltion boxes.

9. 5. 3. 4. 2 HYDRAUUC SYSTEM. Each of the f011r outboar.ci engines wW bo
eqllipped with a hydralllic system which will provide powur for engine gimballJI&.
Each hydraulic system will be an independent. closed-loop system deslgned to
eliminate the need for an external hydrawic pressllrizing source. Each hydraulic
system will consist of two hydraulic actuators. a main P'lmP. an awdllary pwnp
and electric drive motor. and an accumulator-reservoir and manifold assembly.
The actllators will be mounted at 90-degrees to each other and will be eo ar­
ranged that they move the oulboard e-.pnes with respect to the S-IB stage struc­
ture. The combined movement of each pair of actuators will gimbal the
associated engine in a :1:8-degree square pattem from its null posiUon. In the
null position. each outboard engine exhaust nozzle is canted 6-degrees outward
from the stage centerline. Jn fligb&, the hydraw.ic system will be pressurized
by the main hydraulic pump. During ground operation of the system it will bo
pressllrized by the awdllary hydraulic pump which will be driven by an electric
motor. Engine girnbaUng will be accomplished by supplying hydraulic preaaure
to the two actuators on each outboard engine. Hydrawic flllid at 3200 psi, con­
trolled by the electio-hydraulic servovlave on each actuat.or, will be applied to
one side of tbe actuator piston while the other side of the plat.on is exposed to a
low press11re. Under these circumstances the actllator piston will move in the
direction of the low pressure and thus extend (or retract) the actuator arm.
Movement of the actllator arm will provide gimbaliog action to the engine. Tbe
four outboard engines will move in unison to effect thrust vector changes for
vehicle control. The Flight Control ComJ)llter. located in the IU, will provide
inputs t.o control the actuators.

The main hydraulic pump. which fllrnishes pressure for each of die fov 
independent hydralllic systems. ls driven by its respective outboard eagiae 
tllrbopump. Thia pump will be operated only dllring vehicle iligbt siDce it.a 
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associated tmgine must be operaUng to provide.the necessary moUve po-.r. 
During operaUon of the main hydraulic pump, a check valve will prevent tbe 
flow of high pressure Ouid through the nonoperating awdliary pump. Similarly. 
another check valve will prevent the flow of high pressure fluid thl"Ollp Ibo u­
used main pump during ground operations in which the auxiliary pump pr.wtdN 
system pressure. 

Two relief valvos wW proief:t the hydraulic system agair.st exceuiYe 
pressure buildup. A blgb-preuure relief valve will protect the accumulator­
reservoir and the bigb-preaaure side of the hydraulic system by venUnc hip­
pressure nw.d into &be low pnuure side of the accumulator-reservoir. A 
low-pressure relief valve wW protect the reservoir and low-presaure •lcle of 
the syst.em by venting Ruid to the atmosphere. Various filters are prcwlded ill 
the system to minimize the cloghw of orifices by syst.em contamination. A 
number of monitoring and protecUve devices are installed to provide aya&em 
status informaUon on accumulator pressures, filt.er pressure drops. tbermal 
sensing devices and switches to safeguard motors and fluid temperature■• and 
reservoir fiuid levels. 

9. 5. 3. 4. 3 CONTROL COMPONENTS. Pitch and yaw movements are •--
by control accelerometers in the JU and resulUng signals are t.ranamltled r.o
the Bight control computer of tbe ru. The rate gyro package ls also located ID
the W, and senses the rate of deviation from the predesignated vehlcle tra­
jectory in three axes. Signals resulting from attitude-rate and lateral accelera­
tion deviaUons are lransmlUed to the flight control comJ)llter of the IU for
evaluation and error correcUon as required.

Selector switches located in the stage provide sequenUal Ullliag for.._ 
various stage f W1CUons. The selector ts normally operated through tbe clllllll 
guidance computer 1n the JU; however, ground systems can be connected for 
preflight purposes. Comp>nents of the selector switch are control relay•. 
register relays. diode decoder matrix, and transistor relay drivers. Tbe 
digital guidance compu&er selecis the desired stage through the use of contlol 
relays and a coded address signal. Eight-bit binary words are fed to the Hlector 
switch, stored on a register, and read out on command to the stage contzol 
circuila. 

9. 5. 3. 5 ELECTRICAL SYSTEM

9. 5. 3. s. 1 GENERAL DF.SCIUPTION. The Electrical System will genera&e Md
distribute electrical power for all s-m Stage electrical loads and control lbe
operallon anci sequeacma of various funcUons throughout checkout. countdowa.



and ftight. The electrical system wW be compatible with automatic, digital, 
computer-controlled, checkout equipment. The S-1B Stage Electrical System 
consists of an Electrical Power System and an Electrical Control System. 

9. 5. 3. 5. 2 ELECTRICAL POWER SYSTEM. The Electrical Power System will
generate and distribute electrical power for all of the S-1B stage electrical loads,
It will include all the equipment necessary for the generation, conversion, con­
trol, and distribution systems in the stage. The primary source of electrical
power will be an arrangement of two 28-volt silver-zinc batteries located in the
instrument compartment of one of t.he fuel tanks. Each battery is composed of
21 cells sealed in a. cast magneslwn case. Each cell has a nominal voltage of
1. 4 volts. The electr1>lyte is a 30 percent solution of potassium hydroxide in
water and each battery is rated at 2650 amp-min at a 10 minute discharge rate.

Three m aster measuring voltage supplies on the stage furnish precisely 
rt.,gulated voltages ID the instrumentation system. lbe masier measuring voltage 
supplies convert the 28 Vdc input to a regulated 5-Vdc reference voltage. The 
power supplies perform identical voltage functions but keep the voltage within a 
precisely regulated ±15 millivolts. 

9. 5. 3. 5. 3 ELECTRICAL DISTRlBU'nON SYSTEM. The Electrical DistribllUon
System will be provided IO dlatrihute and control the operations involved in the
pressurization, propellant Im.din&, propellant utilization, and H-1 engine sys­
tems.

The S-IB stage CCNllaiAa HYen distributors, four of which are measuring 
distributors which provide power Ill- ins&nunemation and connect measurement 
signals to telemetry cbannela. Tbe power distributor contains the relays, busaes, 
and circuitry for control and dlatrtbution of electrical power throughout the stage. 
The main distributor containa the relaya,bussea, and circuitry for control ol the 
stage subsystems. The propulelon system distributor contains the relays, 
busses, and circuitry to control the engine fllDCtions. Thirteen plug J-boxes 
are located throughout the stage. The plug J-box is basically a standard con­
nector modified to provide a jllDCUon point, a buss, or a mounting for a small 
component to save space in clstriblltora. 

9. 5. 3. 6 INSTRUMENTATION AND RANGE SAFETY SYSTEM

9. 5. 3. 6. 1 GENERAL DESC.RlPTION. The S-1B Stage Instrumentation and Range
safety System will consist of a Measuring System, a Telemetry System, an RF
System, a Range Safety and Tracking System, and an Optical System. In per­
forming its fwicUons, the Measuring System will detect quantities representative
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of stage status and performance paraD1eters d11ring checkout and flight, will con­
vert them into de voltage signals, and will s11pply these signals as inpats to the 
Telemetry System. The Telemetry System will convert the de voltage inpat 
signals into radio freqlleocy energy for transmission to the ground monitoring 
s1ation radio receivers. During the performance of vehicle prelallDCh checkout 
procedures, the Telemetry, Measuring, and Radio Frequency (RF) Systems 
will function as they are designed ID operate in flight except that the output of 
the Telemetry System will be sent to the Automatic Checkout Equipment on the 
Launch Complex via hardwire tntercoruiecUons instead of by means of the RF 
System radio link. The Range Safety System Will be used to destroy the stage 
in flight in the event of an emergency wherein the vehicle experiences a faJlure 
which would make it a hazard to life or property. A single tracking system will 
be employed on the s-m stage. The Optical System will consist of film cawena 
to be used in studying the S-IB/S-IVB separation during B& D flights only. 

The Instrumen1ation System for each of the first four s-m flight stage■

will be designed to obtain comprehensive information pertinent to the Research

and Development aspects of the Satum 1B vehicle and will be utilized to further 
the objectives of the overall Apollo Program. The Instrumentation System of 
each of these early vehicles will, of necessity, be complex in order to fulfill 
its purposes of maximal data sampling. On later S-IB flight stages the 8'D 
instrumentation will be reduced to a mimmwn. The weight reduction from 
R&D to operational inst·.:-umentat1oo �ill amol&llt to about 2600 pounds. 

9. 5. 3. 6. 2 TELEMETRY AND MEASURING SYSTEM. The Measur1ng System
will consist of the electronic, elec,rical, and mechanical devices necessary for
sensing the S-1B stage status and performance data, converting this data info
ar.,alogous de voltage signal.a, and applying these signals to the Telemetry Sys­
tem equipment. The devices comprialng the Measuring System will be tn.ns­
ducers, signal condiUoners, and measuring distributors. Typical of the
parameters which will be sensed by the Measuring System are temperatures,
pressures, vibrations, strain, acouaUcs, accelerations, electrical power
supply frequencies, .-oltages and currents, and switch and valve posiUons.

Since many of Uae source signals are unsuitable for 11se by the Telemetry 
System, signal condlUoners will be used to transform the 0111puts of the trans­
ducers into signals compatible with the input signal requirements of the Telem­
etry System. The measuring distributors Will distribute the signals from the 
transducers and froru tile signal conditioners to various units of the Telemetry 
System. The measuring dlstrlblltors will also distribute reference voltage 
signals from the master Dlda&uriog voltage supply to the transducers. Abou& 
500 measurements will be made on the S-IB stage during IUiD flight.a. 'Ibl• 
number will be reduced to about 250 measurements for operaUonal fliahts. 
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The S-1B Stage Telemetry System will provide for the tran smission of 
both continuous and sampled data in a form compatible with the NASA/KSC­
provided growid telemetry and data ban<Blng equipment at the Eastern Test 
Range. The developmen1al system will consist of three types of telemetry 
links, two separate telemetry antenna systems, a tape recorder, and a telemetry 
calibrator. 

The basic types of telemetry links will be: two PAM/FM/FM, one 
SS/FM, and one PCM/FM. Each of theae systems has characteristics suitable 
for the transmission of specific categorJea of data. Use of these three systems 
in combination will provide an efficient, reliable, and fiexible telemetry system 
with sufficient channel capacity. For operational missions only the PCM/FM 
link and one PAM/FM/FM link will be used. 

The PAM/FM/FM eq11ipmcnt bas a capacity of 300 time-multiplexed and 
14 continuOU8 data channels. 1be SS/FII equipment has a capacity of 15 con­
tinllous channels which will be used for die transmission of wideband data such 
as vibration measurements. The PCM/FM telemetry equipment will be used to 
transmit in-flight data and alRO data gathered during ground checkout procedw-es. 

The PCM/FM equipment consists of two separate units. the PCM/DDAS 
assembly and the PCM/RF assembiy. These units will provide digital-coded 
pulse train outputs to the ground DDAS eqllipment. The Digital Data Acquisition 
System (DDAS) will serve as an intermediate link between the S-IB Stage Telem­
etry System and the ground computer used for a11tomatic checkout and monitoring 
of the entire Saturn IB Space Vehicle at the Launch Facili�. The DDAS will 
permit utiUzatlon of the stage telemetry equipment as a means of providing 
fei?dback information reg:!:."<f.�ig stage equipment performance during prelaunch 
monitoring and checkout by the ground computer. Outputs from the stage 
telemetry equipment, given in response to ground computer checkout interroga­
tion, will be returned to the ground computer for monitoring. These outputs 
will be transmitted by a hardwire ( coaxial cable) interconnection routed through 
an umbilical from the s-m stage telemetry equipment to the ground computer 
via the DDAS. A parallel RF channel may be 118ed also for relay of the same 
informaUon. Use ol such an RF carrie� link with the DDAS will permit real 
time vehicle monitoring after lift.off. Thus, an RF link, if used, will_ provide 
a degree of redwidancy in the in-flight telemetry transmission as well as a 
means of calibrating the instrumentaUon system in flight. 

The 8-IB Stage Radio Frequency (RF) System comprises the RF trans­
mission aspects of the Range Safe9 and Tracking System, Destruct System, 
Telemetry System and any special RF systems. The RF System will include the 
antennas for each of these systems. Antennas will be designed to provid3 
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omnidirectional coverage over their specific frequency bands. This coverage 
will assure effective radio linkage with the S-IB stage during its entire flight 
as part of the Saturn IB space vehicle. Anlenlu designs for the Range Safety 
and Tracking System will meet the reqwrements established by the Air Force 
Missile Test Center regulations which go-:c�rn range safety requirements for the 
Eastern Test Range. 

9. 5. 3. 6. 3 RANGE SAFETY AND TRACKING SYSTEM. The stage Range Safety 
System will be part of the overall Saturn 1B Space Vehicle Range Safety System
and will be interconnected with the S-lVB stage system to form an integral net­
work which will affect both stages simuJtaneollSly. This system will incorporate
units of both the RF and Destruct Systems and will consist of two separate radio
receivers, each of which has an independent battery power supply and antenna.
The system will also incorporate electrical devices for initiating H-1 engine
cutoff and for triggering the destruct system.

The Range Safely System will provide the means of terminating powered 
operation of the S-IB Stage H-1 engines, dumping the remaining fuel aud oxidizer 
into space, and destroying the stage in flight. It will be activated by coded 
radio pulses from UHF radio transmitters and the growid range safety stations. 
The Range Safety Officer will initiate such action to terminate the flight and 
destroy the space vehicle in the event a malfunction occurs that causes the ve­
hicle to head off course or become erratic in its performance to the extent that 
the vehicle will create a safety hazard. 

Upon receipt of a command signal from the growid Range Safety System 
the following sequence will take place. The S-1B Stage Range Safety System 
will introduce a time delay in the signals which 1t will send the H-1 engine 
cutoff mechanism and to the destruct system. Within this time delay the stage 
Range Safety System will issue a signal of impending catastrophic failure to the 
EDS which will, in turn, introduce an automatic abort signal to the CM of the 
Apollo spacecraft. The abort signal will ignite the Launch Escape System 
escape rockets and pull the command module free of the remainder of the space­
craft and launch vehicle. The EDS and the Apollo Command Module abort pro­
cedures are described in greater detail in Section 9. 5. 2, Emergency DetecUon 
System. 

After abort of the CM has been initiated, the S-IB Stage Range Safety 
System will issue the delay signals to the engines and to the destruct system. 
The resulting actions will termtaate the vehicle Oight and rupture the fuel and 
oxidizer tanks on both the S-IB and the S-JVB stages with linear explosive 
charges. The combined acUon of the loae of engine thrust, tank rupture, and 

9-49 



propellant spillage will cauae the S-lB a S-JVB •taae• to break apart and fall 
back into the atmosphere where &bey will be dclluoyod by the heat of friction 
during reentry. Or, they will fall lnlD Ille oou.o aloa& &be Eastern Test Range 
if they have not traOBcended the e&l1b'• a&IIIOfiPMre at the time the Range Safe� 
System is utilized. 

An Offset Doppler (ODOPI Syatem will be lu&alled in the forward com­
partment of a propellant tank on &Im S-IB a&age to perform tracking functions. 
Two antennas are provided for the ODOP Syatem and are mounted on a command 
antenna panel located Just below the spider beam assembly. One antenna will 
be for the receiver and the other for the transmitter. 

9. !l. 3. 6. 4 OPTICAL SYSTEM. Two recoverable 16 mm motion picture
cameras will be used on the first three fiights to provide a permanent visual
record with color film of the S-IB/S-IVB separation sequence. The cameras
also record operation of the S-IVB stage wlage rockets and J-2 engine igniUon.
Each camera is contained in a capsule (Fig. 9-15) and photographs through an
optical�y clear quartz window. The camera capsules consist c1 a waterproof
aluminum shell incorporating a stainless steel nose section, a quartz window,
a camera, reentry equipment, and recovery aids.

The cameras are started approximately 5 seconds before stage separa­
tion, and stopped 25 seconds after aeparadoft. Each camera film magazine bas 
a capacity of 100 feet of film and a bwlt-to precision regulator to maintain 
camera speed at 128 frames per aecoad. Tha cameras are operated simultane­
ously by 28 Vdc from the S-lB atap electrical ayatem. 

Both camera capsules are ejected aimul&aneously at an altitude of 
approximately 400, 000 feet. AD 8-HCOad Ume delay after stage separaUon is 
used to prevent ejection of the capat&lee dulq the time that the capsules could 
collide with the S-IVB stage. Each camera caplllle is held in a separate ejec­
tion tube attached to a radial member of Ille i.plder beam in line with fins 2 and 
6., at a.n approximate radius of 68 incbo• {\ivm the stage centerline. The ejection 
tw..'P.s protrude approximately 8 lncbea &brougb the apidf,r beam seal plate at an 
angle of 17 degrees from the stage ceo&erltne. 'Ibis angularity provides collision­
free ejection patha for the capsules. 

The camera capsules are ejected from the forward end of the S-IB stage 
through the S-IB/S-IVB interstage area. Ejection ls electrically initiated by 
energizing two solenoid valves which auwly paeous nitrogen under 3000 psig 
pressure to a piston on each ejection tlabe. A 3000 psig sphere, mounted on the 
spider beam, provides the gaseous nttr01en to operate the ejection system. 
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Eigbt stainless steel flaps provide dynamic braking for deceleration 
during and after reunlJ'y. The capsules enter the atmosphere at approxim::1tely 
Mach 1 o or 7900 mph. 

Al about H, 000 foel, an 18 inch para-balloon in the recovery package is 
inflated with ps. The capsule is then stabilized and decelerated by para-balloon 
drag Lo approximately 90 feet per second before impact. 

The camera recovery aids in each camera capsule consist of a dye 
marker, special balloon color treatment to improve visibility, a high-intensity 
flashing light, and a radio-beacon transmitter. Shark repellant is also dis­
solved in lhe water to ward off marine life that might damage either the capsw.e 
or the para-balloon which keeps the capsule afloat. 

9. 5. 3. 7 ORDNANCE SYSTEM

9. 5, 3. 7. 1 GENERAL DESCRIPTION. The S-IB Stage Ordnance System will
con-;isl of a Flight Separation System and a Destruct System. The Flight. Sepa­
ration System will provide in-flight separation of the combined S-1B stage and
S-IVB interstage from the remainder of the Saturn 1B space vehicle at. the
conclusion of first stage powered operation. The destruct system will provide
fiight termination for the Saturn IB space vehicle and dispersion of its propellants
should a catastrophic failure occur.

9. 5. 3. 7. 2 FLIGHT SEPARATION SYSTEM. The S-1 B Flight Separauon Sys­
tem will accomplish stage separation, as illustrated in Figure 9-16, First Stage
Separation. This will be a normal flight fwiction and will consist o( discard of
the S-1B stage and S-IVB interstage n.s a unit from the Saturn 1B space vehicle.

The four retrorocket motors on the S-IVB interstage will apply a retard­
ing force IO the combined 8-1B stage and S-IVB/IB interstage which will reduce 
the forward velocity and thus facilitate stag� separation. The three ullage rocket 
motors on the S-IVB stage apply an accelerating force in the direction of flight 
to the Second Fiighl Configu·raUon with an acceleration on the order of o. 0ig 
magnitude. ll will sen·e the primary purpose of settling the LOX and liq.uid 
i:aydrogen propellants in the S-IVB stage tanks and a secondary purpose oi as­
sisting in the stage seplration process. The additional acceleraUon provided 
by the ullage rockets 'A'ill effectively force the liquid propellants to the rear of 
their tanks to assure the presence of liquid propellant at the inlet of both fuel 
( LHz) and LOX turbopumps. Adequate pressure if: supplied by the stage 
propellant tarot pressurizing system and is required to provide pror,�r starling 
of the S-IVB stage J-2 engine. 
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Separation will be accomplished by a skin-cutting technique using a mild 
detonating fuse and a tension plate separation joint. The separation joint will be 
located between the S-IVB interstage and the S-IVB stage. Both the skin-cutting 
explosives and the retro-motor system will be initiated by an exploding bridge 
wire system. Two EBW detonators will be used to initiate the separation system. 
Mild detonating fuse and two EBW initiators will be used for iniUating each retro 
and ullage motor. 

9. 5. 3. 7. 3 DES'l'RUC T SYSTEM. The Destruct System will be used to
destroy the Satun 1B space vehicle during flight in the event a malfunction
should occur which would cause the vehicle to veer off course and thereby be­
come a potential hazard to life or proper .. y. The Range Safety Officer will have
the responsibility of determining whether vehicle performance will create s11ch
a safety hazard and will issue the signal to initiate the Destruct System. Com­
mand destruct signals will oo transmitted by UHF radio as part of the Range
Safety System. The Destruct b)'stems of the S-IB stage and the S-IVB stage

are explosively interconnected so that initiation of the system in one stage will
aut.omatically initiate the system in the other stage as well. Thus, flight teriDi­
nation and propellant dispersion will occur in both stages simultaneously and
will reslllt in destruction of the entire launch vehicle.

After first stage separation. the s-m stage (containing empty propellant 
tanks) will be discarded in flight. The processes of flight teTmination and 

propellant dispersion will be applicable to only the S-IVB stage after tbls point. 
The s-m Stage Destruct System will provide flight termination by in1Uat1on of 
H-1 engine cutoff and propellant dispersion by rupturing both fuel and oxidizer
tanks. ,Jtupture of the propellant tanks will allow their contents to spill out. into
space as the vehicle coasts m the direction of flight with its propulaion termina­
ted. The LOX and RP-1 tanks will be ruptured on opposit� sides of the S-IB
stage to minimize the explosion by reducing the amount of propellant mixing.

The desti·uct system eq11ipment in the S-lB stage will be initiated by command
destruct signals received via two independent UHF command radio receivers.
These radio receivers wW have separate power supplies :md antennas in order
to provide redlmdancy and the high degree of reliability rsquired for a safety
system. Command destruct signals received by these radios wW be used to
actuate electrical eqllipment which will cut off th,, H-1 engines and then after a
predetermined time detonate linear i:Jbaped charges which will, in turn, rupture
the LOX a.od RP-1 propellant containers if required. Other equipment uUUzed
in the destnaca. system will include two range safety controllers. two explosive
bridge vdre t£BW), flrtns Wlits and detonators, a safe-arm device, and
ordoaDce qu.ick-diacoanect fittings.



9. 5. 3. 8 ENVIRONMENTAL CONTROL SYSTEM. All ·1nterstage areas wW be 
purged with condiUoned nitrogen gas during a period from 30 minutes prlc;r to 
loading Lift into the S-IVB stage unUl the time of liftoff. The nitrogen gas will 
be provided by the Launch Facility and will minimize the danger of fire and 
explosion by excluding air from the purged areas. 'lbe nitrogen purge will re­
duce the oxygen level ln the purged areas to 4 percent ( or less) by volwne 
and will maintain this status until liftoff. �nvironmental control will not be 
provided in the interstage areas during ftigbt. The vacuum environment of space 
will permit any gases leaking into ( or trapped within.) the interstage areas to 
greatly expand and thus disappear from the confines of the space vehicle. 

The S-IB stage instrument compartment located in the forward tank area 
will be cooled and ventilated during preflight operations to reduce the air tem­
perature increase ca11sed by electrical eqw.pment operauon. Cool air will be 
routed from a ground cooling supply system through an 11mbillcal tower duct and 
admitted into the iDBtrwnent compartment tbr011gb an inlet coupling. A fixed 
orifice will te uaed to vent the instrument compartment duri.Dg ftight. 

9. 5. 4 S-IVB STAGE 

9.5.4.1 GENERAL. Tbe S-IVB stage, Figure 9-17, is cylindrical ln shape, 
nominally 59. 1 feet 10111 and 260 inches in diameter. 'lbe dry stage (l. e. , with-
011t propellants) haa a nomiDal weight as shown in Table 9-11 and is powered by 
a single J-2 engine, providilll a thr11&t as shown in Table 9-L 

The total propellant capacity is also shown in Table 9-ll and coasiata of 
Uqllid oxy;Jen and Uqwd hydrogen. The stage contains its own propwalon, 
electrical� filght control, environmental cootrol, lnstrumen1aUon, o�-dnance, 
and emergency detecUon systems. 

9. 5. 4. 2 STRUCTURAL SYSTEM 

9. 5. 4. 2. 1 GENERAL DESCRIPTION. The S-IVB stap !& .a self-Sllpporting 
aluminum alloy structure incorporating the following major structural comp:,­
nents: fotward skirt, propellant con1ainers, thrust strucuare, aft skirt, aft 
interstage, and aft interstage fairing. 'lbe stage ls structurally capable of sup­
porting a load forward of approximately 42,500 pounds and ls designed to allow 
launch preparaUon with or wltbo11t payloads and with propellant containers fwl 
or empty, either presSllrized or unpre&Sllrlzed. The str11eture will be able to 
withstand all loads lmp:,sed during the boost phase when the containers are fw.ly 
loaded and p�ssurized. The empty stage can be ground-handled with the propel­
lant containere. unpressurized. Propellant loading can be accomplished oaly 
when the stage is in the upright position. 
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9. 5. 4. 2. 2 FORWARD SKIRT. The forward skirt is cylindrical, nominally 122
inches long and 260 inches in diameter. The forward skirt is of typical skin­
and-external-stringer construction fabricated from 7075-TG aluminum and in­
corporates provisions for mounting to the IU. Instrumentation and various types
of equipment are mo11nted on cold plates inside the forward end of the skirt.
Environmental conditioning for this electronic equipment is furnished by the JU
Environmental Control System through an appropriate piping system containing
liquid coolant. The forward skirt contains the forward electrical umbilical,
LIii non- propulsive vent, primary batteries, telemetry and range safety antennas,
and

t in addition, mountings· for a removable service platform. The non-flight plat­
forip fwiction is to facilitate mounting and servicing equipment j_.n the forward

skirt and in the ru. This service platform will be removed before launch prepa­
rations are begun. Access to equipment in the forward skirt will be made through
a door in the IU. The liqLlid hydrogen vent, telemetry antennas, and forward
electrical umbilical are moW1ted on the forward skirt.

9. 5. 4. 2. 3 PROPELLANT CONTAINER ASSEMBLY. The propellant container
assembly is constructed of 2014-T6 aluminum alloy and consists of two propel­
lant containers which form an integral part of the stage structure and are sepa­

rated by an insulated common bulkhead. The container assembly is nominally
528 inches long and 260 inches in diameter and consists of a cylinder having two
hemispherical end bulkheads and a spherical-radius comm->n bulkhead. The
concave side of the c<.>rnmon bulkhead faces aft and, together with the aft bulk­
head, comprises the liquid oxygen container. The forward container is for
storage of liquid hydrogen. The entire inner surface of this container, except
for the common bulkhead, is insulated with three-dimensional polyurethane foam
used to aid in maintaining the proper sub-zero temperatures to minimize LI\
boil-off. The common bulkhead is of a sandwich construction, formed by bonding
aluminum faces over a 1-3/ 4 inch thick temperature resistant fiber glass honey­
comb core. The inner surface of the 3/4-inch thick cylindrical portion is milled
!n a 9-inch square wame pattern to a thickness of o. 134 inch to reduce weight
while maintaining strength and rigidity. A manhole in the forward bulkhead
provides access to the liquid hydrogen container, and a removable liqLlid oxygen
sump in the aft bulkhead provides access to the liqLlid oxygen container. The
LOX tank contains a slosh baffle made up of four rings located in the uPper por­
tion of die tank.

9. 5. 4. 2. 4 AFT SKJR T. The aft skirt is a cylinrer which has nominal dimen­
sions of 260 inches in diameter and 85. 5 inches in length. It is constructed of
7075-T6 alumi.n\un with a skin-and-external-stringer design. The aft umbilical
plate, the th,:-e� l.llage motors, and hydrogen feed line fairing and two auxiliary
propulsi,;,n system modules are mounted on the aft skirt. The aft skirt structure
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is unpressurized and is attached to the S-IVB stage near the juncture of the aft 
bulkhead and cylinder of the propellant container assembly. The aft end of the 
aft skirt is mated with the S-IB/S-IVB interstage to form the in-flight. separaUon 

plane. 

9. 5. 4. 2. 5 THRUST STRUCTURE. The thrust structur:. supports the J-2 engine.
transfers engine thrust to the S-IVB stage primary structure, and incorporates
support points for the engine gimbaling actuators. The thrust structure ls an
inverted, truncated cone made of 7075-T6 aluminum using skin-and-stringer
type construction. The structure bas a base diameter of approximately 168
inches, a top diameter of 34 inches. and a height of 62 inches. The forward end
of the thrust structure is attached to the hemispherical aft bulkhead of the LOX
tank on a tangential intercept as illustrated ln Figure 9-17. The aft end of the
thrust structure is attached to the engine support fitting. Two doors provide
access to the thrust atru.ctu.re thl'Ollgh a trapezoidal opening.

9. 5. 4. 2. 6 AFT INTERSTAGE. The aft interstage (S-IB/S-IVB interstage) is
a wiit located between the aft skirt field splice plane of the S-IVB stage and the
interface of the S-IB stage and serves to trant1mlt �tru.ctural loads between these
stages. The interstage is of skin-and-external-stringer construction, fabricated
from 7075-T6 aluminum, cylindrical in shape, nominally 224. 5 inches long. and
260 inches in diameter. The interstage specification weight is shown in Table
9-ll. There are provisions for elgbt equally-spaced mounting points on a 220
inch diameter circle at the interface of the S-IB and the S-IVB stages. Four
retrorockets are mounted on the after interstage in locations aft of the separation

plane at 90-degree intervals around the periphery. The retrorockets and support
brackets arc enclosed in aerodynamic fairings. A door, located in the forward
portion of th�) interstage, will provide personnel access for maintenance or re­
pair purposes. A removable service platform inside the aft interstage will facili­
tate access to the internal components. It wlll be removed from the aft inter­
stage after JaWlCb preparaUons and prior to launch.

9. 5. -.l-, 2. 7 AFT INTERSTAGE FAIRING. The aft interstage fairing ie a cylin­
drical ncction nominally 260 inches inside diame�r and 27 inches long. It is
attached to the rear of the aft interstage an<! provides a protecUve sheath over
the S-IB spider beam and the up.,ermost porUon of the S-IB stage propellant
containers when the S-IB and S-IVB stages are assembled into the Saturn IB
launch vehicle.

9. 5. 4. 3 PROPULSION SYSTEM

9. 5. 4. 3. 1 GENERAL DESCRIPTION. The S-IVB sta&-! propulsion system con­
sists of the J-2 engine, fuel system, LOX system, propellai.t u::Hization system,
and engine chUldown system.
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9. 5. 4. 3. 2 J-2 ENGINE. The J-2 engine is a bipropellant engine utilizing LH2
as a fuel and LOX as an oxidizer. It develops a vacuum thrust as shown in
Table 9-1. The J-2 engine is illustrated in Figure 9-18. This engine will pro­
vide prime thrust for the S-IVB stage propulsion and also attitude vector control 
(pitch and yaw) through engine gimbaling during its period of operation. During 
this time the auxiliary propulsion system will provide roll cont::rol. The engine

can be gimbaled over a range of ±7 degrees in a square pattern. Restart of the 
J-2 engine will not be required for any Saturn 1B space vehicle flight. 'lbe
nominal oxygen-hydrogen mixture ratio for the J-2 main engine is shown in Table
9-1, as well as the range of variable mixture ratios attainable. The accuracy
with which the mixture ratio can be maintained is also shown in the same table,
expressed as a percentage of the ratio value. The mixture ratio will be altered
by the propellant ulilization (PU) system during J-2 engine operation as reqllired
to maintain a proper balance of propellants remaining in the tanks to effect
maximwn utilization of propellant energy for S-IVB stage propulsion.

Each propellant system has too necessary pressurization to provide Ruid 
flow and to operate valves to obtain engine ignition and operation, as required. 
Each system has a main propellant valve, prevalve, and associated valves. 
piping, and controls, as well as a sepClralo turbopump on the engine which con­
sists of a turbine, pump housing, and jmpellers. The functions of this equipment 
are similar to those of the counterparts of the H-J engine used on the S-IB �ta.ge, 
as described in section 9. 5. 3. 3. i.

9. 5. 4. 3. 3 FU EL SYSTEM. The liquid hydrogen container volwne is approxi­
mately 10,426 cubic feet, which allows a uscable fuel supply of 38,333 pounds.

This volume will provide Saturn 1B mission fuel capacity plus approximately 2
percent ullage. The tank will be pressurized from a grour.d source of cold
helium gas to a value sufficient to (ill the net positive suction head (NPSH) re­
qllirements of the engine fuel pwnp. After main engine ignition, the fuel tank
pressurizaUon will be provided by hydrogen gas instead of heliwn. This hydro­
gen gas will be obtained from a bleed system on the engine and will be supplied
to maintain a pressure of 28 ± 1. 5 psia in the tank. Adequate pressure will be
assured by increasing the ullage pressure by a nominal value of 8 psia minimum
in the late phases o( fllght to compensate for the loss of static head due ta1 fuel
consumption.

The increased ullage pressure will eliminate any pump net positive su�­
tion head problem that might be generated by a stratified fuel layer. Should the 
ullage pressure become excessive, hydrogen gas will be vented from the liquid 
hydrogen tank through lwo non-propulsive vents located 180 degrees apart on the 
forward skirt. A tee assembly with a pneumatically-operated combination con­
sisting of a vent-relief valve and a back-up relief valve will be provided on the 

9-59



FIGURE 9-18. J-2 ENGINE - SIDE 1 



liquid hydrogen tank. The valves will be set to actuate and reach the fully­
opened position when the tank ullage pressure r�bes a value of awroximately 
39 psia. Each relief valve will provide enough vent area to maintain safe pres­
sure limits within the tank even if the other relief valve fails to operate. A 
screen at the liquid h;'drogen tank outlet will provide vortex suppression and 
fuel filtering. The fuel line piping, which conducts the liquid hydrogen to the 
fuel pump and engine will be insulated with a vac1111m jacket to minimize beat 
leakage. The piping will include a flexible bellows that wW allow mechanical 
movement of the piping to correspond to structure deflections in the stage and 
engine. The flow rate of the fuel line system is about 80 pounds/ second of LH2
at nominal tank pressures and is designed to withstand surge pressures ex.:. 
perienced during tests and in Right. 

9. 5. 4. 3. 4 LOX SYSTEM. The liquid oxygen container volume is approximately
2828 cubic feet, which allown for a useable LOX supply of 191,667 pounds. Thia
volume will provide Saturn 1B mission oxidizer capacity plus approximately 2
percent ullage. The tank will be pressurized to 38. 5 ± 1. 5 psia from a ground
source of low temperature heliwn gas. This pressure will be maintained in
flight by cold helium gas stored in 3000 psi high-pressure spheres located inside
the adjacent liquid hydrogen tank. The helium gas will be reduced to a low pres­
sure by expanding it and passing it through a heat exchanger mounted on the J-2
engine. An orifice between the regulator and heat exchanger will provide a
constant pressurant flow-rate to the LOX container.

A constant container pressure will be maintained without venting under 
varying conditions of heat transfer and mass transfer inside the LOX container, 
This constant pressure will be maintained by diverting the helium gas pressurant 
to by-pass the heat exchanger, thus varying the temperature of the pressurant 
at the LOX container inlet. The oXidizer tank vent system will consist of a tee 
assembly with a pneumatically-operated combination of a vent-relief valve and 
a backup relief valve. Each relief valve will provide enough vent area to main­
tain safe pressure limits within the tank even if the other valve fails to operate. 
The relief valv�s will be set to reach the fully opened position at a nominal tank 
pressure of 44 psia. A screen located .it the tank outlet will provide vortex 
suppression and liquid oxygen filtering. No problem is anticipated in main­
taining proper inlet pressure for the LOX pump or in meeting the requirement 
for orbital-coast (zero-gravity) venting of excess ullage pressure. The fact 
that the heat leak into the LOX container ls nearly equal to the heat loso from 
the LOX container to the hydrogen container simplifies the problems of main­
taining proper pump net positive suction head and zero-gravity venting capa­
bility. The liquid oxygen line from the tank to the LOX pump and to the engine 
will be insulated to minimize heat transfer and will include a fleXible bellows 
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to provide for stru.ctlll'al dellectio.na of the JJipht&. 1be system is designed to 
withstand the su.rge pressu.rea which will bo experienced wring tests and in 
flight. 

9. 5. 4. 3. 5 PROPELLANT UTJLIZA 110N SYSTEM. The pro.,ellant u.tilizaUon
system is designed to effect maximum utlltzaUon of propellants by maintaining
the proper ratio of LOX to fuel r--matatnc lD tbe stage tanks at any time du.ring
J-2 engine operation.

The propellant utilization system wW also insu.re proper loading and 
replenishing of the LOX and the liql&ld hydrogen propellants into the stage tanks 
during pre-launch operaUons. The propellant sensors provide continu.oun read­
ou.t of the status of propellant loading in each of the two tanks. The informaUon 
is fed back to the ground loading coml)llt.er. This will enable the computer to 
control the loadJng procecllre ao that the proper useable propellant masses in 
the stage tanks will be maintained. These fwictions will be performed auto­
matically and will thus maintain an opUmum flight readiness condiUon u.ntil a 
minimwn time before liftoff. 

Final propellant topping will be accom}iiahed during the individu.al pro­
pellant container pressurization cycle. Propellant loading, replenishing, and 
topping will be accomplished in each tank through a single individual fill line for 
that tank. The capability exists to fill both the oxidizer and the fuel containers 
within a period of 55 minlltes. 

The propellant maas aenaora and PU electronics assembly will provide 

continuous signals representative of the propellant mass in each tank to the 
growid loading coml)llter during propellant loading and replenishing operaUonr; 
and to the onboard telemetry system c:klrlog S-IVB fiight. The sensors will in­
sure a propellant mass loadmc error for each tank of not more than 1. O per­
cent . 1be propellant mass quantity sipals will also be sent to the telemetry 
system for transmission to the ground monitoring stations on an optional basis. 
Propellant mass sensors will be located in each propellant container and ex­
tend the length of the container. These sensors are devices which will detect 
and indicate propellant mass. They are shaped to compensate for Oight ullage 
temperature and pressure, and tank shape. 

The primary pi:arpose of the propellant 11Uli�at100 system is the main­
tenance of a balanced depletion of propellants. Without.this system, oxidizer 
and fuel could be couwned ill auch a ratio that one would be exbauted while 
son-.e of the other wow.d remain. 
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Such a condition would be detrimental to stage performance for several 
reasons. The remaining propellant would represent a loss ,n propulsive energy, 
a weight burden, and an offset in center of gravity of the stage. Also, the J-2 
engine could be damaged by overheating if the liquid hydrogen propellant were 
depleted and the engine permitted to operate in a LOX rich condition. Engine 
damage could extend to stage damage or possibly to stage destruction. 

The prnpellant utilization system will em(ioy the propellant mass sensors 
to measure the propellant quantity in each tank, the propellant utilization valve 
mounted on the J-2 engine to vary the conswnption of these propellants" and the 
propellant utilization electronics assembly to control the system. The elec­
tronics assembly receives the tank mass signals and compares them to a pn­
programmed mass reference ratio. If the sensed propellant masses differ 
from this reference ratio, an error signal will be generated and sent to the 
propellant utilization valve. The signal will position the valve so that the engiue 
will operate at an engine mixture ratio which will conswne the excesl:l propellant 
and therefore driV13 the actual propellant mass ratio back to the reference ratio. 
Control of the ac,tual propellants continues thro,1gbout the Oight unW the stage 
cutoff is commanded by either attainment of the required velocity or propellant 
depletion. The error signal from the electronics assembly is also furnished to 
the stage telemetry system where it is transmitted for Oigbt evaluation. The 
propellant utilization system will provide simultaneous depletion of propellants 
to within o. 25 percent by mass of propellant capacity (i.e., 575 pounds). 

The J-2 engine will be cut off prior to complete·exhaustion of propellants 
to assure a fuel-rich mixture for engine cutoff to prevent damage to t.be engine. 
Damage would result if the fuel should be exhausted before the oxidizer and con­
sequently a LOX-rich combustion should occur. Destruction of the J-2 engine 
could result in damage, fire, or explosion involving the S-IVB stage ·and hence 
disintegration of the entire second Oight configuration of the Saturn 1B space 
vehicle. 

The fiow of liquid oxygen and liquid hydrogen to the engine will be stopped 
following receipt of inputs from liquid level propellant delieUon sensors. Actual 
cutoff of propellants will be made by closing the main propellant valves. 'lbe 
prevalves will be closed after the main propellant valves are closed. This 
provides a redundant means of terminaUng propellant flow. 
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9. S. 4. 3. 6 ENGINE CIULLOOWN SYSTEM. Chilldown pwnpe, one located in
each propellut coalainer, circulate LOX and L11z through the propellanl. feed
ducts aad Ille J-:l c11&1ne 11arbopw:nps. Engine chilldown will begin about 10
mlnu&e• pnor IO l■mcb and continue wiUl Just after separati011.

9. s .... 4 FLIGHT CONTROL SYSTEM 

9.5.4.4. l PUJ1ML 11le S-IVB stage night control system direcl.a aad 
......... llllt fM'fot"awe of U.e vehicle during the period Jut uler flnl. 
alap ..,....._ _. .._ apac�raft is detached and withdrawn from lite ltumch 
vebade. ,,.. _. .,_ J1lace at tbe conclusion of the tttrnaround and dockilll 
DIIIMNffff .... ta cadllCliod ln earth orbit. 'Ibe system is compoMd of folll' 
retro ......, .,_ ..._ rockets, the hydraulic system, and an awdllary 
propallloaa,••·· 

TIie ._ lllpl coa&roJ ayst.em will receive inputs from within the 
S-IVB ..... u well u f1'om the guidance computer located 1n the IU. In 
reapooae lo ._. -...... tbe aystem will exercise control over the propulsion 
system, Ille ..,anUoa NQuence, and the auxiliary propulsion system to 
accompUab la. objecUYN, 

Tbtt 8-IVB a1ap Oipt control system provides control of the vehicle 
durinl powered operation of the stage main propulsion system. The sy■1em will 
exerci• coelr'Ol aa &be pttcb and yaw planes by gimbaltng the operauns .J-2 
enpne to procbJe daaal•• 1D 'ihruat vector and hence cha.i,aea in direcUon or the 
vehicle flilbt palb. Tbe flllbt control system will provide coeuvl Ill tbe roll 
plane by enerp&tnc appropriate aW.twJe control engines ln lhe aWdllar, �­
slon ayatem. 

Tbe Olpt cGD&rol aystem will provide control of tbe veldcle durtas 1lle 
period in wbich Ille coa(tpraU011 is coasting in earth orbit. Tbe J-2 ..- l!l!'!ll 
be inoperallve c1uriJ11 tbl■ period and hence incapable m proncllJW 11111 nlalclo 
cootml (u.nctlou. flae ayatem will exercise control 1n the rcll, p(&cb aml :,aw 
p1anea mrtns Ille orbial coast period by energizing the awdliary propal■ion 
syatem aUiwde comtrol •�s. 

9. s. 4. 4,. 2 HYDRAULIC SYSTEM. 'lbe 5-IVB stage hydraulic ayatem will
provide poaiUOn control m the main propulsion engine upon command from the



IU. PosiUon conirol by means of the hydraulic system will produc• simblltDI 
action of the J-2 engine over a :1:. 7 degree range from the null poaWDll 1D a 
sqwire pattern. Engine gimballng will be utilized to vary the dinc:Uoa of 
engine thrust a nd  thereby provide resultant pitch and yaw control or Ille •e­
hicle d11ring J-2 engine operaUon. 

The 8-JVB stage hydraulic system will comprise a main bydratlllc pump, 
an awdliary hydraulic pump. an accumulator, a reservoir, piping, two electro­
hydraulic aervovalvee, two hydraulic actuators, relief valves, cbeck valv••• 

filters, and inatrumentation (position-indicating) transducers. Tbe auxiliary 
hydraulic pamp, driven by an electric motor, will be used to furnlab preaaare 
for checkout of the bydra11Hc system on the ground. U will be ued alao In flilbt 
for pre■alll'i&iDC the system prior to first stage separation to bydrlllllloally hoJd 
the engine in a ooo&ered null position to prevent gimbal-like pendubun re1pona• 
from forcea encountered d11rtng S-1B stage burn. 

The main hydraulic pump will furnish pressure for the hydraulic .y■tem 
during powered operauon of the J-2 engine and the accum14lator will aronde a 
limited-preaaure aource which will compensate for line prua11re drope. Tbe 
accumulator will thus minimize pressure Sllrges in the system wblob would otber­
wise result In erratic actuator control. The reservoir will provide an additional 
supply of hydraulic oil and a surplus system volume. These re■enn wW com­
pensate for lossas due to hydraulic oil leakage and for volumetric chuCN ciao to 

Rllid expansion or contraction under thermal variations. 

Engine posiUon control will be effected through two bydravUc IIClalOn 
each of which ls fixed to the S-IVB stage strllcture at one end ud ID tbe J-1 
engine at the other. 'lbe acCUators will be mounted 90 degree,; aput OIi Ille 
circumference of the engine. Thus, movement of one actuator will alter die 
engine thrust vector in the pitch plane, and movement of the other actualDr will 
alter the engine thrust vector in the yaw plane. 

The hydraulic system will be an independent, closed-loop •Y•••• 'Ille 
main hydraulic pump will pressurize the system to approximately 3619 p■a ID 
provide moUve force to the actuators through the electro-hydrruUo Nff....._.

A servovalve on each hydraulic actuator will apply high-preHure 1-,drMUc 11111d 
to one side of the actuator piston and low-pressure fluid to the o&ber •* of dNt 
piston,tbus extending (or retracting) the actuator arm, which -will elfeot pa­

baling action of the J-2 engine. The hydraulic system control equlpN111l ril 
provide a minimum engine position rate of 8 degrees per HCODd la Ndl ,._ 
of motion (pitch or yaw) under any calculated flight load. Tbe ..,.._.. aaal.tvl 
equipment will insure that minimwn angular acceleration wW bes CUllifb:I s I lrillt 
flight control requirements and that the average angular acceleratioll 'l'dl • 180 
degrees per second, per second. 



9. 5. 4. 4. 3 AUXILIARY PROPUL.'RON SYSTEM. The S-IVB, having only one
main engine, requtre■ the auxiliary propulsion system ( APS) to provide roll
control during powered Right. Because the stage ls required to coast during 1'8
mission, it also requires three-axis control during these coast periods. Thie
ls accomplished through two bolt-on APS modules positioned on the S-IVB aft 
skirt 180 degrees apart Just forward of the separation plane. Each module wiU
contain three ablaUve-type control engines which develop 150 pounds of thruat
at a chamber preHure of 100 psi and utilize a molybdenum hard throat. Tboae
non-gtmbaling engine■ are pulse-type engines designed to be fired in very abort
duration bursts for conservation of propellants. They can be fired for a mln.1-
mem pulse duration of 70 milliseconds. The engines burn storable bypergollc
propellants. The oxidizer ls nitrogen tetroxlde (N2 04,) and the fuel la mono­
methyl hydrazine ( MMH). For the Saturn IB mission each module requirea 
about 60 pounds of propellant. These propellants are contained in 715 cubic 
inch cylindrical tanks of the posltlve-expulslon metallic bellows type. Integrated 
into each propellant tank ls a 3,000 psi helium sphere which is used to collapae 
the bellows to provide the positive expulsion which pressure-feeds the propellants 
to the thrust chambers of the A PS engines. Since the propellants are hypergollc 
they will ignite upon admixture and will not require any separate ignition device. 

The APS will provide control of the vehicle in the roll plane during 
powered flight of the S-IVB stage. During this time, control in the pitch and 
yaw planes will be maintained by glmballng the operating J-2 engine and thereby 
utilizing thrust vector changes for correction of pitch and yaw errors. The A PS 
wlll provide complete control of the vehicle in attitude (roll, pitch, and yaw) 
upon injection into earth orbit and during the orbital coast period. The J-2 
engine will be cut off after entering earth orbit and hence will not contribute to 
attitude control thereafter. The A� will apply these controls either independ­
ently in the roll, pitch, or yaw plane• or simultaneously in any combination of 
these three planes by meana or appropriately directed thrust vectors in response 
to attitude control commanda from� IU. 

In addiUon, the APS will provide attitude control of the vehicle during 
some of t.he earth orbital checkout teata of the Apollo spacecraft. These tests, 
sometimes referred to u "Saturn V type maneuver exercises," will be conducted 
by the astronaut crew durias die aeven hour period of orbital coast. The 
purpose of the teata will be Ille evaluation of the Apollo spacecraft capabiUty to 
perform the maneuven which will be required to land astronauts on the moon 
and return them to the oardl. Tbua, the earth orbital tests of the Apollo space­
craft conducted du.rlna tbe Saturn m Program will qualify the spacecraft design 
for actual lunar landlns at a future date during the Saturn V Program. 
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The APS will be active throughout the rendezvous and docking maneuver 
of the spacecraft and throughout the subsequent procedure wherein the craft will 
disengage and withdraw from the S-JVB stage and instrument unit combination. 
Thereafter, the A PS wlll no longer be able to contribute to the Apollo spacecraft 
mission, since it will be discarded along with the last remaining elements of the

Saturn IB launch vehicle. 

9. 5. 4. 4. 4 RETRO ROCKETS. Four modified Thiokol Recruit TE-29-IB solid
fuel rockets are lnstalled 90 degrees apart on the circumference of the S-IVB
interstage. These rockets are enclosed in aerodynamic fairings and mounted
such that their 1-1/2 second duration thrust of 34, 860 pounds will decelerate tbe
combined S-IB stage and S-IVB interstage after lnflight separa!!Qn. TWt1 ex­
ploding bridge wire ( EBW) initiators will be used to fire each of the four retro­
rockets. Either of the two inlUalors is capable of independenUy firing the motora.

9. 5. 4. 4. 5 ULLAGE ROCKETS. 1'nree Tb .. �.
mounted in jettlsonable fairing 120 degrees apart on the::,-. ·. ·,,·
rocket has a nominal thrust of 3,460 pounJs and burns for about �. :.
upon activation by programmed signals from the JU via the stage sequencer.
These rockets will fire in unison just prior to S-IB and S-IVB stage separaUon
to provide o. 01g acceleration to seat the S-IVB propellants properly during J-2
engine start and thrust buildup and will also aid in effecting complete separation
between the S-1B and S-JVB stages. Upon completion of J-2 engine thrust
buildup and approximately 10 seconds after separation, the ullage rockets and

their aerodynamic fairings will be jettisoned from the S-IVB stage. The ullqe 
rockets and the ullag" fairing jettison system will be ignited by an EBW ord­
nance system.

9. 5. 4. 5 ELECTRICAL SYSTEM

9. 5, 4. 5. 1 GENERAL DESCRIPTION. The S-IVB stage electrical system will
be composed of the components and networks required to gene.r.:·ate and dlatrlbute
electrical power throughout the stage. It will also include those elements necea­
sary fo•· control of the stage systems used for powered fli5ht control, orbital 
coast c.\Jlltrol, seguencing, propellant utilization, explosive bridge wire initiation, 
stP.,::r: separation, emergency malfunction detection, and stage status and per-
f<. r r:-,ance instrumentaUon. The stage electrical system will be compatible with 
I!":£! auton-<1tic checkout equipment located at the Launch Facility at Cape Kennedy, 
F'brida. -n.e electrical system will consist of two major subdlvisiont:. th'!

electrtr.•., ;> ., � i system and thC' electrical control system. 

9. 5. 4. 5. 2 ELECTRICAL POWER SYSTEM. The S-IVB stage will have an 
independent olectrieal power system to provide power for the S-IVB stage
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du.:-ing the period of powered Oight and 7 hour earth orbital coast. The 
electrical power system wlll generate and distribute both alternating and direct 
current electrical power for all of the stage loads and will consist of equipment 
necessary for the generaUon, conversion, control, and distribution systems in 
the stage. The electrical power system will consist of batteries, a static 
inverter/convert.er, a dtatrtbuUon network, a bonding and grounding network, 
and two chilldown invert.er■• Silver-zinc batteries will supply de power for 
steady-state filgbt loads, high-power, short duration loads required during 
transient condition■, bydraullc system power unit loads and S-IVB stage pro­
pulsion loads required during engine operaUon, and emergency power for the 
emergency detection ■yatem and the destruct system, as required. The staUc 
inverter/ converter wW operate upon a +28 Vele input and provide the following 
ac and de output voltap■ for uao 1n the APS. 

115 ± 3 percent Vac, 400 cycles± 1 percent single phase 

2 ± 3 percent Vac, 400 cycles :1: 1 percent single phase 

117 :1: 2 percent Vele 

22 ± 2 percent Vdc 

5 :1: 2 percent Vdc 

Each of the two chllldown inverters will produce 56 Vac, 400 cycle, 
three-phase power for operaUon of two chllldown motors. 

The electrical distributing network will consist of power busses, cabling, 
power distribution boxes, switches, protective devices, and test connections. 
The main power bus will provide electrical power distribution during flight. Net­
work switching will provide for peak power requirements and for power manage­
ment. The de power will be regulated and maintained at a value of + 28 Vdc 
(+2, -4) at the equipment input terminals. The hydraulic pump motor starting 
current ls of such magnitude ·:lat regulaUon to within the above Umits will be 
possible during operation of ·� 1 pump but not during starting transient conditions. 

The electrical bonding and grounding network will minimize radio fre­
quency interference (RFI) in accordance with the requirements of Military 
Specifications MIL-B-5087A, MIL-1-6181D and MIL-E-6051C. The S-IVB stage 
structure will be used for the negative return on de circuits. Neutral return 
wires will be provided for ac circuits. The ac circuits will not use the stage 
structure for a neutral return. All signal circuits will be twisted-pair wires 
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properly terminated at each end and grounded as may be required by circuit 
design. using a single-point ground. The electrical bonding and grounding net­
work will minimize electromagnetic radiation and interference. 

The interconnection cabling assemblies will consist of several wiring 
harnesses which will provide intercoMection among the S-IVB stage electrical 
and electronic systems. Assemblies will provide wiring continuity from the 
stage equipment to the trunklines which extend the length of the stage and from 
the trunklines to the umbilical coMectlons . 
. 

The S-IVB stage electrical umbilical connectors are the mechanical 
connections through which electrical intercnange will be made between the 
Launch Facility and the stage. These connectors will be "dead faced," upon 
command, to isolate the stage electrical power sources from the stage electrical 
umbilical connector pins. This isol11tlon will be accomplished during checkout 
and again prior to withdrawal of the umbilical tower arm from the stage at liftoff. 

"Dead facing" will b6 provided during stage checkout as a means of sepa• 
rating the 1:1tage equipment from ground power and thus assuring that the stage 
electrical power system wUl function properly as an independent unit. During 
actual launch procedures "dead facing" will bt: required to isolate the stage 
power from the ground power for flnal checks before launch. The stage power 
system must display its capabtllty to assume power responsibilities during final 
ground checkout or the vehicle wUl not be sent the signals which will commit 
it to launch. "Dead facing" of the ■tage umbilical connector pins will be manda• 
tory througout flight to prevent arcing across the pins either at high altitude or 
in the vacuum of space where voltage breakdown resistance across the gap be­
tween the pins will be minimum. Arcing across these coi.nector pins could cause 
an explosion in flight if it coincided with a Row of fiammable gases past t.he 
umbilical plate during propellant tank venting. 

"Dead facing'' will be accomplished by "bus logic,'' a switching arrange­
ment which wlll remove pawer from the connector pins approximately 300 to 400 
milliseconds before the vehicle is committed to launch. Positive disconnection 
of the Launch Facility umbilical arm multiple-connector assembly from the s&age 
wonnectors will be accomplished by an electropneumatic device on the umbilical 
arm carrier plate. Upon receipt of an electrical signal. a solenoid actuating 
valve will supply pneumatic pressure to the umbilical arm "push-offs. " These 
"push-offs" will extend actuators and force the umbilical arm connectors free 
from the stage Just prior to withdrawal of the umbilical arm at liftoff. The 
Launch Facility electrical umbilical cables which connect to the s .. JVB stage 
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electrical umbilical connectors wlll be supported by the umbilical tower swing

arm. These cables will be moved clear of the Saturn IB vehicle at launch by 
retraction of the swing arm and ltB carrier plate. 

9. 5. 4. 5. 3 ELECTRICAL CONTROL SYSTEM. The S-IVB stage electrical
control system will exercJae regulation over various aspects of the propulsion
system and the flight control system. The electrical control system consists of
a switch selector which will decode discrete commands from the IU, a sequencer
which will pr�'!!� t!me-ph�sed ccmm:.-ids within the S-IVB stage, and a con­
trol network which wJll dJ1trJbutc the signals. The system will operate on either
ground electrical power or stage internal electrical power as required and will
provide input signals to the propulsion and flight control systems either directly
from the sequencer located in the stage or indirectly from the vehicle filght
computer• a component of the guidance and control system located in the IU •
via the switch selector and/or sequencer.

The S-IVB stage sequencer wm provide in-flight control of an established 
sequence of events which will occur during a normal flight mission. The sequen­
cer will perform this control by a process termed "relay logic." The sequencer 
will receive input signal• from within the JU through the stage switch selector• 
as well as the system• wtthln the S-IVB stage. The sequencer will respond to

these inputs by provldmg or removing power from appropriate circuits and 
thereby initiating vartou■ Rlghta functions. The sequencer is designed to perform 
logical gating of inputa necn1ary for sequencing control with as few Urned in pug 
as Possible from the guidance and control system. The sequencer will control 
only those functions which an, eatablished sequenced events. The solid atate 
switch selector will convert dtacrete digital inputa from the lU guidance com .. 
puter to output signals to the aequencer or to the applicable hardware acwaUoft 
ci.rcuits. The attitude error atgnala to the engine hydraulic actuators will be 
routed from the IU analoe fitgbt control computer. 

9. 5. 4. 6 INSTRUMENTATION AND RANGE SAFETY SYSTEM

9. 5. 4. 6. 1 GENERAL DESCRIPnON. The instrumenta.tion and range aafeiy
system of the S•IVB ■cap conalata of a measuring system, telemetry system,
radio frequency (RF) ■yNem, and range safety system. The measuring ayatem
will detect parameter a lndicaUve of stage· status and performance during check­
out and flight, and relay Uli8 information to the telemetry system. The telem­
etry system will transmit the Information gained to the ground monitoring stations
via the radio frequency (RF) system where it will be recorded and analyzed. The

instrumentation system is designed to provide the channel capacity, frequency
resJ)Onse, and accuracy necessary for the instrumentation of the S-IVB stage
during its development Rights and for the Saturn IB operational missions.
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The first four S-IVB Oigbt stages will contain a greater amount of instru­
mentation equipment and dala t:4Un-tpUng capacity than will the following opera­
Uonal flight stages. The oporuUonal miHSions will have reduced instrumentation 
capability in order Lo provide 1<U1t1 complex stage and greater payloa.i capability 
for launch vehicle due to the reduced weight.. The reduction in instrumentaUon 
from the developmental nta;bu k.> U,-, operation of missions will amou nt to about 
1600 pounds. 

9. 5. 4. 6. 2 TELEMETRY ANO M �\�UlUNG SYSTEM. The measuring system
will consist of the electronic, ,!ltlctrical, and mechanical devices necessary for
sensing the stage status and (MJriormancc data, connecting these data into ana­
logous de voltage signals, and applying the:!m to the telemetry system equipment.
'Ihe measuring system will consist of transducers, signal conditioners, and
measuring racks. Typtcul i:arnmolcrs to be sampled are temperature, pres­
sure, vibration, strain, acousUcH, accelerations, electrical power supply
frequencies, voltages and currents, and switch and valve position.

Since many of the source signals are unsuitable for use by the telemetry 
system, signal conditioners will be used to transform the outputs of the trans­
ducers into signals compatible with the input signal requirements of the teleme­
try system. The measuring racks will distribute the transducer signal1:1 from 
the signal conditioners to the telemetry system. The developmental flights will 
require about 500 measurements while the operational flight requirement will 
be reduced to about 250 measurements. 

The telemetry system consists of five subsystems utilizing four basic 
modulation schemes, Pulse Code Modulation/Frequency Modulation (PCM/FM), 
Pulse Amplitude Modulation/FM (PAM/FM), FM/FM, and Single Sideband/FM 
(SS/FM). For developmental illgbts the telemetry system will consist oC throe 
PAM/FM telemeters, one PCM/FM &clemeter, one SS/FM telemeter, and ono 
tape recorder. For operaUonal Wgbts this will be reduced to one PCM/FM 
system with provisions for rupklly mounting a PAM/FM telemeter if nuce•Al'J• 

The basic PCW FM 8)'8ltlm �ccopts 7200 words per minute and dJgitua 
these to a 10-bit acc uracy. The prtmury use of the PCM system will be ior tbo 
implementation of preJauncb automatic checkout of the vehicle. As a secondary 
role, the PCM system wW IIOl'n, aa ap accurate redundant data link for Ibo 
sampled PAM information. The PCM system will accept inputs from two 30 x 
210 PAM high-level mulUpto,wn together with a remote digital and remote aulaa 
low-level submultiple,cer operaUr,g mto a PCM/Digital Data Acquisition Syatem 
(PCM/DDAS). Each Ume-dlvisic.·n mulUplexer has 27 primary data channel• 
with each channel sampled 120 times per second. The first 23 of these cbamel• 
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may each be submultiplexed internally by 10 subchannels to produce a sampling 
rate of 12 samples per second. This provides a total capability of 81 (3 x 27) 
prime channels at 120 samples per second, or 690 (3 x 10 x 23) submultiplexed 
channels plus 12 prime channels, or any combination of the above. All mission 
control data will be redundnntly t.-rans,nltte() by the PCM/RF links in the S-IVB 
and IU. 

Automatic checkout ur the upcraliunal S-IVB stage is i:lCComplished by 
utilizing a 1

1emote automatic calibration system (RACS) in conjunction with the 
PCM/DDAS link. The RACS contalnfi N1Ulpmcnt which will insert calibration 
resist. mces in to the input circuU.s of the signal conditioning modules to simulate 
transducer outputs. Checkout lnformaUon carried through, or originating in, 
the modules is sent to the PAM multiplexers. These multiplexers transform the 
input into a wane train of equally spaced pulses of constant pulse width and vary­
ing amplitude, which are then transferred to the PCM/DDAS assembly to be 
digitized. The digitized pulsc-trnlns modulate a 600 kc voltage-controlled 
oscilktor and are carried on con,dal cable to the GSE reduction equipment. 

The three PAM/FM links will provide data at a sample rate of 3600 
samples per second through modulation of 70 kc voltage-controlled oscillators 
(VCO's) in the FM/FM sets. Because of the inherently high reliability and high 
data capacity of the PAM/FM/FM Unks, they are considered the primary data 
acquisition source. The three FM/ FM sets accomm�dating the PAM channels 
will contain VCO's for 2 throuJ,th t5 with plug-ln provisions made for the 
standard inter-range instrusncntatlan group (mIG) Channels. Each set will be 
capable of accommodating tho 3. 600 pulac-pcr-sccond output of the one PAM 
multiplexer on the 70 kc channel. 

Because of the dovclopnMfflUll mlormatton required on early Sa.turn IB 
flights, retrieval of acouatlffll Md vUlr-atkm data ls considered of prime im­
portance. The function uf I.lie! .,.f')( wl@moU')' unit ts handled such wideband 
information. This link bu 15 cbMMlfi wttb a response of 3000 cycles per 
second. 

An airborne tape �rdor wlU. w !Uled on the PCM/FM system on de­
velopmental flights to recover inl.Orffl3Uffll normally lost during "over-the­
horizon" periods of orbit.al miuiOIUI and during stage separation when ullage 
and retro rockets actlvallon tenda lo cauao telemetry signal interference. 'lbe 
recorder will store a porUon or the ampled data for a maximum of 56 minutes 
and playback in 7 minutes upon command from one of the several selected 
ground stations. 
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This RF system is similar to S-IB stage RF system (Section 9. 5. 3. 6. 4). 
The five 25 Watt RF transmitters (3 FM/F.M, 1 SS/FM, 1 PCM/FM) will op­
erate in the 225 to 260 Mc band and be capable of suf ficient power output to meet 
mission requirements. The telemetry antennas are designed to provide pau.em 
flexibility, directivity, gain, coverage, array, and electrical switching capa­
bility consistent with the various mission applications. 

The PCM/RF system will consist of the PCM transmitter, bidirectional 
coupler, coaxial switch, power divider, and antenna. Omnidirectional antenna 
pattern coverage is provided by two antennas. Automatic checkout ls achieved 
by using the bidirectional coupler and two RF detectors to measure forward and 
reflected power. Closed-loop checkout will be achieved by using the coaxial 
switch. 

9. 5, 4. 6. 3 RANGE SAFETY SYSTEM. The S-IVB stage range safety system
is an emergetX:y system designed to prevent the stage and its associated com­
ponents from becoming a safety hazard in the event of erratic flight ot the ve­
hicle. The system will be initiated by the Range Safety Officer of the Eastern
Test Range ( ETR) only as an emergency Rituation may require and will be
triggered by means of a radio link from ground·range safety stations �ocated
along ETR. The range safety system will act through the stage radio frequency
(RF) system, the destruct system, and the emergency detection system. By
means of these other systems the stage range safety system will provide t.l1e
following sequenced events: abort of the CM, cutoff of the J-2 engine ( if firt.t
stage separation has already taken place and the engine is therefore operating) ,
and rupture of the stage propellar,ts tanks with resultant dispersion of propel­
lants. Prior to first stage separation, the range safety system of the S-IVB

stage and of the s-m stage will be interconnected so that iniUation of one system
will automatically energize the other with simultaneous dispersion of th.;; pro­
pellants from both stages.

The stage range safety system will be designed ir. accordance with the 
requirements of the Air Force Misslle Test Center. Two range safety receivers 
and two range safety controllers will supervise the operation of the destruct 
system. System closed-loop checkout capability is provided by a directional 
power divider which consists of a single assembly containing two bidirectional 
couplers. The divider will be coMected to the t.wo range safety command re­
ceivers and the forward umbilical by three coaxial cables. 

A more definitive description of tbe Doatruct System its elf can be found 
in section 9. 5. 4. 7. 
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9. 5. 4. 7 ORDNANCE SYSTEM

9. 5. 4. 7.1 GF.NERAL DESCRlPTION. The S-IVB stage ordnance system con­
sists of a flight separation system and a destruct system. Installation of all
ordnance system devices will be accomplished at the launch site. Launch safety
will be provided by remot<--controlled safety and arming mechanisms to inter­
rupt the dual explosive trains.

9. 5. 4. 7. 2 FLIGHT SEPARATION SYSTEM. Separation of the combined S-1B
stage and S-IVB aft interstage from the S-IVB stage will be accomplished by a
skin-cutting technique consisting of a mild detonating fuse and a tension plate
separation joint. This separation will be facilitated by a retro rocket systero
comp,:-lsing four retrorockets mounted at 90 degrees intervals around the S-IVB
aft interstage circumference. Separation will take place at the forward end of
the S-IVB aft interstage; the aft interstage will remain attached to the S-1B stage.

Separation of the stages will be aided by the three ullage rockets located 
in the S-IVB stage aft skirt. Tne ullage rockets will assist in stage separation 
by impar.ting an acceleration in the direction of flight to the S-IVB stage. The 
prima1-y function of the ullage rockets, however, will be to pr,)vide propellant 
settling in order to attain proper NPSH for the propellant turbllpumps. The 
stage separation sequence will take place upon command from the flight control 
system of the IU. The separation sequence is defined in section 9. 3. 2 and sec­
tion 9. 5. 3. 7. 2. 

Separation of the combined S-IVB stage and IU from the Apollo space­
craft will not require the use of retrorockets on either the forward part of the 
S-JVB stage or on� IU; however, the S-IVB stage forward skirt is designed
to provtdo capabUlty for installation of two retrorockets in the event they should
be required for future missions. For example, the addition of a third stage,
such as the Centaur stage, will necessitate use of retrorockets to facilitate
separaUon.

Separation of the Apollo spacecraft from the S-IVB stage and IU combi­
nation will be achieved by the use of reaction control motors on the spacecraft. 
A skin-cutting explosive will forcibly divide the spacecraft/LEM adapter (SI.A)

at a separation plane forward of the interface with the IU. The spacecraft adapter 
will be divided into four segments and folded back 45 degrees from the vehicle 
centerline. The CSM will then e:::ecute the rendezvous and docking maneuver 
with the LEM. The LEM will remain fixed to the IU and S-IVB stage combina­
tion during thit1 maneuver to assure stability of the LEM. Alignment will be 
attained aud physical contact made between the CM and the LEM docking tunnel. 
The LEM will then be disengaged from the forward part of the IU. and the 
spacecraft and LEM will be withdrawn from the S-IVB stage and IU combination. 
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9. 5. 4. 7. 3 DESTRUCT SYSTEM. The S-IVB stage destruct aya&em ta an
emergency system which will be 11Sed to tenninate p:-opulaion and ID napture the
propellant l.anks upon command of the range safety sys1em cl'OWl:t 111alioM. Tbe
destruct system will be activated only in the event a malluncllon abould occur
during Right lhat would cause the vehicle to become a hazard &o pcnoanel or
material. The system will initiate cutoff of the J-2 engine ud upan commud
detonate linear shaped charges to rupture the propellant con11linur■• The fuel
and the oxidizer will be dispersed to minimize the possibility of fire or explosion.
The systems of b?th stages are functionally identical. 'lbe system of the first
stage is described in section 9. 5. 3. 7. 3.

The destruct system equipment will consist of a dual system of two EBW

firing unitti, two EBW detonators, a safety and arming device, and a cable 
harness usembly. The destruct system will consist of a dual, linear shaped 
charge train for the LH2 tank, and a single lin ear shaped change for the LOX 
tank. The charge trains will be connected by detonating cord leads which will 
be initiated by two EBW detonators receiving energy from two EBW firing 
units. 

9. 5. 4. 8 ENVIRONMENTAL CONTROL SYSTEM. Certain equipment and in­
stl'umentaUon located in the S-IVB stage forward skirt and aft lnteratage area■
will require stable environmental conditions, maintained within prNCrlbed
limits, for proper operation. Control of environmental tempera&uro and of the
content of combustible gases will be necessary to prevent equipment malf1111CUon.a
and to minililize the possibility of fire or explosion. The S-IVB •wee Uaennal
control sy1:dem will provide component temperature control in Oipl aad ill
earth orbit. The Launch Facility will insure that no combustible PHIi are
present within the interstage while the Saturn 1B vehicle la •till on &be launch

pad.
Preflight environmental control will be provided by a low-pntN&an air 

source ( 1. 5 pslg maximum) external to the launch vehicle until approximately 
30 minutes before the beginning of the liquid hydrogen load operations. There­
after, botb the S-IVB stage forward skirt and the aft interstage will be purged 
with gaseous nitrogen for safety purposes. This nitrogen purge will be main­
tained until liftoff to reduce the oxygen content of both the forward skirt and the 
aft interstage to a level insufficient to support combustion. The nitrogen purge 
will also provide thermal environmental conditioning for these Rame zones. The 
conditioned alr and the gaseous nitrogen supplied by the Launch Facility will be 
directed tbrough an umbilical connection in the skin of the S-IVB sta,e to distri­
bution manifolds located inside the aft ski.rt. The conditioned air initial purge 
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and the gaseou6 niln:>pn ftnal purge will also be supplied by the Launch FacUity 
through an umbilical cotUNlCUon 1n lbe skin of the Ill. From this inlel the purge 
gases will now bllo lhe IU central void and thence into the S-IVB stage {-:-rward 
skirt internal area. 

Temperature-aenaiUve electronic components in the forward skirt aroa 
will be actively beal-condiUoned by mechanically attaching the componenla IO 
cold plates through wluch a 011ld o{ proper temperature is circulated. The com­
ponents will dissipal.c beat by conduction through the attach points to the fluid. 
The cold plates are a«acbltd to the inside circumference of the forward skirt 
1/4 inch below lbe S-IVB/W ln&orface. The inlet and outlet connections of each 

cold plate are ataached to a 111pply and return manifold attached to the inner 
forward skirt stnacture iWOUl 6 inches below the bottom of the plates. This 
manifold is in turn connected IO a atmilar manifold from the IU. The pumping 
and heat removal eqy.tpm ml lor circulating coolant through the manifold is located 
in the JU. A deacriptkm of lbi• eqwpment can be found in section 9. 5. 5. 6. The 
operating pressure t• /about .f2 psi.a with a flow rate of about 3500 pounds per hour 
of a 60/40 percent (by .-ct&lu) .oluUon of methyl alcohol and distilled water. 
The temperature of UK! Oaud •tll be maintained a .. 59 :1: 1 °F. 

9. 5. 5 INSTRUMENT UNIT

9. 5. 5, 1 GENERAL. The lutnament Unit (JU) is a major structural and func­
tional segment of lhlt 811.hanl 18 •pace vehicle. The Instrument Unit contains the
principal guid&nco, coal.rol, aad monitoring mechanisms which will govern per­
formance of the Salum 1B througbaut a major portion of its mission. Instrument
Unit control will bectn al the Ume Gf liftoff, will include injection of the combined
S-IVB stage, lnstr11mcnt Unit, aad Apollo spacecraft into earth orbit, and will
extend through parUcipllUon in iniUal orbital maneuvers thereafter. This period
of active parUcipatlon by elomonle within the lU will include the various early
phases of the mission. Among lbese phases will be first stage powered flight,
first stage separaUon, second slap powered night, injecUon into earth orbit,
earth orbital coast slabtli&aUon, aod spacecraft turn-arowid and docking maneu­
vers. IU contribution wW continue up through the spacecraft withdrawal from
the remainder of the launch vehicle in earth orbit.

The lnstrwne& Unit bu a nominal flight weight as shown in Table 9-ll 
and consists of the strllCwral ay■&em, guidance and control system, electrical 
system, instrumentatioll ■ya&em and environmental control system. The locaUon 
of tb1s equipment wtUun U. lU i■ ■hown ill Figure 9-19. 
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9.5.5.2 STRUCTURAL SYSTEM. The Instrument Ur.it (Fig. 9-20> is a 
cylindrical structure 260 inches in diameter and 36 inches 1-.Jng. The cylindrical 
structure is divided inlO lhree S'aclOr segments which may be disassembled to 
facHitate packaging, handling, and shipment. The IU will be an Wlprcssurized, 
load-supporting structure of a bonded construction design. It will consist of 
three 120-dcgree sect.or segments which, when fastened together, will comprise 
the overall cylindrical configuration. Each segment will be of a sandwich-type 
bonded panel design and will be composed of inner and outer skins, a honeycomb 
core, and forward and aft interstage coIU1ecting rings. These three arc-shaped 
segments will be ass embled by splice plate::.. Welded brackets will be provided 
for installation of instNment mounting panels. An umbilical plate and an access 
door of bonded sandwich-type construction will be provided in one of the 120-
degree segment assemblies. 

9. 5. 5. 3 GUIDANCE AND CONTROL SYSTEM. The guidance and control sys­
tem has five major functions:

a. Generation and evaluation of  information relative to the instantaneous
siale of the Saturn lB space vehicle, 

b. Performance of inflight calculations concerning times for various
inflight sequences, 

c. Provision of vehicle fwicUon commands associated with engine
ignition and cutoff, 

d. Stabilization of the vehicle in accordance with information relative
to vehicle instantaneous state, and 

e. GeneraUon of steering signals to control the vehicle along the pre­
determined path or along an optimized trajectory. as dictated by the guidance 
mode. 

The guidance an.J control system which ts being developed for the Saturn 
1B launch vehicle wW be l.ltilized also for the Saturn V launch vehicle. 'lbe 
guidance and control system design must be sufficiently versatile to accommodate 
a wide variety of space vehicle configuraUons and mission objectives. These 
requisites will consequently involve su�h variables as engine thrust parameters 
and vehicle flight palh selecUona. The guidance and control system of the Saturn

IB vehicle will, together with the S-1B awiich selector and S-IVB sequencer and
switch selector, di�t &be powered Bight of both the S-IB stage and the S-IVB

stage. In addition, tbe guidance and control system will regulate stabilization 
of the combined S-IVB •tace. Instrument Unit. and Apollo spacecraft during the 
earth orbital cout period. 
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During S-lB stage powered fiight, the Launch Vehicle Data Adapter 
(LVDA), the control accelerometers and the control rate gyros (all located in 
the Instrument Unii, supply the flight control computer with the input signals re­
quired for it to generate the engine g imbaling commands as dictated by the 

drift-minimum control principle (DMP). The DMP may be defined as that case 
where, by the control mode, an attitude and engine throw-angle combination ls 
enforced that leads IO the canceU;1.Lion of the sum of all force components per­
pend icular to the oomlnal fitght plane. 

During S-IVB stage powered Oight, the vehicle will be steered and 
stabilized in both the pitch liUK1 yaw planes by gimbaling the J-2 engine while 

control in the roll plane -..ut be attained by pulsing the appropriate engines of 
the auxiliary propwal<Jll fiY•lcm. Dvring the period of earth orbital coast the 
guidance and control ay•lem will maintain proper attitude of the combined S-IVB 
stage, Instrument Unit and Apollo spacecraft by pulsing the auxiliary propwsion 
system roll, pitch and yaw atlilude control engines. During S-IVB stage powered 

flight, the vehicle will be steered and stabilized along an optimized trajectory by 
the guidance and control 11Yatem uUlizing a path-adaptive guidance mode. The 
path-adaptive guidance mode wW provide lnflight solutions to guidance equaUons 
by means of a digital computer in the vehicle which cont1m1ously evaluates the 
instantaneous vehicle coordtruues and flight status. From the evaluation the 
computer will comp&&o an opUm-wn Oigbt path for the vehicle. This computer 
will also provide the c1110U command sipal through the S-lVB switch selector 
to the J-2 engine when tho orbi&al injecUon condiUons of posiUon and velocity 
are fulfilled. A del&a-muwmun guidance mode will be utilized to provide 
direction in the crou-ranp piano. The iterative guidance mode will be utilized 
in both the pitch and yaJA· pluea. 

The gwdance and COMNI ayatem will have fWlctlonal interfaces with the 
Apollo spacecraft, wUb a mamber of lhe major systems of the Lawich Vehicle 
and with the electrical qppol't OQllipment (ESE) located at the Lawich Facility. 
The system will tncorp,nte pruvtatou for alignment and checkout during the 
prelaunch tests of the vehicle condlacted at the Launch Facility. The guidance 
and control system will alao determine the instant at which the Saturn IB ve­
hicle has attained the velocity ud alUtllde required for injection into earth orbit 
and will issue the culoff command aipal to the S-IVB stage J-2 engine. 

The integrated guidance and control system (Fig. 9-21) is made up of 
Launch Veldcle Data Complier (LVDC), LVDA, ST-124M inertial plaUorm 
system, control compg&er, ra&e 11ro package, control signal processor, con­
trol accelerometen. 'r.o actuaton per engine rec(?Jve retract�r-extend 
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signals from the control computer. Control computer signals to the actuators 
come from the LVDA, control rate gyros and control accelerometer outputs. 
Sequenced commands for time-dependent operation of various S-IB, S-IVB, 
and IU systems come from the LVDC, through the data adapter, to the switch 
selectors on the IU, S-IVB, and S-lB stages. 

The ST-124M stabilized platform system provides the inertial reference 
plane for the guidance system. 

An air bearing GNa supply system supplies regulated GN2 to the ST-124M
stabilized platform air bearings !or preOigbt and flight operation. The system 

consists of a storage sphere, a heat exchanger, a pressure regulator, one pres­
sure switch, two filters, two coupling valves, a solenoid valve, and associated 
plumbing. During preflight operations, GN2 at 3000 psig nows from a ground
source to the two-cubic-foot storage sphere. Should the GNa storage sphere 
pressure drop below 925 psig dLU"ing prelau.nch system operation, the low pres­
sure switch would deactuate, shutting off the ST-124M. During intligbt operation, 
GN2 at 3000 psig flows from the storage sphere through a pressure regulator, 
where the pressure drops to an acceptable value for air bearing operation. Next, 
the GN

2 
flows through a heat exchanger, located on the environmental control 

system, to the air bearings in the ST-124M. The beat exchanger warms the 
GN2 for proper air bearing operation.

The L VOA functions as the input-011tput signal conditioning device for 
the L VDC by controlling data flow to and from the comp11t.er, providing 
temporary data storage, transforming data into a form compatible with re­
ceiving equipment characteristics and performing simple computational and 
logical operations on the data. The data adapter consists of a digital secUor, 
that buffers signal quantities and an analog section that converts analog to 
digital and vice versa. 

The liquid-cooled, serial type, digital computer employs a random 
access magnetic core memory, microminiat&U'e packaging techniq1&es, triple 
modular redundancy in the control logic, and multiple duplex memory 
modules for high reliability. The computer functions during· prelaunch checkout, 
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launch, S-IB powered OJght. 8-lVB powered Oight, and orbital phases. The 
guidance computer monitora oacih ae,quence of events that it initiates to ensure 
receipt of and acUon upon i&• oulpl&Q. 

The analog flight con1l'ol computer receives attitude command signals 
from the L VDA and dynamic measw-ements from the rate gyros and acceler­
ometers. From these signals tbe control computer establishes the allowable 
rate of attitude correction (based on predetermined limits of vehicle dynamics) 
and signals the engine actuators to correct vehicle direction to the prede­
termined trajectory. 

Three switch selectors (one each for the S-IB, S-IVB, and IU) link the 
data adapter to the control distributor on each etage. Each selector consisw of 
two sections: the input or register section composed of latch-type relays powered 
by the data adapter, and the output relay driver secUon powered by individual 
stage power s11pplies. Parallel wiring of all the switch selectors necessitates 
a coded input to the proper selector when an L VDA output must go to a par­
ticular stage. Once the stage-select signal has been received by the 
selector, the computer initiates the "read command," allowing the selector or 
selectors that have been given the stage-select command to drive the additiooal 
output. 

Single-degree-of-freedom, redundant rate gyros which sense vehicle 
angular velocity about the pitch, yaw, and roll axes provide attitude rate feedback 
signals to the control signal proceesor during all phases of powered flight. Tho 
processor in tllrn feeds its output to the control comp11ter pitch and yaw attitude 
rate channels. Should velocity rates exceed a specified limit. the rate gyro 
signals wowd energize relays in the EDS system to complete the EDS circwt. 

Body-fixed conU-ol accelerometers provide vehicle angle-of-attack con­
trol from approximately liftoff +30 seconds to liftoff +120 seconds. An!Ile-of­
attack control reduces steady state drift and minimizes bending moments on the 
vehicle str11cture by reducing the angle of attack and lateral component of thr11st 
through dominant angle-of-attack feecl>ack. 

The IU command system updates gwdance information stored in the on­
board guidance computer and initiates command functions. The systc,m con­
sists of two antennas, a command receiver• and a command decoder. 
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9. 5. 5. 4 ELECTRICAL SYSTEM. The electrical system will generate 28: 2
Vdc power utilizing four silver-zinc batteries and will distrilx.ite all of the power
required for operation of its components durtng Qight. A ground source will
deliver the same power requirements during prelaunch operations.

The inflight syc;;tem consists o( the four 28 Vdc batteries, a power 
distributor, two auxiliary power distributors, an EDS distributor� two measur­
ing distributors, and a control distrilx.itor. The power distributor supplies 
battery power via two buses to the two awdliary power distributors, electrical 
assemblies within one IU segment, and the 56 Vdc power supply. The auxiliary 
power distributors supply powe1· to the other two IU segments. The EDS distri­
butor interconnects the EDS systems on each stage .nd performs EDS switching 
functions for EDS information to and from the Apollo spacecraft. The two 
measuring distributors provide measurement signals to the telemetry panels and 
supply 5 Vdc power to the measuring sensors. 'I'he control distributor provides 
a junction and power distribution point for the vehicle control circuits. The 
internal relay logic of the control distributor allows it to control equipment 
sequencing and distribution of power through its control of the contactors within 
the power distributor. The IU switch selector, which links the data adapter to 
the control distributor, accepts the proper power sequencing commands from 
the data adapter to energize the control distributor. The 56 Vdc power supply 
converts unregulated power required to operate the ST-124M platform circuits. 
The de-to-de type power supply uses a magnetic amplifier as its control 
Wlit. 

The electrical system of the Jnatrument unit will be compatible with the 
automatic checkout equipment located at the Launch Facility and with the Saturn 
m vehicle electrical system. 

9. 5. 5. 5 INSTRUMENTATION SYSTEM

9. 5. 5. 5. 1 GENERAL DESCRIPnON. Tbe inatrwnentation system is designed
to obtain data regarding the Saturn IP vobklo performance parameters and will
relay this data to ground stattona via radio l.fflu. The instrumentation system
will consist of two subsystems: a mc,avnaa aac:I lelemetry system, and tracking
system. The measuring and telomet11 •1•C.m will detect performance data
and will transmit these data to &n>und tnddnc 1&aUona via the RF telemetering
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networks. The tracking system will anal.Jlc improved mission control and post­
flight evaluation, and provide range 1:mf'ety 1.ruj1.'Ctory information. The instru­
mentation system for operaUonuJ m1tu1JUUd wUl be reduced from the developmental 
flight design. This reduction will rc,ud.L in u weight decrease of about 500 pounds. 

9.5.5. 5,2 TELEMETRY ANO MEASUIUNG..!,_YSTEM. The measuring system 
is a network for detecting condltlanti prc,ac.,nl tn the �turn IB vehicle. Inputs to 
the measuring system will be made by iit!n1ld1'1-g devices located throughout the 
vehicle. Outputs from Uw mcn�uring •)'"lt.!'m wtll be the inputs to the telemetry 
system through which they will be lf'iUU•f�rreJ lo i;round stations by the RF sys­
tem transmission. The menftunpg -.y;...wm hi oostgned primarily for inflight 
operation but is also activti during •ukun�UC'.' cbt,ckout at the Launch Facility. 
The measuring system will cont1itil prtmartJy of transducei:-type sensing devices 
for use in detecting quantities which ur'-• rvprcscntative of vehicle performance 
parameters. In addition, the mcuurtng sy�lem will contain sign. -·onditioning 
equipment for modifying the output.t. of bUme of the sensing dey'icc ccordance 
with the input signal requiremc1�,8 of the 1.dcmctry system. The ,ducers 
and sensors convert physical quanli lics (pt"Cssure, temperature, v, J:ation, etc.) 
into electrical signals that the signal-condli.ioning modules accept and convert to 

some voltage value between O to 5 Vdc. The si&nal conditioning modules consist 
of ac and de amplifier modules, servo-accelerometer units, and frequency-to-
dc converters. A measuring-rack selector dctcrmincs which vehicle measuring­
rack outputs go to the measuring diijtributors at given times, and provides power 
distribution for the flight remote automatic calibl'ation system (RACS) equipment. 
The measuring distributors route the conditioned signals to the proper telemetry 
channel, which is dependent upon \he mensurement characteristics. The RACS 
is used during prelaunch aulomaUc cbeckoul to calibrate the transducers. 

The measuring system for c:k!vulopmental instrument units will consist of 
about 300 measurements but will be roducod lo l&bout 140 measurements on 
operation missions. 

The telemetry system ts an arny o( oqwpment which will function to 
transmit data detected by the rneatilllU1a,& •1•&em bPck to earth for receipt by 
ground monitori� stalio1»1. Kap�d �.ampltaw lecluuqqes will permit transmission 
of a very large number of individual �u.n,amta in raptd succession over 
only a few radio frequency cbame,l,s. Tho kllemelry system will have adequate 
transmission power, channel c....-,tty. aad 111•wm accll.l'acy to accommodate the 
stri�ent requirements of l1141DCb wfsk-lc:t m!••lon monilorlng plans. The teleme­
try system for development.id rupe.a wW �l•l of two FM/FM telemeters, one 
PCM/FM telemeter, one SS/FM Wemo1Pr. aad a tape recorder. For opera­
tional missions this instnamenlaUoa will bcl reduced to the one PCM/ FM set and 
only one FM/FM telemeter. Tbl• &alemelry equipment operates identically to 
similar equipment on the s-m ud S-IVB •&acua and descripUons of this equip­
ment can be found under &be &olematl'J doacrlpUons of those sections. 
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The telemetry calibrator assembly provides both control and calibration 
signals fo1· the subcarrier oscillators of the FM/FM and SS/FM sets during 
grow1d test and flight. The calibrator provides only the control signal for the 
multiplexers, since the multiplexers have built-in calibration capabilities. 

The tape 1·ecorder records analog data (for periods up to 3 minutes) from 
the IU telemetry links during separation blackout caused by retrorocket and 
ullage rocket fi1ing.

The radio frequency (RF) system located in the instrument unit is com­
posed of equipment arrays which transmit, receive, or function as transponders 
for electromagnetic ene 1·gy within the radio and radar frequency bands. This 
system accepts flight mea:;urement data from the telemetry system and transmits 
this information Lo the �round monitoring stations via its radio transmission 
capabilities. 

9. 5. 5. 5. 3 T_RACKING SYSTEM. Tracking of the vehicle by various ground
stations enab?es improved mission control, allows postflight trajectory evalua­
tion, and provides r-.rngt? safety. The combination of several different tracking
systems providt?s the best possible trajectory information for analysis.

The C-band radar system consists of a transponder and an antenna. The 
antenna accepts siugle- or double-pulse interrogation signals from a ground 
station, 1·outcs them to the transponder, and retransmits the single pulse output 
of the lr-.insponder over Lhe same antenna to the ground station. The radar ground 
station deLe1·mines the vehicle transponder position by measuring range, azimuth 
angle, and elevation angle. Pulse travel time determines range, while amplitude 
comparison monopulse techniques provide the angle determination. Propulsion 
and guidance evaluaUon and range safety impact predictions come from the 
Azusa system du.ring powered flight. The Azusa system consistB of a trans­
ponder, a radio interference filter, and an antenna. The transponder receives a 
C-band carrier frequency modulated by range signals from a ground uacldnc

station. The transponder simultaneously retransmits the range alpai• lo lbe
tracking station. Range measurement and measurement of two :male• al lhe
groW1d station determines vehicle position.
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9. 5. 5. 6 ENVIRONMENTAL CONTROL SYSTEM. The Instrument Unit for the
Salum m launch vahicte wilt contain an environmental control system. 'lbl• la
a clo•ed-loop, pntuW'ized, continuous-flow system which will provide environ­
mental conll'Gi lor 11w equipment located within the Instrument Unit and within
the (orw1ud alrt Lunt'- or i�e S-JVB stage. Stable optimum environmental condi­
Uon• an: •--U41 co uaw-e proper operation of the electrical and electronic
eqwpmor.i.l OQ.a� llitlbln lbua� are&s. This system will absorb the heat created
durtna opemU&Hl ot lhtt electric,d and electronic equipment. The environmental
coau-ol •1.wm �111.lpmenl ta the IU consists of a methanol/water accumulator,
a coohm1 pwpp. 11 lhenmawr, 16 cold plates, two heat exchangers. a Qow con­
trol valv1t, �o 11wra11� spheres, a GN2/water accumulator, and a sublimator.

Tbct cuwl.ronmental control system will perform its functions by circulating 
a cooUng llllld lhn>u&b "cold plates" upon which the equipment to be cooled will 
be mounted. The cold plates will consist of a honeycomb type atrucb&ral ma­
terial inlo which tapped bolt holes are drilled for equipment mounting purposes. 
These boles will be drilled in a 2-inch square pattern over the entire surface of 
the panel, thus creating a pe5board appearance. The cooling fluid will be com­
posed of 60 percent methanol and 40 percent water by weight. 

Pressure for the coolant system will be provided by an electric pump. 
Upon completion of its passage through the system, where lt abaorba beat from 
the operating equipment, the coolant fluid will be chilled in a subUmalor wherein 
thermal energy stored in the coolant liquid will be dissipated t.o ice which wW 
evaporate under low pressure and be exhausted through an overboard diacbarge 
from the Instrument Unit into space. The coolant will be circulated within 
several of the Instrument Unit components for additional cooling of thole parUcu­
lar units. These components consist of the flight control computer, the ST .. 12.QI 
inertial platform, the datK adapter, and the LVDC. 

The environmental control system will contain a separate beat ex.cbanaer 
for use durine preflight checkout of the Saturn IB vehicle. Thia prefii&ht heat 
excban&er will substitute during ground operations for the water-evapora&ive 
components of the Oigbt system. The preflight heat exchanger will receive 
cooling Quid input and circulation pressure from the ground support eqi:ipmenl 
at the LaW1Cb Facility. Circulation of this cooling fluid from the Launch FacWty 
tbrouch the pn,lligbt beat exchanger will chill the methanol-water 80luUon in die 
Instl'llment Unit ■ylitem during the period of operation on the ground. The 
metbanol-w-.aler aoluUon will, in turn, be circulated throughout the ncular cold 
platea to provjdc envlronmfJntal control for equipment in the Jnstrument Unit 
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and in the forward akin of the S-IVB stage. Once the W wnblUcal housing dia­
connectB, no cooling of the onboard. coolant occurs until the ambient preuvn 
drops low enough for the aublimator to function. At this time, waler wW flow 
through the sublimator where it vaporizes, carrying away heat from tbe 
methanol-water mixture, thus cooling the coolant. The water vapor will &hen 
vent into the IU/S-IVB interstage area. 

The two 3000 psig SO-cubic-inch GN2 storage s�eres presaume the 
GN2/methanol-water accwnlllator and the GN2/water accumulator. Bolh accwnll­
lators contain GN2 and fluid which is separated by a diaphram. A prea■lll'tt ia
applied by the GNi spheres and the fluid is forced through the coolant ltnu. 
The GNz/metbanol-water accumulator provides adequate operating preaaue to 
the coolant circlllaUon pump inlet, dam})ens temperature fiuctllations, and abaorbB 
any fiuid thermal expansion. 'Ihe GNz/water accumulator provides wuer now

to the sublimator for infiight cooling of the methanol-water coolant. 

A modulation Dow control valve located at the sublimator inlet controls 
the coolant temperature by allowing varying ,unounts of coolant to either flow 
through or bypau the sublimator. The thermistor varies the posiUon of the 
flow control valve .. 
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10.1 SCOPE 

SECTION 10 

REUABIUTY AND QUAUTY ASSURANCE 

This section sets forth the policies, requirements, disciplines. and 
procedures for the Saturn IB Reliability and Quality Assurance Program. In­
cluded in this section are organizational responsibilities for identifying and 
interpreting NASA documents affecting the Saturn IB Reliability and Quality Aa­
surance Program, and for assuring their implementation. The requirementa 
established herein are applicable to all NASA organimtions and contracton 
participating in the Saturn IB Program. 

10. 2 ORGANIZATION AND RESPONSIBIUTIES 

10. 2.1 GENERAL. The various MSFC organimtional elements having relia-
bility and quality assurance responsibilities for the Saturn IB Program are de­
scribed in the following paragraphs. 

10. 2. 2 RELATIONSHIP OF IO WITH R&OO. Industrial Operations, thl'0\1&11
the Saturn IB Program Office, bas the overall responsibility for the conduct alld
management of the Saturn 1B Program. The Saturn IB Reliability and Quality
Office, 1-1/1B-Q, and other staff offices, provide program management a.ad baft
overall responsibllity for establishing, administering, conducting, and emuattac
their respective portions of the Saturn IB Program. Research and Development
Operations, through the Quality and Reliability Assurance Laboratory and otber
Laboratories, provides development and technical capabilities in reliabllity
assurance and other areas to support Industrial Operations by f)rovidlng the
technical input with �ich the Saturn IB Program Office gives technical direction
to its contractors. Industrial Operations utilizes the capabilities of Re.earc:h
and Development Operations in the performance of the functions neceHU.')' to
accomplish Saturn 1B Program objectives.

10. 2. 3 SATURN IB RELIABIUTY AND QUAUTY ASSURANCE, 1-1/IB-Q. 
1-1/IB-Q has overall responsibility for administering, coordinating, aml evaba­
ating that portion of the QIERA Program over which the Saturn 1B Program
Office has cognizance. This responsibtllty encompasses the Saturn m Program
from initial concept through design, development, manufacture, inspection,
ground test, checkout and completion of flight operations. 1-1/IB-Q will ensure
that MSFC Industrial Operations and R&D Operations elements and MSFC Realdeot
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Offices establish and implement procedures to support the Saturn IB Program 
and that these elements monitor, evaluate, and provide technical guidance to 
concerned contractors, subcontractors, suppliers, and government agencies 
within established requirements and the constraints of this plan. 

10. 2. 4 SATURN IB STAGE PROJECTS. The Saturn IB Stage Projects are
responsible for managing the MSFC/lndustry performance for their respective
areas for all phases of planning, coordination, and contractor technical direc­
tions. Stage Projects will:

a. Ensure that NrDO elements and MSFC Resident Offices establish
and implement procedures lo support individual Saturn 1B Stage Offices and that 
these elements monitor, evaluate, and provide technical guidance to concerned 
contractors, subcontraclDrs, suppliers, and government agencies within estab­
lished requiremenw and the constraints of this plan; 

b. Provide the sole point of official direction to contractors and serve
as the focal point for all formal contact between contractors and MSFC relating 
t.o Saturn 1B reliability and quality assurance matters. 

10. 2. 5 MICHOUD ASSEMBLY FACILfflES, INDUSTRIAL OPERATIONS. The 
Office of Assistant for Quality Assurance and Reliability at Michaud is responsi­
ble for assuring that Mlcboud contractors conduct their portion of the Saturn IB 
Reliability and Quality Assurance programs in accordance with requirements 
and within the constraints established by this plan. 

10. 2. 6 QUAIJTY AND REIJABJLITY ASSURANCE LABORATORY ( R-QUAL). 
R-QUAL maintains a composite Reliability and Quality Assurance technical capa­
bility in depth which will be used to ensure the technical adequacy and performance
of all contractors. R-QUAL will:

a. Serve as the Center central point of authority for developing and
establishing MSFC-wlde reliability and quality policies, procedures, and capa­
bilities; 

b. Support the Saturn 1B Program in the establishment, implementation,
and evaluation of the reliabUUy and quality assurance programs; 

c. Establish, implement, administer, coordinate, and evaluate the
Reliability and Quality Aaauraace programs for the hardware that R&D Operatlona 
designs, procures, uaemble■, tests, etc. , for the Saturn JB Program; 
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d. Perform Reliability and Quality Assurance functions on han.lww.re
manufactured and/or assembled at MSFC. 

10. 2. 7 OTHER R&OO LABORATORIES. Other R&DO Laboratories pat·ttc\pallt 
in the implementation of reliability and test programs in their design or cogni­
zant areas by mutual agreements with the Q&RA Laboratory. 

10. 2. 8 OPERATIONS AT PRIME CONTRACTORS' PLANTS 

10. 2. 8. 1 GENERAL. The following paragraphs define the operational responsi­
bilities and relationships for performance of Reliability and Quality Assurance
activities at prime contractors' plants.

10. 2. 8. 2 RESIDENT PROJECT MANAGERS. Each Resident Project Manager:

a. Provides on-site supervision and management of MSFC operations
at stage contractor sites and acts as the single overall channel of communications 
between MSFC and the contractor; 

b. Monitors, evalua&ea, and assesses, through the resident Q&RA
Laboratory representative. lbe Reliability and Quality Assurance Program per­
formance to ensure that Stage Project requirements are met; 

c. Is responsive 1o Che policies and requirements established by Center
Componenta as directed by Stage Projects. 

10. 2. 8. 3 QltRA LABORATORY RESIDENT REPRESENTATIVES. The Senior
Q&RA Laboratory Representative at the contract.or's facility is the focal point
for all Q&RA matters at the contractor's plant site. He is responsive to pro­
gram and technical direction from and utilizes the capabilities of the QCrRA
Laboratory in the performance of assigned duties. Q&RA Laboratory Repre­
sentatives will support the Resident Project Manager in ensuring the overall
adequacy of contractor's Reliability and Quality Assurance activities and furnish
the technical inputs necessary to direct contractor Reliability and Quality
Assurance activities.

to.a SATUR N IB RELIAmLITY AND QUALITY ASSURANCE REQUIREMENTS 

10. 3. 1 GENERAL. 'lbe objective c,f the reliability program is the assurance 
that the Saturn IB launch vehicle will have an inherent reliability acceptance for 
manned space flight. 1be inherent design reliability goals are as follows: 
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a. Flight Vehicle ( Total) 0. 95 ( including engines)

( 1) S-IB stage and engines O. 986

( 2) S-IVB stage and engine 0. 974 

( 3) Instrument Unit 0. 990

( 4) Emergency Detection System*

Probability of not inducing a false abort O. 9997.

Probability of detecting a failure 0. 997 3

( 5) H-1 engines O. 99 at 50% confidence

( 6) J-2 engine O. 99 at 5� confidence

b. Flight-critical ground support equipment O. 99

The assurance that the Saturn IB reliability is acceptable shall be 
determined by: 

a. Reliability analysis using MSFC approvec;l data and MSFC document
10M30111A, Procedure for Performing System Design Analysis, dated February 
10, 1965, as a guideline. Redesign of high criticality items shall be considered 
along with other methods of failure elimination when the analysis fails to meet 
the apportioned goals. 

b. Test information obtained from acceptance qualification and specific
reliability demonstration tests. Test requirements shall be based on NPC 500-10, 
Apollo Test Requirements, May 20, 1964, as implemented by contractual actions. 
The test procedures will include an analysis of all failures observed in the test 
programs and the elimination of the causes of such fa!lures. Engineering appraisal 
of all available data shall be made 1D determine the confidence in each article to 
meet the reliability apportionment. 

10. S. 2 NPC 250-1, NPC 200-2, AND NPC 200-3. The Provisions of NPC 250-1, 
Reliability Program Provisions for Space System Contract.ors, and NPC 200-2, 

• Goals apply to each sensing parameter.
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Quality Program Provisions for Space System Contractors, constitute basic re­
quirements for the Saturn IB Program systems. The provisions of NPC 200-3 , 
Inspection System Provisions for S·uppliers of Space Materials, Parts, Com­
ponents, and Services, constitute basic requirements for Saturn IB Program 
materials, parts, components, and services. The Saturn IB Program Office is 
responsible for incorporating the requirements into NASA contracts. NPC 250-1, 
NPC 200-2 and NPC 200-3, or elemttnts the�eof, serve as imposed requirements, 
and are tailored to meet the needs of the specific contracted tasks. Factors af­
fecting the contractor's reliability and quality assurance plan include equipment 
complexity, criticality of the system and use, and maturity. When contractor 
reliability and quality assurances plans are approved by the cognizant Field 
Center Program Office, they sha;l serve as the basis for implementation of re­
liability and quality assuranc:I! rf.qutrements through the contractor's activities. 

Additional provisions to cover the Apollo R&QA will be established in 
NPC 500-5, Apollo Reliability and Quality Assurance Program Plan. 

10. 3 .  3 NPC 200-iA. The provisions of NPC 200-1A, Quality Assurance Pro­
visions for Government Agencies, constitute basic requirements for Government
Agencies, either NASA or DOD, at contriietors' plants performing inspection
and quality assurance functions for NASA.

10.4 PRINCIPAL ELEMENTS OF R&QA PROGRAM 

10. 4. 1 ANALYSIS OF MISSION PROFILE. Analysis of demands on equipment 
and astronauts during each phase of the mission enable:-; capabilities to be in­
corporated in the design which permit the crew to abort safely when a dangerous 
condition is suspe.:ted, or to continue the normal mission in an alternate mode 
if safety is not involved but equipment is not operating properly. 

10. 4. 2 PERFORMANCE OF FAILURE MODE AND EFFECTS ANALYSIS. This 
procedure requires ( 1) every mode of failure for every component of each ele­
ment of the system to be identified. (2) the consequences of each failure mode 
on the operation of each aHembly, subsystem, and system to be detailed, and 
( 3) those components contributing most to unreliability to be identified and ranked
according to criticality.

The failu�e effects analyses &Hist the designer in making four kinds of 
decisions: ( 1) redesign to eliminate the failure mode, (2) redesign to eliminate 
the consequences of the failure mode if it cannot be eliminated, ( 3) concentration 
of development and qualification effort on these areas shown by the analyses to 

have the most serious consequences, aud ( 4) provision for alternate or redundant 
modes of operation. 
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10. 4. 3 QUALITY ASSURANCE. Contro�s. covering design activities, appro-
priate management policies, purchased or fabricated articles, government
furnished property, inspection-measuring and test equipment, packaging-handling
and shipping of articles, will be e1tablu.bed and maintained to ensure performance
to contractual requirements. Adion will be Ulken to ensure non-conforming
material will not become a part or Saturn 1B flight hardware.

10. 4. 4 PERIODIC DESIGN REVL£W. A !i)"ilternatic design review of each
flight critical item is performed using camprebensive check lists, the failure
mode and effects analyses, crlticallty :ratings. and reltability predictions. These
tools enable the designer to revtc,: .. the dealgn approach for problems not un­
covered in previous analyses. Act.ions will be taken as appropriate to overcome
deficiencies noted.

!O. 4. 5 SELECTION OF RELIABLE PARTS, MATERIALS. AND COMPONENTS, 
Parts and materials previously proved reUable in other missile and space pro­
grams will be selected from preferred parts lists and tested to make certain they 
are satisfactory for the Saturn IB Program. NASA-wide failure reports will be 
used by the Centers and their contractors to ensure that types of failure already 
encountered will not be repeated. 

10. 4. 6 TESTING OF EQUIPMENT AND SU�YSTEMS. It is Saturn IB Program 
policy to achieve maximum reliability for a given amount of funding by broadening 
and extending engineering, development, and qualification tests so that reliability, 
as well as performance, criteria are met. 

Ground test programs are planned to determine points of potential failures, 
establish strength margins, and determine functional capabilities in the space 
environments to which equipment wlll be subjected. Drop, vibration, and shock 
tests, and combined temperature and vacuum tests are examples of the kinds of 
environments in which Saturn IB equipment must perform successfully. General 
requirements for Apollo testing are contained in the Apollo Test Requirements 
Directive, NPC 500-10. Test plans for demonstrating compliance with these 
requirements are reviewed by Reliability and Quality Assurance personnel at 
appropriate levels to ensure integration of reliability objectives. Test results 
will be made available to Reliability and Quality Assurance personnel at appro­
priate levels for evaluation. Every failure encountered in testing will be studied 
by the designer and compa.-ed with previous failure analyses. Action will be 
taken to eliminate the cause of failure. 

10. 4. 7 ACCEPTANCE CRITERIA. The formulation of acceptance criteria by 
which the various hardware items can be evaluated as suitable for Right and/or 
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manrating is required. ThctJC criteria are prepared in advance of acceptance 
and are incorporated as mileslonee in the Flight Schedules. These criteria 
must be met, or specifically waived. prior to signing the DD 250 at the paint 
of acceptance. Responsibility (or preparution of L�ese criteria and the waiving 
thereof, if necessary. is placed at the project or stage level except in those 
cases where direction of the subsystem is not under the Saturn IB Program 
Office. These criteria, together with waivers, if granted, shall become a part 
of the Certificate of Flight Wnrlliiness ( COFW) in accordance with the Apollo 
Test r.equirements Directive. N PC 500-10. 

10. 4. 8 MISSION SUCCESS AND CREW SAFETY. The primary criterio .. 
governing the design of the system ls that of achieving mission success without 
necessitating unacceptable risk of life or permanent serious physical disable­
ment on the part of the crew. Reliability goals and minimum standards of 
mission success are established in accordance with guidelines of the Apollo 
Reliability and Quality Assuranct· Program Plan. Trade-offs in design and 
performance will be made lo establish required use of redundancy, including 
alternate or backup equipment. to meet the mission goals within the program 
constraints of time, cost, and wei&bt, Redundancy shall be considered in 
eliminating single-point failures which might result in the loss of mission or 
crew. 

10. 4. 9 QUANTITATIVE ASSESSME.NT. Probabilistic models for reliability 
prediction, apportionment. and Ufleil•ment of the Saturn IB Program reliability 
during all phase J of design and development wtll be developed and utilized. In 
addition, reliability data assoctak'!d ,\Ith hardware testing and operational use 
shall be assimilated and correlated wilh pr�tous predictions to eyaluate pro­
gress in goal achievement. Specific uses or the models by engineering personnel 
shall include: 

a. Guide to feasibiUty dewrmtnalion.

b. Basis for system design modification or reallocation of requirements
and/or resources. 

c. Means of comparing alternaltve configurations or missions,

d. Aid in the establishment or maintenance of logistic concepts,

e. Indicator in evaluation of equipment design,

f. Warning of the existence, of data !imitations,

g. Aid in establishing acceptance criteria.
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10. 4. 10 QUALITATIVE ASSESSMENTS. Quantitative assessments are lndie;a­
tive of the inherent design reliability and do not consider the effects of factors
such as human induced failures, poor workmanship, or short cuts taken to meet
schedule. Test data used for quantitative assessments is limited. For these
reasons, qualitative methods must also be employed for engineering e\.·atuation.
The effectiveness of the total reliability and quality assurance program is eval­
uated by means of continuous surv�illance and periodic audits.

10. 4. 11 FAILURE MALFUNCTION REPORTING ANALYSIS AND CORRECTIVE

ACTION. A data system will be used by the Centers and contractors to record
all discrepancies nr.d failu1·es with appropriate analysis and corrective action
taken. This information will be made available to cognizant organizations par­
ticipating in the Apollo Prog:::-am together with appropriate follow-up on actions
pending.

10. 4. 12 STATUS REPORTING AND AUDITING. Periodic Reliability and Quality
Assurance Status Reports from the various Saturn IB organizational levels (i.e. ,
subcontractors to contractors, contractors to Centers, Centers to Headquarters)
are required. The amount of detail in each report shall be compatible with the
decision-making authority of the next higher level.

Periodic: summary reports of reliability and quality actions are prepared 
for NASA management to pro\'ide progress information and problem area recom­
mendations. Auditing will be performed at intervals to determine how well the 
next !ower level is canying out its responsibilities. 

10. 4.13 TRAINING. Adequate training in Reliability and Quality Assurance re­
quirements and applications will be provided to all organizations requiring it. 
The fabrication. sub-assembly, final assembly, checkout, and test of haruw.re 
for research and development progrnms necessitates care and precision in each 
operation. Poor workmanship is intolerable. A comprehensive training and 
certificaUon program for equipment operators is an essential part of the efforts 
of the Centers and their contractors. 

10.5 PROCEDURES FOR IMPLEMENTATION AND CONTROL 

The J)()licics. requirements, and disciplines stated in the above para­
graphs shall be implemented by the cognizant Saturn IB organizations. Con­
tractors' Reliability and Quality Assurance Plans shall contain milestone schedules 
for im1>lementaUon or major activities under Reliability and Quality Assurance 
cognizance. Certain Reliability and Quality Assurance key events established 
in the Apollo Reliability nnd Quality Assurance Program Plan, shall be renected 
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in the Manned Space Flight Schedul�s. The scheclules will be set 1tO that

Reliability and Quality Assurance milestone events are phased in conaonance 
with hardware events. 

10.6 RELIAmUTY AND QUALITY ASSURANCE CONTROU 

Reliability and quality assurance controls shall be exercised through: 

a. Establishment of requirements in, and review of, control docu­

ments such as program plans and procurement actions; 

b. Assessment of mission success and crew safety against a-■i�
goals for selected hardware systems and mission phases of the Apollo Program 
through ndssion model analysis; 

c. Establishment of status reporting ( including key events and trend

indicators) or progress ira achieving Reliability and Quality Assurance require­

ments at intervals from contractor to Center, GA to Center, and Center 1D MAR; 

d. Performance of periodic surveillance and monitoring or Reliability
and Quality Assurance activities performed by the various parttcipanta of the 

Saturn IB Program; 

e. Assessment of test results for conformance witlt. eatabUisbed
qualtftcatton and acceptance criteria. 
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SECTION 11 

SAFETY 

Th.h, erecUon ls not applicable to the Saturn 1B Program. 
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12. 1 INTRODUC'I10N 

SECTION 12 

TEST PROGRAM 

12. 1. 1 GENERAL. The Saturn 1/IB test program provides the means to es-
tablish the highest possible degree of engineering confidence in the performance
of launch vehicle hardware and associated ground support equipment commen­
surate with budget and schedule constraints. This section summarizes the teat
program being conducted on the Saturn IB Launch Vehicle. The purpose of the
test program ls to develop and demonstrate, through extensive ground te■Ung
and limited flight testing, the operational capability of the Saturn IB Launch

Vehicle. Ground tests are utilized whenever possible to minimize the number
and cost of development fiigbt tests.

12. 1. 2 GROUND TEST PROGRAM. The Ground Test Program is outlined in
the Saturn lB Ma■ter Teat Plan and the series of subordinate detailed te■t plan■.
The ground teet prop-am la oriented to verify the integrity of hardware de■ign 
and material.a. qualify p;roduction hardware and conduct sufficient acceptance 
and obocko.al INU&ll lo vvrify oper11Uonal readiness. The "Building Block" 
pblloaoplly of pound nung. l. e. , testing at piece part, component, sub­
system, ■tap ud vetlJclc! levela, l8 generally followed where possible. 'lbe 
ground teat pl'Op'l\ffl t. 1R1Jnmarlzed ln Table 12-1. 

12. 1. 3 [UOBT TB8T PROGRAM. Th€ FUe,rt Test Program is outlined in the
Saturn 1B Muter Tnt Plan and the Apollo Flight Mission Assignments Document,
M-D MA 500-U. FUpt lleaUng utilizes the "all-up" philosophy and its purpose
is to pTovlde a blp depee of confidence in the launch vehicle for man rating.
The flight teat prop-am baa been designed to yield this confidence with a mini­
mum of unmanned fiipta. It is planned that critical flight hardware be verified
by flight teaUag prlor to uae on a manned fligh t. 

12. 2 RESPONSIBIUnES 

12. �- 1 SATURN IB PROGRAM OFFICE. The Saturn IB Program Manager has 
the overall reepon■tblllty for the Saturn IB test program consistent with the re­
quirements of the Apollo Program Level I documentation. The following Saturn 
IB stage and staff offices have been assigned responsibilities in conjunction with 
the planning and implementation of the Saturn IB test program. 
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.... 

N I 

ELEMENT 

s-m 

S-IVB

TABLE 12-I. SATURN IB GROUND TEST PROGRAM SUMMARY 

RESOON-
SIBLE TEST 

TEST(S) TEST SITE(S) AGENCY CONDUCTOR 

Qualification MSFC, Michoud MSFC .MSFC, CCSD 

Structural MSFC, Michoud MSFC MSFC, CCSD 
ReUabllity Demonatration MSFC, Midhoud MSFC MSFC, CCSD 

Dynamic MSFC MSFC CCSD 

Acceptance Michoud MSFC CCSD 

Acceptance Firing MSF'C MSFC MSFC, CCSD 

FaclllW Checkout KSC MSFC, KSC KSC

L/V Checkout KSC ( Complex 34 & 37B) MSFC KSC 

Qualification Huntington Beach, MSFC DAC 
Santa Monica 

Struct ural Huntington Beach MSFC DAC 
Reliability Demonstration Huntington Beach MSFC DAC 
Dynamic MSFC MSFC MSFC 
Acceptance Huntington Beach, MSFC DAC 

SACTO 
Battleship SACTO MSFC DAC 
Acceptance Firing SACTO MSFC DAC 
Facilities Checkout KSC MSFC,KSC 
L/V Checkout KSC (Complex 34 & 37B) MSFC KSC 



.. 

r-., 
I 

c.n 

ELEMENT 

Instrument 
Unit 

TABLE 12-1. SATURN IB GROUND TEST PROGRAM SUMMARY ( Concluded) 

RESPON-
SIBLE TEST 

TEST(S) TEST SITE(S) AGENCY CONDUCTOR 

Qualification Huntavllle. Owego, etc. MSFC MSFC, IBM, etc. 
Vibration MSFC (Wyle) MSFC Wyle 
Reliability Demon■tratk>n Huntsville, Owego, MSFC MSFC, IBM, CCSD, etc. 

CCSD, etc. 
Structural MSFC ?tlSFC CCSD 
Breadboard MSFC MSFC CCSD 
Dynamic MSFC MSFC CCSD 
Acceptance MSFC MSFC IBM 

Facilities Checkout KSC MSFC,KSC KSC 
L/V Checkout KSC ( Complex 34 & 37B) MSFC KSC 



12. 2. 2 SATURN IB TEST OFFICE. The Saturn IB Test Office is  responsible
for ( 1) coordinating the establishment of the Saturn IB ge 1eral and detailed test
plans and test requirements; (2) monitoring and evaluating test performance and
launch vehicle checkout; and ( 3) establishing and maintaining the Saturn IB

Master Test Plan for the launch vehicle and associated ground support equipment
in accordance with the program requirements.

12. 2. 3 SATURN IB STAGES, INSTRUMENT UNIT 
I 

AND GSE OFFICES. These 
offices are responsible to the Program Manager for the conduct of all Saturn IB 

tests in the area of their responsibility. They direct the �tage and GSE test 
program to ensure completion in a timely manner compatible with the overall 
program requirements. 

12. 3 TEST CONT ROL DOCUMENTATION 

Control documentation for the Saturn IB Program consists of the 
following: 
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Level I 

Apollo Program Development Plan 

Apollo Test Requirements 

Apollo Program Specification 

Apollo Flight Minion Assignments Document 

Apollo Configuration Management Manual 

Level ll 

Saturn ID Project Development Plan 

Saturn ID Muter Test Plan 

Level m

Stage General and Detailed Test Plans 

Contractual Documents 

Contraclor Specifications 



12. 4 GROUND TEST PROGRAM 

The ground test program for the Saturn IB Launch Vehicle is outlined 

below and in Table 12-1. The test a�tivity provides for extensive testing of com­
ponents, sub-systems, coroplete stages, and launch vehicles to achieve a high 

degree of confidence and to insure the flight readiness of the stages and vehicles. 

12. 4. t STAGE LEVEL TESTS 

12. 4. 1. 1 S-IB STAGE. The S-IB Stage Ground Test Program is defined in the
Saturn S-IB Stage Test Plan, dated January 14, 1966. The plan has been written
to conform to paragraph 6. 2. 4 of  the Apollo Test Requirements, NPC 500-10.
The S-IB Stage testing consists primarily of the following test categories:

a. Specific Ground Teats (Development Tests)

b. Qualification Testa

c. Reliability Tests

d. Acceptance Teats

e. Checkout

12. 4.1. 2 S-IVB STAGE. The S-IVB Ground Test Program is defined in the
Saturn S ... IVB General Test Plan dated December 1, 1965, Douglas Report 
Number SM-41412. The S-IVB Stap Ground Tests include at present six 
areas of test activities. 

a. Research

b. Development Testing

c. QualificaUon Testing

d. Production Testing

e. Flight Testing

f. Formal Qualification Tet1ting

12. 4.1. 3 INSTRUMENT UNIT. The ln1ttrument Unit Test Program is defined 
in the Instrument Unit General Te■t Plan, dated October, 1966. The planned test 
programs provide for ground te1Uq of piece parts, components, sub-systems, 
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complete systems and modules to achieve a high degree of confidence that the 
design is adequate oofore committing the hardware to flight. The Instrument 
Unit Ground Tests are composed of the following phases: 

a. Development

b. Qualification

c. Reliability

d. Acceptance and Checkout

e. Flight Test Program

12. 4.1. 4 ,!JROUND SUPPORT EQUIPMENT. GSE is divided into two sub­

di visions, ESE ( Electrical Support Equipment) and MSE ( Mechanical Support
Equipment). The Test Program for �E is described in detail in two documents:
ESE General Test Plan, dated May 1965, and the MGSE General Test and
Documentation Test Plan No. 10M018U, dated March 23, 1966. The GSE Test
Program consists of the following:

a. Development Tests

b. QuaUficaUons Teats

c. Acceptance Tests

12. 4- 2 VEHICLE LEVEL TESTS

12. 4. 2. 1 DYNAMIC TEST PROGRAM. The Saturn IB Dynamic Tests are
follow-on tests for the Saturn I Program made necessary by •1ehicle configuration
and mission changes, The vehicle dynamic Right characteristics of structural,
guidance, and flight control system desilPl must be verified prior to flight.
Details of the Saturn IB Dynamic Test Program are contained in the following
documents:
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a. The Saturn IB Master Test Plan

b. Test Operations Plan, January 28, 1965

c. Test Requirements Document, February 8, 1965



12. 4. 2. 2 FACILITIES TEST PROGRAM. The primary purpose of the facilities
checkout is to insure the maximum degree of reliability and system compatibility
between the vehicle and launch facility prior to the operational usage date of the
complex. The facilities checkout wlll inc1ude handling and erection of the Saturn
IB vehicle, verification of all connections to the launch GSE, operation of pneu­
matics, operation of the propellant loading systems, and environmental control
system.

Delays in the facility modifications to Complex 34 and a portion of its 
associated GSE required that the Facility Test Program be revised to protect 
the SA-201 planned launch date. A revised facility checkout plan in conjunction 
with SA-201 Pre-Launch Chetikout plan has been formulated. A summary of 
these plans is contained in the Saturn 1B Master Test Plan. 

12. 4. 2. 3 EDS GROUND TEST PROGRAM. The EDS Ground Test Program is 
designed to provide the maximum practicable assurance that the Emergency 
Detection System and its components will operate in flight as needed and will 
not provide false abort signals. 

The EDS Test Program consists of three phases: 

Phase I 

Phase II 

Phase Ill 

Component Qualification Tesl 

Component Reliability Demonstration Test 

EDS Breadboard Facility 

12. 5 FLIGHT TEST PROGRAM 

The Launch Vehicle Flight Test Program consists of development and 
subsequent verification flight tests of launch vehicle systems, sub-systems and 
components. Overall Apollo Flight Teat Requirements nre specified by the 
Apoll� Flight Mission Assignments Document, M-D MA 50 0-11, which defines 
each individual mission and establishes its primary objectives and vehicle con­
figurations. Section 9 of this Saturn 1B Launch Vehicle Project Development 
Plan summarizes the mission assignments for the Saturn IB Flight Program. 

The unmanned SA-201 and SA-202 launch vehicles will provide research 
and development flight test data in support of the follow-on Saturn IB manned 
flights. The SA-203 unmanned vehicle wtll provide research and development 
flight test data in relation to the dynamics of liquid hydrogen under zero G en­
-,ironment as well as verification of the operational Saturn IB launch vehicle 
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configuration. The SA-204 and subsequent launch vehicles are currentiy plaMed 

as the operational launch vehicles for use in the remainder of the Saturn IB 
Program. Detailed objectives and responatblUUes are outlined for each mission 
in the MSFC Flight Mission Directive for that individual mission. Within the 
Mission Directive, vehicle configuration 1s described and referenced, flight 
trajectories, data acquisition and insb,unentatfon requirements and detailed 

documentation requirements necessary to meet launch vehicle mission objectives 
are def\ned for overall test planning and control. 
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SECTION 13 

ACTIVATION OF LAUNCH SITE FACILITIES AND EQU!PMENT 

This section is not applicable to the Saturn IB Program. 
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14.1 ORGANIZATION 

SECTION 14 

MSFC MISSION OPERATIONS 

An .MSFC Mission Operations Office has been established to plan, co­
ordinate, and direct from one single centralized point all activities involved 
with accomplishing MSFC's mission operations role pertaining to manned and 
unmanned launch vehicles during space flight mission, flight tests or similar 
operations. The manager r,f this office reports directly to the Director, In­
dustrial Operations, and represents MSFC in mission operations reviews and 
assessments, and in specific cQC\rdination groups such as the Operations Man­
agement Group and the Flight Operations Panel. Figure 14-1 shows the organ­
ization of the MSFC Mission Operations Office. 

14. 2 DOCUMENTATION 

ThP MSFC Apollo/ Saturn Program Operations Plan has been published 
to identify, define, and document the mission operations activities which are to 
be performed under the direction of MSFC in Apollo Programs. This plan ls 
required by the Apollo Program Development Plan (NPC C500) to identify the 
operations activities performed under the direction of MSFC in the Apollo/ 
Saturn program. 

14.2.1 SUBSIDIARY DOCUMENTATION 

14.2.1.1 GENERAi� In order to accomplish the Mission Operations activities 
of the Saturn program successfully, the following subsidiary operations docu­
mentation will be prepared as a requirement of the MSFC Apollo Program Oper­
ations Plan. The MSFC Mission Operations Office is responsible for the prep­
aration, coordination and documentation of all subsidiary documentation. 

14. 2.1. 2 SUPPORT REQUillEMENTS OOCUMENTS. Program Support Require­
ments Documents are submitted by MSFC for each program to identify each
Saturn launch vehicle's operational support requirements. These documents
are initially submitted to OSRO, approximately two years prior to launch. as
MSFC inputs to the overall support requirements documentation, and are con­
tinually updated as required.
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14. 2. 1. 3 LIEF OPERA TIO NS PLAN. The LIEF Operations Plan describes the
activities associated with the Launch Information Exchang� Facillty ( UEF)
operations for each mission. The approximate release date of this document is
1 to 3 weeks.

14. 2.1. 4 NON-MSFC DOCUMENTATION • The following major operations
documentation published by other NASA Field Centers require MSFC Mission
Operations Office inputs, review, and/or concurrence:

MSFC Flight Operations Plan 
Launch Mission Rules 
Flight Mission Rules 
Mission Rules Guidelines 

14. 3 PRE�MISSION PERIOD 

The pre-mission period is the period from mission inception or definition 
of primary mission objectives until successful completion of the Flight Readi­
ness Review. 

14.3.1 ORGANIZATION. During the pre-mission period all mission operation 
tasks are performed within MSFC by the appropriate line organization and co­
ordination panels according to assigned functions. The following Sections briefly 
describe the major orpnizatlon:.l relationships in the area of mission operations. 

The MSFC Mission Opemtions Office is responsible for all mission 
operations planning for the center and serves as the focal point for the coordi­
nation and issuance of Operations Support Requirements and all Mission Operations 
Documentation. The office coordinates the selection and placement of all MSFC 
mission operations support personnel, the MSFC flight controllers at MSC, and 
all MSFC contractor mission support personnel to be deployed during the mission 
period. In addition the MSFC Representative to OSRO reports to the MSFC 
Mission Operations Office. The MiBBion Operations Office is also responsfole 
for the planning and utillzation of MSFC MiBBion Operations Facilities (e.g., 
LIEF) , the conduct of MSFC Mission Operations, and MSFC participation in 
mission operations reviews. 

The primary interface between the Saturn IB Program Office and the 
Mission Operations Office ls the Flight Operations Office. Mission operations 
activities which affect the program resources, schedules, plans, requirements, 
or commitments are coordinated with the Saturn IB Program Office through the 
Flight Operations Office. 
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14.3.2 INTERFACE WITH OPERATIONS SUPPORT REQUIREMENTS OFFIC� 
( OSRO) . The Mission Operations omce coordinates and compiles the MSFC 
Program Support Requirements and is responsible for their transmission to 
OSRO. Program Support Reqr l -:ements for MSFC include: Ground Support 
Instrumentation; Facilities, Materials and Services; Recovery; Meteorological; 
Medical; Public Affairs; Pre-launch Tests; and Operational Computer Program 
requirements. The requirements are combined with the assistance of the OSRO 
center representatives into a single coordinated MSF document and forwarded 
through the Mission Operations Director and Program Director to the Associate 
Administrator for Manned Space Flight. Finally, support plans and budget 
requirements are prepared by the implementing agencies or Centers and re­
viewed by OSRO. After approval by the Associate Administrator through the 
Mission Operations Director and Apollo Program Director, implementation 
directives are issued by OSRO. 

14. 3. 3 FLIGHT CONTROL ACTMTIES AT MSC. By Agreement of the Direc­
tors of the Manned Spacecraft Center ( MSC) and the Marshall Space Flight
Center (MSFC) the MSFC Flight Control Office (MSFC/1-MO-F) ha,s been

established and ls located at MSC. 1-MO-F is an element of the MSFC Mission

Operations Office, responsible to represent and commit MSFC at MSC wring
the pre-mission periods, within program constraints and est:-:.blished MSFC
policy, in technical matters concerning flight control of the MSFC designed
Launch and Space Vehicles primarily designated for the Apollo program.

The MSFC/1-MO-F participates in the MSC pre-mission planning and 
preparation activities and ensures that MSFC ls properly represented in the 
following areas: 

( 1) Launch Vehicle Mission Control Facilities at the Mission Control
Center-Houston. 

( 2) Launch Vehicle Mission Control Vehicle System measuring programs.

( 3) Lau.,ch Vehicle fiight control mission rules based upon MSFC/ MSC
agreed criteria. 
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( 4) Mission control documentation.

( 5) Mission control operational problems.

( 6) Launch Vehicle flight controller qualification training and simulation.



14.3.4 LIEF MANAGEMENT 

14. 3. 4.1 GENERAL. In order to provide operations support to KSC in launch
vehicle checkout and launch operations, to MSFC in launch vehicle flight oper­
ations, and to MSFC post-flight engineering evaluation, MSFC will maintain
and operate the Launch Information Exchange Facility , LIEF) • LIEF will ln-
c lude (a) communications terminal facilities in the MSFC Laboratorles for ex­
change of design data, checkout computer programs, checkout test data, and
related information; ( b) the Huntsville Operations Support Center ( HOSC) , a
central support facility for real time exchange and display of data during pre­
launch tests, launch operations, and flight operations; and ( c) a central com­
mwlications switching and confe1·eneing facility with communications lines for
voice, data, facsimile, and video particularly to KSC but also the MSC and GSFC.
For more detailed information on the UEF purpose, scope, and facllities,
reference ls made to the Launch Information Exchange Facility ( LIEF) Technical
Plan, prepared jointly by MSFC and KSC and issued July 10, 1964.

14. 3. 4. 2 OPERATIONS OFFICE. The Operations Office (I-MO-O) ls respon­
sible for the overall planning, funding review, scheduling, and cor.trol of LIEF.
This office ls an element of the Mission Operations Office and will review re­
quirements placed on LIEF, established plans for their implementation, and 
direct all HOSC operations. It also coordinates and establishes requirements
upon other NASA elements for operations of LIEF.

Specifically, the Operations Office ls responsible for: 

( 1) Evalu.:itlng present and future needs for LIEF support functions
and insuring facilities to supply those needs. 

(2) Preparing LIEF operations plans to control support for specific
missions. 

( 3) Coordinating the assignment and utilization of MSFC personnel for
LIEF operations. 

( 4) Performing post-mission critiques of LIEF operations and accom­
plishing actions to improve economy and efficiency of operations. 

H. 3. 5 REQUmEMENTS OFt•1CE. �e Requirements Office (1-MO-R) ls re­
sponsible for the contro1, ccordlnatlon and analysis of MSFC and contractor
operations support requirements. Thia office ls an element of Misslor; Operations
Office and submits Program Support Requirements documentation to OSRO.
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Specifically the Requirements Office is responsible to: 

(1) Analyze MSFC operations support requirements.

( 2) Coordinate MSFC and contractor operations support requirements.

( 3) Perlorm s.nd coordinate overall nC!twork planning.

( 4) Coordinate and establish onboard tracking system requirements.

( 5) Insure data delivery and adequacy.

( 6) Coordinate arld issue MSFC post mission support critiques.

14. 4 MISSION PERIOD

The mission period extends from the end of the pre-mission phase through 
recovery and prellminary post-flight activities. 

The mission period begins with suc-cessful completion of .the Flight Readi­
ness Review. The deployment of personnet to the operating sites for the mission 
period may vary between missions, depending on the personnel function and the 
geographical location. However, the deployment normally occurs subsequent 
to the Mission Director's determination that the operations organization and the 
flight and ground equipments are able to meet a scheduled launch date. 

14. 4. 1 ORGANIZATION • The MSFC Mission Operations Organization and its 
interface with the Apollo Mission Period Organization is shown in Figure 14-2.
The Apollo Mission Period Organization Structure ls taken from Section 14 of the
Apollo Frograw Development Plan and shown only partially as required.

The MSFC Launch Vehicle Representative ls appointed by MSFC manage­
ment for a specific mission and ls the official MSFC spokesman to the latmch 
Director and the Launch Vehicle Test Conclllctor in any matters affecting launch 
vehicle systems. 

The MSFC LIEF Operations Manapr ls assigned by the MSFC Mission 
Operations Offlc6 and ls responsible for the conwct of all support operatlou 
from MSFC, Huntsville, He la responsive to the Launch Vehicle Test Conmctor 
and the MSFC launch Vehicle RepreeentaUve In all launch operatiou support 
activities. During the Flight Period, he 18 reapouive to and is the MSFC point 
of contact for the Booster System Engineer at the Mlulon Control Center, 
Houston (MCC-H). 
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During the Mission Period the Launch Vehicle Program Manager continues 
to be responsible for configuration control. He has access to the MSFC operational 
support organization through the LIEF Operations Manager. 

The Booster Systems Engineer ( BSE) and the supporting S-IVB/IU Flight 
Controllers are assigned for flight control functions to the Flight Director by the 
MSFC Mission Operations Office as required. These assignments are subject to 
approval by the Flight Director. 

The MSFC Launch Te'\m Members and on-site support personnel provide 
technical support for vehicle .. ,ystems to the Launch Vehicle Test Conductor as 
required by the Launch Operations Organization. 

For non-Apollo Missions and payloads or experiments ul)der MSFC 
management, modifications to the depicted Apollo Mission Operations Organi­
zation may be required on an individual mission basis. 

14. 4. 2 OPERATIONAL SUPPORT TO KSC. During the Mission Period, MSFC
supports the Launch Director for configuration control and other engineering
aspects of hardware and software which MSFC provides for the mission. Because
of the time element involved during the final phases of operations, fast response
to any KSC requirements is necessary.

Technical support at the launch site is provided by MSFC upon request by 
KSC. This includes participation in major mission period tests and the launch 
countdown. In addition, all technical resources of MSFC are available to KBC 
through the Launch Information Exchange Facility. 

14. 4. 3 FLIGHT CONTROL ACTMTIES AT MSC AND MSFC SITES. Participat­
ing MSFC flight control personnel at MSC are responsible for the following real
time activities during the mission period at the indicated locations:

a. Mission Control Center - Houston ( MCC-H)

( 1) Mission Operations Control Room (MOCR)

( a) Monitor Saturn launch vehicle operating systems during
launch phase, report results of malfunctions to Flight Director and execute 
corrective acUon regarding time critical functions, and submit recommendations 
regarding conditions requiring coordinated action of the MOCR flight control team. 
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( f>) Monitor crew safety systems during launch phase, take 
action for 111alfunctions that are time critical. and submit recommendations to 
the flight director. 

( c) Monitor S-IVB/IU stage systems during earth orbit and sub­
mit recommendation for major go, no-go situations regarding major mission 
events. 

( d) Perform earth orbital vehicle systems checkout in prepara­
tion for translunar flight of the Saturn V configu1,ition. 

(2) Staff Support Room (SSR)

The Staff Support Room provides a real time support to the Boos­
ter Systems Engineer ( BSE) in the MOCR. Support is provided by vehicle systems 
specialists who provide detailed system analysis which would .require gross 
amounts of data or excessive time. The SSR is supported by the KSC Launch 
Support and the Huntsville Operations Support Center ( HOSC) in the following 
S-IVB/IU vehicle systems:

(a) Guidance, Navigation, and Digital System
( b) Attitude Control and Stabilization System
( c) Propulsion System
( d) Electrical Network System

( 3) Manned Space Flight Network ( MSFN)

MSFC flight controllers will be deployed to remote sites of the 
MSFN as required on a mission by mission basis to monitor overall S-IVB/ IU 
operation. They will normally assist the remote site team leader in aspects of 
S-IVB/IU flight control. In case:;; of communications failure between MCC-H and
MSFC remote site, the remote site S-IVB/IU flight controller will take independ­
ent action within the limits of the flight control mission rules and flight operations
procedures.

t 4. 4. 4 LIEF SUPPORT 

14. 4, 4.1 SUPPORT FUNCTIONS

14. 4. 4.1.1 GENERAL. MSFC will utilize the Launch Information Exchange
Facility ( LIEF) to support KSC in pre-launch checkout and launch operations, to
support MSC in flight operations, and for MSFC postflight engineering evaluation.
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14. 4. 4.1. 2 SUPPORT FUNCTIONS TO KSC. The following support funcUona
will be provided to KSC:

( 1) Monitor and evaluate vehicle response to pre-flight wind m�surementa.

( 2) Locate persoMel for any teleconference required.

(3) Advise on unexpected and off-nominal vehicle conditions.

( 4) Advise on effect and remedy of malfunctions.

( 5) Amend incomplete launch Instructions.

(6) Respond to range safety problems.

( 7) Advise on impact of measuring and tracking failures.

( 8) Interpret launch restricUons.

( 9) Provide background data on problems.

( 10) Support MSFC personnel in LCC.

14. 4. 4. 1, 3 SUPPORT FUNCTIONS TO MSC. MSFC will utilize LIEF to provide 
the following support funcUons to the Saturn launch Vehicle Flight Control Team 
at MCC-H: 

( 1) Answer detailed tec:hnlca.l quuUons concerning systems operaU,.>n
originating with the Saturn Booater Sya&ema Engineer ( BSE) or his supporticl 
staff ln the Staff Support Room (88B). 

(2) Recommend alternate waya of mission performance in case of partial
failure. 

( 3) Point out polentially ctan&erous vehicle developments based on data
monitoring and analyala. 

( 4) Comment on validity of "no-go" indications.

( 5) Confirm key openUoaal decisions (e.g. , validity of guidance in•
dlcaUons). 
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14. 4, 4. 1, 4 !,UPPORT MSFC ENUU!t�tw«J 'l.JGHT EVALUATION. MSFC
engineering evaluation pe� wilt uUU.1e LlEF to perform real time monitor­
ing of launch vehicle probJema � lii.trmiul countdown and of flight test data.
Based upon this monitoring M prelimlm.ry •••cesment of flight success and
identification of problem lll't'U w-lU be mlldc and priorities assigned in data de­
livery, data reducU�; and f)Nt-W� Ulllysls.

14. 4. 4. 2 LIEF SUPPORT ORGANIZATION, The launch vehicle operations sup­
port organization during miHlon perioos is shown in Figure •.. -3. MSFC line
organizational responsibiUUcs arc as follows:

( 1) Mission Operations Office ( MO)

The Mission Operations Office will direct and coordlnal;e LIEF operations 
to insure timely and authoritative response to KSC-MCC support requesta and 
proper functioning of communications, display, and other support facUWu. Tbe 
Mission Operations Office will assign the LIEF Operations Manager, wlk,j wW be 
responsible for conduct of all support operations. 

( 2) Technical Laboratories and Program Offices

The MSFC Technical Laboratories and Program Offices will provide 
systems support engineers and management representatives as required for 
performance of support functions, and operate any laboratory facllltles re­
quired in support of operations. 

( 3) Flight Eyaluation Working Group

The Flight Evaluation Working Group will assign evaluation personnel 
for real time fltght monitoring and coordinate LIEF real time mission assessment 
activities with the post-night engineering evaluation. 

14. 4. 4. 3 MISSION ASSESSMENT. A preliminary assessment of launch vehicle
mission succass and problem areas will be made immediately post-flight by LIEF
operetions personnel baaed on real time data monitoring. This report will be
issued by the LIEF Operations Manager and transmitted to the Mission Director

as required.

The Mi&Sion OperaUona Office will perform a post-mission critique of 
UEF operations and make recomme.ndations for conduct of subsequent missions. 
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SECflON 15 

MISSION TRAINING 

This section is not applicable to the Saturn 1B Program. 
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16, 1 SCOPE 

.,. 
:_ . ._, 

SECTION 16 

RELATED PROORAMS 

This section describes those actlvitfoa which are not a part of the Saturn 
IB Program but which are expected to contribute signlllcant information to aid 
in accomplishing the Saturn IB mlaalons. B1.alcally t three programs contribute 

the bulk of data needed for Saturn m encf�.1rlng decisions: the Saturn I Pro­
gram, the Saturn V Program, and the related Engines Program. However, in 
addition, the requirements imposed on the Saturn m launch vehicle·by the Apollo 
spacecraft payload must be considered. This section also considers information 

resulting from the Saturn m Program which may be useful to other programs 
and to the scientific community at large. 

16. 2 RESPONSIBILITIES 

To assure timely, yet economical, accomplishment of the objectives of 
the launch vehicle portion of the Apollo Program,efficient channels of communi­

cation must exist among the Saturn I, the Saturn IB, the Saturn V, and the 
Engines Program Managers. These channels are in existence, and a close 

working relationship has evolved at all level� among these Program Offices. 
Each of these Program Offices is in proximity to the others at Marshall Space 
Flight Center. 

With respect to the Apollo spacecraft interfaces to the Saturn IB launch 
vehicle, the Saturn IB System Engineering Office is responsible for coordination, 
interpretation, and dissemination of the required data, 

16. 3 INPUTS TO SATURN IB 

16. 3.1 GENERAL. This section briefly discusses programs which provide
data or hardware needed for the Saturn m Program.

16. 3. 2 SATURN I LAUNCH VEHICLE PROGRAM. The Saturn IB launch ve­
hicle draws to a great extent on the knowledge and experience gained in the
Saturn I Launch Vehicle Program. The Saturn IB first stage is an improved
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version of the first stage of the Saturn I. Knowledge gained 1n the S-1 project 
is carried over directly into the S-1B project, as both projects are managed by 
the same project office at MSFC, and CCSD is the contractor for all industry 
built S-1s and S-IBs. The H-1 engines are used for both the S-1 stage and the 
S-1B stage. The S-IV, the second stage or the Saturn I, was built by Douglas
and is similar in many major respecta to the Douglas-built S-JVB of the Saturn
1B and Saturn V. Both the design and the manufacturing techniques used in the
production of the S-IVB rely heavily on large. liquid-hydrogen-fueled stage ex­
perience gained in the S-JV Project. The Saturn IB/V instrument unit design
draws from component and system p11llosophy and design used in the Saturn I
instrument units. Both the Saturn I and the Saturn IB Instrument Unit Projects
are managed by the same Project omce mt MSFC.

16. 3. 3 SATURN V LAUNCH VElllCLE PROGRAM. Much of the development
necessary for the Saturn IB Program ls the responsibility of the Saturn V Pro­
gram; development of Saturn IB-peculiar items on these units is, of course,
Saturn IB Program responsibility. Since these two projects are common to
both the Saturn JB and Saturn V, extremely close working relationships have
evolved between the S-IVB/IB Project Office and the S-IVB/V Project Office and

between the I. U./JB Project Office and the I. U. /V Project Office.

16. 3. 4 ENGINES PROGRAM. The development of the engines required for the
Saturn class of Launch vehicles is the re•ponslbility of the Engine Program Of­
fice. Needed channels of communication have been developed between the Pro­
ject Offices within the Engines Program ud the respective Project OfficeR with

the Launch Vehicle Program Offices. 'lbe H-1 Engine Project Office and the 
S-1/S-IB Project Office have estabUsbed needed communication channels, as 
have the J-2 engine Project Office and the S-IVB Project Office.

16. 4 OUTPUTS FROM SA TURN 1B

Information gained in the Saturn 1B Program will have significant effects 
on phases of both the Saturn V Program and the Apollo Spacecraft Program. The 
Saturn 1B Program will flight-test the S-IVB. the iluttrument unit, and the Apollo 
spacecraft a year before these articles can be flown by the Saturn V vehicle. 
These fitght tests ·will provide design confirmaUon or will dictate necessary de­
sign changes for these articles a year In advance of the date this Information 
could be gained through Saturn V flight teat.a. ID additloo, the Saturn IB Program 
will make possible Apollo crew-tra1nlng mlaaJoaa prior to Saturn V availability 
dates. 
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Technological information on large launch vehicles resulting from the 

Saturn IB Program will be useful to the actenUftc and engineering communities, 

the Department of Defense, foreign programs, and interplanetary programs. 
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time. 

SECTION 17 

ADVANCED �IONS 

This section is not applicable to the Saturn IB Program at the present 
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time. 

SECTION SK 

EXPERIMENTS 

This section is not applicable to the Saturn lB Program at the present 


	SatuIBlaunproj.pdf
	SatuIBlaunproj1_072208120651
	SatuIBlaunproj2_072208120712
	SatuIBlaunproj3_072208120735
	SatuIBlaunproj4_072208120804
	SatuIBlaunproj5_072208120825




