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FOREWORD

This is the ninth semiannual history of the George C. Marshall Space Flight

Center. It covers the period July 1 - December 21, 1964, and records our most

important activities in support of the National Aeronautics and Space Adminis-
tration.

Our principal mission is to develop the launch vehicles for advanced space

exploration. The immediate part of this objective is to provide the Saturn vehi-

cles for manned lunar landing and return, a major national goal before 1970.

If it is true that one studies the past in order to know the future, then we are

confident that this report will be of interest and help to those engaged in space

exploration.

Wernher yon Braun

Director
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PREFACE

EntitledMarshallHistoricalMonograph Number 10, this is the ninth offi-

cial semiannual history of the George C. Marshall Space Flight Center. In the

following pages are described the most historic events at the Center during the
period July 1 through December 31, 1964.

The historical background of the Center's scientific group goes back more

than three decades prior to activation of MSFC and_is related in Marshall Histori-

cal Monograph Number 1 (MHM-1), Historical Origins of the George C. Marshall

Space Flight Center. The story of the Center's first year of operation is contained

in MHM-2, History of the George C. Marshall Space Flight Center: July 1 -

December 31_ 1960, andMHM-3, History of the George C. Marshall Space Flight
Center: January 1 - June 30, 1961. The history of the Center's second year of

operation is contained inMHM-4, History of the George C. Marshall Space Flight

Center: July 1 - December 31, 1961, and MHM-5, History of the GeorgeC.

Marshall Space Flight Center: January i -June 30_ 1962. The history of the

third year of operation is contained in MHM-6, History of the George C. Marshall

Space Flight Center: July 1 -December 31, 1962 t and MHM-7, History of the

George C. Marshall Space Flight Center: January 1 - June 30, 1963. The his-

tory of the Center's fourth year of operation is in MHM-8, History of the George

C. Marshall Space Flight Center: July 1 - December 31_ t963, and MHM-9,

History of the George C. Marshall Space Flight Center: January 1 - June 30, 1964.

Except for MHM-1 our MSFC histories consist of three volumes for each

six months of operation. Volume I contains the text plus an appendix of chrono-

logical events for all the major programs. In Volume II are the unclassified doc-

uments that support Volume I. These documents are referenced at appropriate

places in the text. Volume HI contains classified information and technical pro-

gress reports supporting the program histories in Volume I. Volume HI is not

published for general distribution but is retained in historical archives at MSFC

and at NASA Headquarters in Washington, D. C.

Appropriate portions of this history have been read and approved by the

Center' s Office of Deputy Director, Technical; Office of Deputy Director, Admin-

istrative; Offices of the Chief of Management Services, Purchasing, Financial

_ ........ .I- l_,'_,'-._l_÷_,aea-a Desi_o___, and l_hlblio. Affairs: Offices of Director,

Industrial Operations, and Director, Research and Development Operations; as

well as most of the program offices in Industrial Operations and the laboratories

in Research and Development Operations. While it is impossible to properly
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acknowledge every office or organization that provided data for this study, the
MSFC Historical Office hopesthat the abovelisting contains the names of most
offices thatwere especially helpful. In the spacefield, where history changesso
rapidly anddynamically, suchexcellent liaison is vital to anaccurate interpreta-
tion and recording of spaceexploration.

March 15, 1966
D. S. A., Chief
MSFC Historian
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MARSHALLMI LESTONES
July- December1964

July 13

July 21

In July

August 6

August 24

In August

September 1

The U. S. Army Corps of Engineers, as agent for NASA,

awarded a $17.2 million contract for construction of Position

2, S-IC Test Stand, at Mississippi Test Operations (MTO),

to Koppers Company, Inc.

NASA Headquarters officially named the micrometeoroid

measurement project the "Pegasus" project. It called the

capsules Pegasus A, Pegasus B, and Pegasus C.

The Personnel Office began the position review and evalua-

tionproject (PREP) with a survey of "benchmark" positions.

Thefirst and only static firing of S-1V-9 lasted 398.94 sec-

onds; all test objectives were achieved.

NASA announced that it would purchase 102 additional J-2

engines for Saturn IB and Saturn V vehicles, at an approxi-

mate cost of $165 million.

A long-range road improvement project started at MSFC and

Redstone Arsenal with award of a $512,000 contract.

MSFC notified stage contractors that SA-201 and 202 would

be "lob" missions to test reentry of theApollo spacecraft
heat shield.

Douglas Aircraft Company (DAC) began structural tests of

the _-lv_ stage. The liquid hydrogen (LH2) tank of the

structural test stage ruptured during hydrostatic test as a
result of insufficient weld at seams.

The F-1 Engine Test Stand contractor completed const_actior,

of the facility at Huntsville.



September 18

September 22

September 30

In September

October 6

October 9

October 15

October 28

October 29

The SA-7/Apollo made a highly successful flight, with lift-

off occurring at 11:22.43 a.m. EST, and orbital insertion of

the payload 631.38 seconds later. Missions accomplished

in flight included first demonstration of the S-IV nonpropul-

sire venting system; first demonstration of a fully active

ST-124 guidance system, control rate gyros, and the ASC-

15 guidance computer; and jettison of the Launch Escape

System (LES) by the alternate mode involving both the launch

escape motor and the pitch control motor.

NASA rescheduled Saturn launches SA-9, SA-8, and SA-10

about two months later than planned. This provided additional

development time for the Pegasus payloads.

Major construction ended on the Saturn V Dynamic Test

Facility at MSFC.

Chrysler Corporation Space Division (CCSD) began assembly

operations for S-IB-2.

In its third and final acceptance test S-I-I 0 fired for 149.93

seconds before inboard engine cutoff and then to 154.48 sec-

onds until liquid oxygen (LOX) depletion caused cutoff of

outboard engines. All test objectives were accomplished.

Activation of NASA' s $34 million F-1 engine acceptance test

complex occurred at Edwards Air Force Base, California.

MSFC officials witnessed a readiness firing demonstration

on the three new stands.

Negotiations ended with International Business Machines

Corporation (IBM) concerning the scope of work to be in-

cluded in the instrument unit (IU) lead contract. This con-

tract covered integration of all IU systems and assembly and

checkout of the flight units for the Saturn ]]3 and Saturn V

programs.

The S-II-S stage's aft LOX bulkhead ruptured during hydro-

static pressure test at Seal Beach, California, and was dam-

aged beyond repair

NASA Administrator James E. Webb visited Huntsville and

MSFC to discuss the role of the Center in future NASA pro-

grams.
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In October

November 15

November 19

November 20

November 26

In November

December 11

December 14

December 15

MSFC released all the documentation for redesign of the IU

from the Saturn I configuration to the Saturn IB/V configu-
ration.

MSFC authorized DAC to proceed with design of S-IVB-203

for a prolonged near zero "g" LH 2 orbital experiment.

Construction ended on the Saturn V Barge Dock and Loading

Facility at MSFC.

Kennedy Space Center (KSC) technicians completed erection

of the S-IV-9 and the S-IU-9 atop the S-I-9 on LC-37B.

The S-IV-8 acceptance firing lasted for a duration of 475.8

seconds; all test objectives were achieved.

The first mainstage firing of the single-engine S-II battleship

ended after 2.8 seconds.

MSFC announced the appointment of Edmund F. O'Connor,

an Air Force colonel, as Director of Industrial Operations.

MSFC began modification of the Saturn I Dynamic Test Stand

and the S-I Static Test Stand to support Saturn IB dynamic

testing and static firings.

Rocketdyne Division of North AmericanAviation, Inc. (NAA),

performed J-2 engine preliminary flight rating tests (PFRT)

at Santa Susana Field Laboratory.

NAA's Space and Information Systems Division (S&ID)

achieved a 10-second full-thrust firing of the S-II battleship.

This major milestone completed the single-engine test pro-

gram for *_ ......

The J-2 engine demonstrated its restart capability, a signif-

icant milestone in the engine development program.

MSFC awarded a contract for a major addition to the Pro-

pulsion and Vehicle Engineering (P&VE) Laboratory, Build-

ing 4610.

Construction of the Vertical Assembly Facility at MSFC's

M ichoud Operations ended.



December 18

December 21

December 22

December 23

December 29

In December

MSFCselected14companies for final contract negotiations
to provide support services for sevenlaboratories andthree
offices at the Center.

Fairchild Hiller Companycompleted fabrication and check-
out of the Pegasus A capsule and transferred it for final
checkout to the General Electric plant at Valley Forge,
Pennsylvania.

The Aloha State with its cargo--the S-IVB-D--arrived at

New Orleans. The S-IVB-Dwas transferred to the Promise_

a river barge, for the remainder of its trip to MSFC.

Following completion of modification and checkout of the

S-IB-D/F, CCSD shipped the stage to MSFC for use in dy-

namic tests of the Saturn IB vehicle.

The S-IVB battleship stage successfully completed the initial

full-duration (414.7-second) static firing.

Pegasus A, the first flight capsule, arrived at the launch site

aboard the Pregnant Guppy.

The Center announced that about 100 of 140 employees of a

KSC launch support group temporarily assigned to MSFC

would be transferred to Cape Kennedy in 1965.

Two new telephone services--Federal Telecommunications

System (FTS) and Centrex--went into operation at MSFC.

Also operational was LIEF (Launch Information Exchange

Facility), linking MSFC and KSC.

Rocketdyne completed the F-1 engine flight rating tests

(FRT).
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CHAPTER I: ADMINISTRATIVE HIGHLIGHTS

The Saturn I launch vehicle became operational during the July--December

1964 report period. Highlights at MSFC included the seventh successful Saturn

I flight (SA-7) and significant events in development of Saturn 113 and Saturn V

vehicles. During this period industrial contractors assumed a wider role in

development of rockets for the Apollo manned lunar landing program. As the

production pace quickened, MSFC enlarged its technical management responsi-

bilities while maintaining a vigorous research and development program.

Vehicle Development Progress

NASA launched SA-7 on September 18. This first operational Saturn I

vehicle employed as its booster the seventh S-I stage built at MSFC by govern-

ment personnel. The 39,000-pound payload orbited by SA-7 included a boiler-

plate Apollo spacecraft, a live launch escape system, an instrument unit with

fully active ST-124 guidance system, and an S-IV stage. The successful flight

maintained the perfect record dating from Saturn I's first test flight in October
1961.

The Center and contractors worked toward completion of the Saturn I pro-

gram, which will occur in 1965 with flights of three vehicles carrying Pegasus

satellites as the primary payloads. The final Saturn I first stage built by MSFC

and twoboosters producedby Chrysler at Michoud Operations were scheduled for

the lastthree flight vehicles--SA-9, SA-8, and SA-10. The first Pegasus was at

Cape Kennedy with its launch vehicle (SA-9) when the period ended.

Saturn IB, which will fly Apollo spacecraft in earth-orbital test missions,

drew nearer its firstflight. Chrysler during the period completed the first flight

booster (S-IB-1) and Douglas Aircraft Companv made steady progress in develop-

ment of the second stage (S-1VB-201) of this vehicle. Douglas completed the

dynamic testversionof S-IVB and performed static firing tests of the S-1VB bat-

tleship.

Sa_irnV, the moon rocket, entered the ground test phase. At Huntsville,

and at government and industrial sites across the nation, there were major mile-

stones in development of the Saturn V's three stages and two engine systems.

MSFC neared completion of S-IC-T, the static test stage, and was assembling

structural test hardware and the first flight booster, while Boeing manufactured

5



componentsand other test stages at Michoud. North American Aviation's Space
andInformation SystemsDivision (S&ID) static-fired the S-II stagebattleship and
surmounted second stage insulation and production problems. Douglas, in dual
developmentoftheS-IVB for two Saturn programs, conductedfull-duration firing
of the battleship stage. RocketdyneDivision of North American Aviation, con-
tractor for the F-1 and J-2 rocket engines, delivered several production engines
and completed flight rating tests for the F-l and preliminary flight rating tests
for the J-2.

The improvement of current vehicles and investigations of new missions
and vehicles gave rise to a variety of study programs during the period. More
than 30 study contracts went to industry, while MSFC laboratories pursued a
wide range of investigations. Many of the studies emphasizedpost-Apollo mis-
sions.

Management Activities

The third and final phase of the major MSFC reorganization that began in

1963 was the consolidation of support services contracts. Prior to this change

39 different private firms were providing engineering, fabrication, and institu-

tional support to seven laboratories and three offices at the Center. MSFC an-

nounced in March 1964 that when the old contracts expired new contracts would

be negotiated, with a single firm providing all support services for each labora-

tory and office. From July through September MSFC issued requests for pro-

posals covering these services for the ten Center organizations. Review and

evaluation of proposals and selection of appropriate bidders proceeded through

October and November.

On December 18, 1964, MSFC announced selection of 14 companies with

which negotiations would be made for the ten support contracts. The cost-plus-

incentive-fee contracts, to be effective March 1, 1965, would run for one year at

an estimated cost of $68 million. The consolidation of support contracts was

expected to reduce costs and improve management operations at MSFC. 1

1. Ray Kline, Executive Staff, MSFC, interviewed Jan. 10, 1966; and Public

Affairs Off., Press Release, Dec. 18, 1964.



CHANGESMADE

The Center filled a key managementpost in November 1964with the ap-
pointment of Edmund F. O'Connor as Director of Industrial Operations (IO).
O'Connor, an Air Force colonel, succeededRobert B. Young, who resigned the
IO directorship after oneyear to return to private industry. The IO Director is
responsible for management of all Saturnprogram contracts and for operation
of the government-owned facilities at Michoud Operations and Mississippi Test
Operations (MTO).

The Meteoroid Measurement PayloadOffice of Industrial Operations was
redesignated the PegasusProject Office in October 1964.2

OnDecember ll the Center established the Instrument Unit StageConfig-
uration Control Board - Interim. Friedrich Duerr was chairman and W. K.
Simmons, Jr., co-chairman. 3

Created on October 6, 1964, were two new organizational elements--the
Experiments ReviewBoard andtheExperiments Coordination Office. Theseunits
were established to work with the Manned Space Flight Experiments Board at
NASAHeadquarters. Dr. OswaldH. Langebecamehead of the Experiments Re-
view Board, and Dr. J. P. Kuettner wasnamedhead of the Coordination Office.
Purpose of the new units was to insure maximum participation by MSFC in pro-
posing and evaluating inflight experiments for future rocket flights. 4

In December NASA announcedimpending transfer of a group of Kennedy
Space Center (KSC) launch support personnel temporarily assigned to MSFC by

agreement when KSC became a separate center in 1962. During 1965 about 100

of 140 employees in the KSC Launch Support Equipment Engineering Division would

move from Huntsville to Cape Kennedy.

COST REDUCTION

Cost reduction was a major management goal during this period, in line

with President Johnson's govemmlent-wide economy drive joined by the NASA

2. Memo, Dr. Wernher von Braun, MSFC Director, to Distribution, "Pegasus

Project Office," Oct. 6, 1964.

3. Memo, Manager, Saturn V Instrument Unit, to Distribution, "Instrument Unit

Stage Configuration Control Board - Interim," Dec. 11, 1964.

4. Memo, Dr. von Braun to Distribution, "MSFC Management of 'In-Flight Ex-

periments,' " Oct. 6, 1964.



Administrator. Cost-cutting effort directed by the MSFC Cost Reduction and
ValueEngineering (CRAVE) Office resulted in $36 million savings. This reduc-
tion, resulting from 78cost-saving actions, was more than one-third of NASA's
$100 million savings for the period, s

The Center cut costs in many ways. Methods included motivating em-
ployees to search for innovations, converting costly equipment to new uses, and
finding newmanufacturing techniques. A specific example which resulted in es-
timated savingsof $2. i million, wasinvention of a "magnetic hammer" that would
remove welding distortions from Saturn stage bulkhead segments. This device,
inventedby Robert J. Schwinghamerand L. E. Foster of the Manufacturing En-
gineering Laboratory, 6made possible the salvage of expensive componentsand
gave promise of further applications in Saturn programs. As another example,
the Center saved more than $1 million by eliminating certain informational re-
ports ontheS-IVB stage program. Dr. George E. Mueller, Associate Adminis-
trator for MannedSpaceFlight, NASA, complimented MSFC on its contributions. 7
Elevenmajor contractors also reported substantial savings in cost reduction pro-
grams monitored by the CRAVE office.

TECHNOLOGYUTILIZATION

Technologyutilization, anotherNASA-wide program, is an effort to make
available to industry innovations in aerospace technology. MSFC's Technology
Utilization Office worked with laboratories and contractors to identify, evaluate,
anddisseminatedataonnewtechniques. Valuable spacetechnology thus received
the widest possible application.

COMMUNICATIONS

Several improvements incommunications facilities occurred at the Center
in the six-month period.

MSFC instituted a Launch Information ExchangeFacility (LIEF) linking
the Center and KennedySpaceCenter. LIEF began operating in December 1964
to provide instantaneous launch data concerning Saturn vehicles. A 100-foot

5. Memo, W. S. Fellows, Chief, Cost Reduction and Value Engineering Office,
to Distribution, "NASA Cost Reduction Report to the President, " Feb. 12, 1965.
6. SchwinghamerandFoster receiveda Presidential Citation for their invention.
7. Memo, Dr. von Braunto Distribution, "Dr. Mueller's Talk Before the MSFC
Staff and Board on Oct. 23, 1964," Nov. 13, 1964.
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COMMUNICATIONS TOWER 

This 1 GO-foot microwave relay tower at theMSFC Central Communications 
Facility became operational in this period. 

9 



microwave relay tower at the MSFC Central Communication Facility (Building

4207) and a similar relay tower on Brindlee Mountain were erected by Southern

Bell Telephone Company as parts of this new system.

Other major communications changes involved two new telephone services,

installation of underground cables atMSFC, and expansion of Building 4207. Fol-

lowing completion of a telephone traffic study by the General Services Adminis-

tration the Federal Telecommunications System (FTS) became operational in

December. MSFC installed FTSbecause it is a nation-wide govermnent telephone

service for executive agencies, its purpose being to link major federal organi-

zations in order to reduce costs of long-distance commercial toll calls. Centrex,

a Huntsville exchange providing service for downtown MSFC activities and con-

tractors, also began operation in December. Construction started in October on

anunderground cable system connecting all MSFC buildings. This cable system,

scheduled for completion in July 1966, will replace existing above-ground lines

and poles. Plans were complete in December for a 20,500-square-foot addition

toBuilding 4207, onthe north and east sides of the building. A satellite exchange,

part of the Redstone Arsenal telephone exchange, will be in the new addition. This

satellite exchange, with a capacity for 8, 000 lines, will consolidate all MSFC

telephones and connect with Army exchanges on the Arsenal and Centrex in down-

town Huntsville. The LIEF switchboard, now manually operated, will convert to

automatic operation when space is available in the new building addition. 8

MANNED FLIGHT AWARENESS

A Manned Flight Awareness Program conference at MSFC in September

1964 inaugurated avigorous NASA campaign to assure the safety of Apollo astro-

nauts. The MSFC Director keynoted the two-day meeting with a plea to govern-

ment, contractor, and vendor personnel to do their very best in building the Sat-

urn vehicle for the lunar landing program. The Center established a Manned

FlightAwareness Office to maintain a continuing reliability program. This office

designed amannedflightawareness van to be built in 1965 for tours to contractor

plants and NASA installations.

SUPPORT TO UNIVERSITY

MSFC maintained a close relationship with the University of Alabama

Huntsville Campus, where many employees attended classes as part of the Center's

training program. Twenty-two employees also served as teachers in off-duty

8. Memos, V. C. Sorensen, Chief, Management Services Office, MSFC, to

Harry Gorman, Deputy Director, Administrative, MSFC, "Weekly Report,"

Sept. it, 1964; and Dec. 18, 1964; and Public Affairs Off., Marshall Star, "Two

Apollo Spacecraft Now at Cape, " Dec. 9, 1964, pp. 1 and 11.
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hours. The Center gave official support to the University in expandingits grad-
uate study program and introducing new curricula. Graduate study in the fields
ofpublic administration, science, andengineering resulted from a $462,000 con-
tract awarded to the University by MSFC. The Center also supported the Uni-
versity's $750,000 fund drive for expansionof the Huntsville Campusfacilities
and inauguration of a full four-year degree program.

General Facilities 9

MSFC property at Huntsville (including real estate, facilities, and capital

equipment) is valued at approximately $ 280 million. Within the 1786-acre Center

complex at RedstoneArsenal specialized facilities and buildings occupy about 3.6

million square feet. MSFC uses an additional 600,000 square feet of warehouse

space belonging to the Army and leases more than 200,000 square feet of office

and engineering space in downtown Huntsville. 10

Construction of Building 4202, the Project Engineer Office Building, was

about 25 per cent complete at the end of this period. Work on this $2.2 million

project, the last of three buildings in the MSFC headquarters complex, began in

May 1964. When completed late in 1965 Building 4202 will accommodate approx-

imately 650 government personnel.

The addition of three-story extensions to the three wings of the Computa-

tion Laboratory {Building 4663) progressed almost to completion. MSFC accept-

ed portions of this project from the contractor late in the period.

On December 14, 1964, MSFC awarded the construction contract for a

major extension to Building 4610, the Propulsion and Vehicle Engineering Labo-

ratory. The firm of Pearce, DeMoss and King received this $1.8 million con-

tract. The five-story extension, 68 by 180 feet, will provide 77,000 square feet

of office space for about 450 P&VE employees. Completion of the project will

occur in ene year.

9. Facilities directly supporting the launch vehicle programs are covered in the

applicable chapters of this history.

I0. Executive Staff, Management Information, Vol. III, 3rd Ed., June 1965, pp.
3 and 8-9.
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ROADS

A long-range road improvementprojectbegan at the Center in August when
MSFCawardeda $5i2,000 contract for building one new road and modifying three
old ones. MSFC and Army agencies plannedthe road work to distribute traffic
moreevenlyand speedthe flow of the thousandsof motor vehicles traversing the
Arsenal eachwork day. Whencompleted in i966 the renovated road system will
include several new stretches of road, intersection innovations, a six-laned
Rideout Road, and an improved network of roads diverting traffic away from the
MSFC office complex.

MICHOUDAND MISSISSIPPITEST OPERATIONS

At MSFC'sMichoudOperations onOctober15builders completedthe three-
story EngineeringandOffice Building. This $6.7 million structure provided space
for approximately 5,000 government and contractor personnel who on November
10 completedthe move from temporary offices in downtownNew Orleans. 11

Mississippi Test Operations (MTO) reported construction progress on a
number of major facilities. Work was completed on the Emergency Services
Building, WarehouseandSite Maintenance Building, TelephoneBuilding, Central
Heating Plant, andmiscellaneous utilities. The $3.6 million Office andAdmin-
istration Building was 82per cent complete. Also near completion were several
other general support facilities, including roads and railroads, Central Control
Building, and the Data Handling Center. Several dock andwaterways projects
were also completeat the end of the period. 12

Personnel

MSFC had 7738 civil service employees at the beginning of th,s report

period on July 1, 1964. Contractor personnel atthat time totalled approximately

6294. On December 31, 1964, when the period ended, MSFC had 7652 civi. ser-

vice personnel plus 50 military details. Of these government personnel 590 were

at locations outside the Huntsville area: 282 were at Michoud, 37 at MTO, and

the remaining 271 were at contractor plants and other government installations.

The total number of MSFC contractor personnel at Huntsville and other locations
when the period ended was 8202.13

11. Michoud Op., Historical Report, July 1 -Dec. 31, 1964, p. 37.

12. MTO, Historical Report, July i - Dec. 31, 19641 pp. 13-19.

13. Executive Staff, "MSFC Manpower Status Summary as of July 3, 1964;" and

"Dec. 31, 1964;" and "MSFC Contractor Status as of July 31, 1964;" and "Dec.
31, 1964."
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Personnel on board at Michoud at the period's end totalled 11,463. The

Boeing Company accounted for 6842, Chrysler 3236, Mason-Rust (the support

contractor) 932, and Telecomputing Services, Inc. (computer services) 157. 14

MTOcounted 2689personnelonDecember 31, 1964. Of this number 1877

were constructionworkers, the Army Corps of Engineers had 165, General Electric

Company (support contractor) 443, and other contractors 153.15

AWARDS

In October NASA gave its second highest award, the Medal for Outstanding

Leadership, to Dr. Wernher yon Braun, MSFC Director. Dr. Ernst Stuhlinger,

Director oftheResearch Projects Laboratory, and Dr. William R. Lucas, Chief

of the Materials Division of the Propulsion and Vehicle Engineering Laboratory,

receivedthe NASAMedalfor Exceptional Scientific Achievement. Dr. Stuhlinger

also received the Hermann Oberth Medal. In a Washington ceremony Mr. Webb

presented toDr. yon Braun a group achievement award for "exceptional achieve-

ment" by MSFC employees in the Saturn I program. At the same time a Presi-

dential Citation went to the Test Laboratory's Mississippi Test Facility Working

Group. NASA approved invention awards for two Center employees: William J.

D. Escher of Future Projects Office, $50, and Max Sharpe of Manufacturing

Engineering Laboratory, $t, 000. NASA honorary service awards went to 894

MSFC employees; five of these awards were for 30 years of service, 80 for 20

years, 163 for 15 years, 220 for 10 years, and 426 for one year of service.

MSFC awarded 61 sustained superior performance awards. Cash awards

totalling $ 22, 275 went to the 61 employees for tangible savings of $ 290, 000. From

atotal of 739 suggestions received, the Center adopted 140 with estimated first-

yearnet savings of $300, 884; suggesters received $6,820 in awards. The larg-

est suggestion award, $1,400, went to Emmett L. Martz, John L. Burch, and

William L. Kimmons of Astrionics Laboratory for their suggestion concerning

the Saturn guidance system. Eleven employees of the Purchasing Office received

a $495 group achievement award for exceptional work. The Center presented

530 !e_ers of appreciation and 115 le_ers of commendation to employees during

the period. 16

14. Michoud Op., Hist. Rpt., July 1- Dec. 31_ 1964_ p. 32.

15. MTO, Hist. Rpt. t July 1 -.Dec. 311 196..4 t p. 2.

16. Memo, LeroyAderholt, Incentive Awards Committee, to D. S. Akens, His-

torical Office, "Incentive Awards Program Data - Historical Report," Feb. 10,

1965.
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EOUAL OPPORTUNITY

The Equal Employment Coordination Office of MSFC's Personnel Office

pursued its "affirmative action program" to promote job and community oppor-

tunities for Negroes. Of 603 permanent employees hired in the last half of 1964,

14 were Negroes. There was a shortage of qualified Negro applicants in several

position categories. Equal opportunity objectives received circulation through

talkswith supervisors, letters to employees, articles in The Marshall Star, and

personal contact with Negro colleges and civic groups. Since some Negroes in-

terviewed for jobs objected to living conditions in Alabama, the affirmative action

program also included efforts to solve housing and education problems. Pro-

gram personnel worked with a Huntsville bi-racial committee on these and other

problems. MSFC released $337,000 inexcess federal property to predominantly

Negro schools in 1964. Included were electronic parts and equipment, office
furniture, and shop equipment. 17

HOUSING

MSFC issued "809" housing eligibility certificates to 868 employees dur-

ing this period. Under Section 809 of the National Housing Act NASA helps se-

cure housingfor essential government and contractor employees by guaranteeing

home loans through FHA in communities where federal programs have had un-
usual impact. 1_

EMPLOYEE ACTIVITIES

Employee activities this period included the election in October of an MSFC

employee, Everette Brouillette, as 1965 president of Redstone Arsenal Lodge

1858, American Federation of Government Employees (AFGE).

AFGE Lodge 1858 petitionedMSFC for exclusive recognition as bargaining

agent for employees. An election held on August 26 failed when fewerthan the

required 60 per cent of eligible employees cast ballots.

17. MSFC initiated the affirmative action program in July 1963 in response to

Executive Orders 10925 and 11114. See Equal Employment Coordination Office,

Personnel Office, MSFC, E.qual Employment Opportunity Pr.ogram, Quarterly

Report, July -September 1964, and October - December 1964.

18. Interviewwith Paul Perry, Manpower Utilization and Administration Office,

MSFC, Dec. 8, 1965; andManagementServicesOff., MSFC, George C. Marshall

Space Flight CenterAdministrative Regulations and Procedures, Chapter 17-I,
Annex A, Change 90, pp. 201-204.
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In the annual community charity fund drive Center employees contributed
more than $121,000 to the United Givers Fund. This amount was 121per cent
above the MSFC goal. Employees also gave $8,400 to the Federal Health and
Charity Drive.

The Marshall Athletic, Recreation and Social Exchange (MARS) elected
a 15-man executive council and namedJames Hiers as president. MARS is the
employeeassociation responsible for planning a social and recreational program
at the Center.

POSITIONEVALUATION

Theposition review andevaluation project (PREP) beganat the Center in
July 1964 with the distribution of questionnaires to representative employees.
This survey of "benchmark" positions was the start of a Center-wide program
aimed at evaluation of all jobs. The purpose of PREP is to attain equity in posi-
tion classification and salary administration. 19

NEWBADGES

Issuanceof new standardized NASAidentification and security badgesbe-
gan at the Center on December 4. This standard badgewould apply to all NASA
installations after February 1965. Rebadgingat MSFC was about half completed
at the end of the report period. 20

Special Events

Key officials from NASA Headquarters visited MSFC on several occasions

during the six-month period. Among the visitors were Administrator James E.

Webb, AssociateAdministratorRobert C. Seamans, and Dr. George E. Mueller,

Associate Administrator for Manned Space Flight.

_lkK_ '_'tT_'L.'L ---" __-+_L-- J, .... ,,_uu vl_uHunLsviJie andMSFC in October to discuss news reports

that top level management elements of MSFC might be transferred to Michoud.

He met with business and community leaders at a conference arranged by Huntsville

Industrial Expansion Committee. Mr. Webb told the group that MSFC, which is

NASA's largest center, was important as both "the research and development and

19. Interview with Katy Lyle, Personnel Office, MSFC, Dec. 7, 1965.

20. Memo, Sorensen to Gorman, "Weekly Activities," Nov. 27, 1964.
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the management center for the Apollo boosters .... We in NASA want to keep it

thatway, " he said. But, Mr. Webb added, NASA has found it difficult to get top

level executives to come and work in Alabama. "If we cannot get the seasoned

executives here that we need for the management function, then we will do more
of this work at other locations. ,,21

The sixth birthday anniversary of NASA, celebrated at MSFC on October

28, was the occasion for reassuring words from Dr. von Braun. The MSFC

Director told 500 Center employees in Morris Auditorium that current programs

at MSFC "will keep all of us here in Huntsville tremendously busy for years to

come, no matter what you read in the papers." Also appearing on this program

was Astronaut Scott Carpenter, who helped the Director present several employee
awards.

Other birthday celebrations during the period concerned Michoud and MTO.

Michoud Operations, where contractors assemble Saturn boosters, marked its

third anniversary on September 7. Mississippi Test Operations had its third

birthday on October 25, the date in 1962 when NASA announced that rocket test

facility would be created in Hancock County, Mississippi.

John F. Griner, national president of AFGE, visited MSFC in August,

toured the Center, and addressed employees.

75,000

nearly

Most visitors to the Center came in an unofficial capacity. More than

persons visited the Space Orientation Center during the six-month period--
3000 a week. Over half of these visitors were from out-of-state.

An event significant to M SF C was the A rmy's formal retirement ceremony

for the Redstone missile. MSFC officials participated in the October 30 program

at the Army Missile Command. The Redstone, developed in the early 1950's by

engineers and scientists now working at MSFC, was the booster that launched the

first U. S. earth satellite (in 1958) and our first man in space (1961).

Duringthis report period also came the final static firing test of Saturn I

boosters. S-I-10, the first stage for the SA-10 vehicle, fired at MSFC for 154

seconds on October 6. Thus ended a series of 55 Saturn firing tests that began

in the Center's Test Area in April 1961.

21. Text of speech by NASA Administrator James E. Webb to the Huntsville

Industrial Expansion Committee, Oct. 29, 1964.
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I .  

VISITORS WITH DIREC TOK 

Franklin D. Roosevelt, J r . ,  Under Secretary of Commerce (left) , and 
William R. Anderson, Congressional noriliiiee froin Tcrmessee, hear D r ,  Wernher 
vonBraun, MSFC Director, expiaiila Saiiiri; g ~ i d a n z e  system d1~ring a visit  to  the 
Center in September 1964. 
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Funding

Inthelast sixmonths of 1964 (whichwas the first half of Fiscal Year 1965)

MSFC obligated $1,072,133,000. Re search and development required $911,097,000,

or approximately 85 per cent of the total. Facilities construction took $ 91,765,000,

or about 8.5 per cent. The administrative operations allocation was $6,9,27i, 000,

or 6.5 per cent. 22

22. Infoi_mation furnished Aug. 24, 1965, by Louis E. Snyder, MSFC Financial

Management Office.
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CHAPTERII:SATURNI

Prior to the beginning of this report period Saturn I had already attained

a perfect flight test record with six successful flights and no failures. Therefore,

NASA had declared Saturn I, first in a series of Apollo launch vehicles, ready for
operational use.

NASA's Marshall Space Flight Center manages this Saturn I program.

MSFC's major contractors for this programhavebeen Chrysler Corporation Space

Division(CCSD) andDouglasAircraft Company (DAC} as stage contractors, 1

and Rocketdyne Division of North American Aviation and Pratt and Whitney as
engine contractors. _

NASA had scheduled ten Saturn flights in the Saturn research program, but

because of the perfect record of the first six flights NASA redesignated the four

remaining vehicles as operational. With this redesignation, flight mission as-

signments for the seventh through tenth vehicles changed from demonstration of

R&D technology to placement of experimental spacecraft and micrometeoroid

measurement (Pegasus) capsules into near-earth orbit.

Flight of the first operational vehicle, SA-7, occurred on September 18,

1964. The vehicIe flight-tested a boilerplate Apollo spacecraft and the launch

escape tower.

The last three Saturn I vehicles will insert Apollo spacecraft into earth

orbit and will also orbit Pegasus capsules. These three vehicles are scheduled

for launch in 1965 from NASA's Kennedy Space Center (KSC).

The First Saturn Operational Flight

Only one Saturn I flight occurred in the period July - December 1964.

This flight of the SA-7 was the third flight test of a Block II Saturn I, 3 the second

1. CCSD assisted MSFC in designing the S-I stage. The contractor built the S-I

stages fortwo operationalvehicles, SA-8andSA-10. DAC designed and produced

S-IV stages for the Saturn I program.

2. Rocketdyne is the S-I stage H-1 engine contractor, and Pratt and Whitney is

is the S-IV stage RL-10 engine contractor.

3. For a description of the Block Hvehicle and the two previous Block H flight tests

seeMSFC, MarshallHistoricalMonograph No. 9 (MHM-9), History of the George

C. Marshall Space Flight Center, Jan. 1 - June 30, 1964, pp. 17-36.
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SA-7 PREPARED FOR LAUNCH 

The seventh Saturn I flight vehicle waits on Launch Complex 37B at Cape 
Kennedy in preparation for  September I 8  launch. 
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consecutive test with a boilerplate Apollo spacecraft, and the first operational
flight ofaSaturn rocket. SA-7placed a 39,000-poundpayload into a 105-nautical-
mile orbit.

TheSA-7/Apollo flight further demonstratedcompatibility and competency
of the Saturn I/Apollo componentsand systems. The flight also confirmed tech-
niques for use in building the more powerful Saturns in support of mannedlunar
landings and other spaceexploration. 4

The SA-7/Apollo flight vehicle consisted of four units; the S-I stage, the
S-IV stage, the instrument unit (IU), and the boilerplate No. 15 (BP-15) Apollo
command and service modules with the launch escapesystem (LES). Changes
which distinguished SA-7 from SA-6 were confined to the S-IV stageand the IU.
Thesechangeswere elimination ofthe S-IV liquid oxygen (LOX) tank backuppres-
surization system andaddition of anonpropulsiveventing systemon the S-IV stage.
TheIU changesincludedelimination of the ST-90S stabilized platform system and
supporting equipment andactivation of the ST-124 system for vehicle control at
liftoff insteadofthe S-IV stageflight only. TheS-IV and IU changeshere described
resulted inweight reductions of 300and600pounds, respectively. The only other
changeinthe SA-7/Apollo vehicle wasuse of live launch escapeand pitch control
motors to eject the LES. 5

PRELAUNCH CHECKOUT

As this report period began, SA-7 was undergoing prelaunch checkout on

Pad B of Launch Complex 37 (LC-37B) at KSC. Automation of checkout by RCA-

110 computers as initiated for SA-6, was used and extended somewhat for SA-7.

Shortly after start of checkout operations technicians discovered cracks

inthe LOX dome of H-1 engine 2011. The discovery led to removal and shipment

of the engine to MSFC for inspection. MSFC technicians assisted by Rocketdyne
personnel, determined that stress corrosion caused the cracks. MSFC directed
removal of LOX _..... _.... • + "uu,,,=_ l-urn all _,-, er_,inesand-_.1 ...... + ..++_A.... _

4. Ltr., George E. Mueiier, Assoc, mum. rot Ivla,muu_pauv r--_,,L,_SA, "^w

NASA Adm., "Saturn IDevelopment FlightTest, SA-7, "Sept. 14, 1964, with ene.,

"MissionOperationReport, "Rpt. M-931-64-07, p. 1;and F. A. Speer, Chairman,

MSFC Saturn Flight Evaluation Working Group, "Saturn SA-7 Flight Resume."

5. P&VE Lab., VibrationandAcousticAnalysis, SaturnSA-7, NASA TMX-53213,

pp. 1-2; andMSFC Saturn Flight Evaluation Working Group, Results of the Seventh

Saturn I Launch Vehicle Test Flight, MPR-SAT-FE-64-17, pp. 277-283.
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different aluminumalloy more resistant to stress corrosion. In the period July 4

through July 20 all the H-i engines of S-I-7 were returned to Roeketdyne at Neosho,

Missouri, and retrofitted with new domes. 6

Meanwhile, KSC technicians installed on S-IV-7 the newly designed and

fabricated nonpropulsive venting system received from DAC in August. KSC

technicians also modified S-IV-7's flight relay components. This modification

became necessary when DAC inspection of Crystal Can relays used in the S-IV

sequence r and propellant utilization electronic s assembly revealed an abnormally

high failure rate. _ On August 6 KSC technicians completed electrical mating of

the S-I, S-IV, and IU, and onAugust 7 technicians completed spacecraft electrical

mating to the vehicle. Ten days later they accomplished the all systems vehicle
overall test. 8

On August 26 prelaunch activities stopped and KSC personnel evacuated

the Center as Hurricane Cleo neared. Cleo passed Cape Kennedy August 27; its

damage to SA-7 and LC-37B was light. Postponement of the checkout activities

for Cleo accounted for a two-day slip in the launch date. Another hurricane,

Dora, halted activities on September 8. Dora passed 85 miles north of the Cape

and, as before, damage was light and restricted to water damage. Dora accounted

for still another day of delay, and the SA-7 launch date slipped to September 18.

KSC accomplished the remaining checkout activities without additional

significant problems. These activities included radio frequency tests, a full-

scale simulated flight test, and tanking tests. The simulated flight test or count-

down demonstration test (CDT), a new feature, included many of the tests ordi-

narily associated with launch preparations and permitted their omission during
the actual countdown.

Technicians resolved several discrepancies noted during the CDT. This

action assured flight readiness of the vehicle and precluded a number of holds

during the actual countdown. One discrepancy was failure of the S-I stage LOX

fill and drainvalve to close at termination of main fill, thus allowing LOX to drain

back into the storage area. Tests indicated that the valve would function under

no-flow conditions, and technicians closed the valve and proceeded with LOX tanking

6. C. E. Cataldo, P&VE Lab., H-1 Engine LOX Dome Failure_ NASA TM X-

53220, pp. 1-4; and Teletypes, Apollo Program Management Off., KSC, to Apollo

Program Director, NASA, "SA-7 Launch Schedule, " July 17, 1964, and Manager,

Apollo Spacecraft Program Off., NASA, to KSC, "SA-7 Launch Schedule," July
22, 1964.

7. Saturn I/IB Off., I/IB Progress Report, Mar. 16 -Sept. 30, 1964, MPR-

SAT-I/IB-64-2&3, p. 7.

8. MSFC, MPR-SAT-FE-64-17, p. 9.
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inthe replenish mode. 9 Another discrepancy was a corroded pin in the cable

connector between the S-IV LOX tank propellant utilization (PU) probe and the

PU electronics assembly. This caused the PU system to act erratically and pre-

maturely terminate the fast fill operation. Technicians cleaned the pin, and the

system operated properly. A third discrepancy resulted from overheating of the

ground supply furnishing power to the S-IV stage. KSC replaced the power supply

with a heavy duty unit for the launch countdown. The last major problem was an

intermittent failure of the S-IV low level multicoder, and technicians replaced

the faulty multicoder with the extra multicoder in the launch kit.

Following the CDT, technicians noted a crack in the weld that heldtwo

LOX tank vent lines to the skin of the S-I stage. Riveting of doublers to furnish

additional support prevented complete rupture of the weld during launch; rupture
could have caused LOX vapor to be dumped into the S-IV aft interstage, l0

LAUNCH COUNTDOWN

The actual launch countdown occurred in two time periods. The first be-

ganat T minus 1035 minutes. At T minus 795 minutes excessive moisture in the

initial S-IV liquid hydrogen (LIt2) gas sample necessitated several tank purges

and delayed the start of the S-IV ordnance installation about 80 minutes. At T

minus 740 minutes the vacuum jacketfailed to hold vacuum. Although technicians

discovered no leak, all the welds and fittings in the jacket were coated with a

sealant. No delay resulted. The final count for the launch started at 11:25 p.m.

EST September 17, at T minus 545 minutes, and continued without interruption

for five hours. 11 Then trouble started and continued intermittently until liftoff.

At leasthalfofthe major difficulties during the final countdown concerned

Eastern Test Range (ETR) instrumentation. Some of these problems resulted

from effects of a new hurricane, Hurricane Gladys, while others resulted from

site radar problems. At least one interruption was blamed on range interference

bya ship.

A total of four holds, lasting two hours and 43 minutes, interrupted the

final countdown. The first hold, at T minus 245 minutes and lasting 69 minutes,

was caused by inadvertent firex system activation on the service structure during

air conditioning duct removal. At T minus 30 minutes a scheduled 20-minute

9. Priorto initiation of actual launch countdown, KSC personnel cycled the count

for an additional 30 minutes to allow for S-I stage LOX fill by the replenishing

mode.

i0. Saturn I/IB Off., MPR-SAT-I/IB-64-2&3, pp. 7-9.

It. Ibi__.d., p. 9.
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hold was extendedfour minutes whenthe S-IV LOX pressurizing regulator indi-
cated a malfunction. The third hold, at T minus 12minutes andlasting 20 min-
utes, resulted from a malfunction of the S-I hydraulic pumptemperature OK in-
terlock that prevented the pumps from being turned on. Rangesafety called the
final hold of 45 minutes at T minus 5 minutes because the Grand Turk Island ra-
dar operation was intermittent. KSC recycled the count to T minus i3 minutes
and the count continued uninterrupted through launch.12

SA-7 FLIGHT

Liftoff of SA-7 occurred September 18at 11:22.43 a.m. EST.

The active GSE(including the launcher, engine service platform, hold-
down arms, firingaccessories, umbilical swingarms and pneumatic distribution
system) sustained less damage than during any previous launch. The only dif-
ficulty at liftoff involved umbilical swing arm No. 3. This swing arm failed to
disconnect when the umbilical pneumatic system operated; rotation of the swing
arm actuatedits mechanical release.

Flight performance ofthe S-I stagewas better than usual; total velocity at
outboard engine cutoff exceedednominal. The S-I stageH-1 engines burned ap-
proximately 141 seconds before the inboard engines shut down. The outboard
engines continuedto burn for another six secondsuntil cutoff by a backup timer;
nearly all the LOX was consumed. Pressure sensitive switches called "thrust-
OK" switches failed to initiate shutdownof the outboard engines at detection of
oxidizer starvation. This new shutdownmethod, attempted for the first time on
SA-7, is tobeusedonthe Saturn IB vehicle; it is designedfor more efficient pro-
pellant consumption.13

Overall flightperformance of theS-IV stagewassatisfactory. Separation
command, ullage rocket ignition command, engine start command, ullage rocket
jettison command, and the engine cutoff command occurred as planned. The
S-IV stagepropulsion system performed satisfactorily _hroughoutpoweredflight.
The RL-10 engines burned approximately eight minutes. 14The nonpropulsive
vent system on trial for the first time on SA-7 performed satisfactorily. This

12. MSFC, MPR-SAT-FE-64-17, pp. 7-9.
13. P&VE Lab., Evaluation of Flight Test Propulsion Systems, and Associated

Systems, Saturn S-I-7 Stage, IN-P&VE-P-64-28, pp. 14-25 and 55-60; and

Aviation Week & Space Technology_ "SA-7 Flies Near-Perfect Mission," Sept.

28, 1964, p. 27.

14. Teletype, DAC to NASA/MSFC, "S-1V-7 Post Flight QuicklookReport,"

Sept. 22, 1964; and MSFC, MPR-SAT-FE-64-17, p. 76.
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The seventh Saturn I flightbegins a t  Cape Kennedy as SA-7 rises from the 
launch pad carrying a boilerplate Apollo spacecraft. This first operational Saturn 
GighL., mi Szptcx~ber i8>  1964: featured the first use of a fully active gtidanzc 
system. 
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venting method willbe used on the remaining Saturn flightsto end excessive tum_

bling resulting from propellant venting. 15

The ST-124 guidance system and associated hardware controlled the ve-

hicle from liftoff through orbital insertion. The ST-124 provided attitude refer-

ence for the control mode while the control rate gyros provided rate signals. In

addition, the ASC-15 guidance computer, used for the first time, generated the

roll and pitch program during the S-I stage flight. 16 This was the first flight of

a fully-active ST-124 guidance system.

The S-IV stage, instrument unit, and the Apollo BP-15 entered orbit at

631.38 seconds range time. By then all the mission test objectives were satis-

factorily achieved including successful jettison of the LES. This jettisoning was

by the alternate method that consisted of firing the launch escape motor and the

pitch control motor rather than the smaller tower j ettison motor used on the SA-

6/Apollo flight. The new jettison maneuver carried the tower safely out of the

spacecraft's path. 17

The SA-7 transmitted more measurements to ground stations than had any

previous U. S. space vehicle. Overall reliabilityof the measuring system was

99.35 per cent. The SA-7 radar altimeter, a self-contained automatic range

tracking device, provided the firstfully reliable altitude and elapsed time data

during a Saturn flight. This data proved valuable in establishing the actual SA-7

flighttrajectory.18 Ninety-one cameras provided optical coverage of SA-7. Im-

mediate recovery of the eight onboard cameras ejected from the vehicle became

impossible because of Hurricane Gladys. However, two of the cameras were

discovered on San Salvador and Eleuthera Islands about 50 days following the

launch. These two cameras provided good coverage of the vehicle in flight.19

15. MSFC, MPR-SAT-FE-64-17, pp. 162-166.

16. Teletype, F. A. Speer, Chairman, Flight Evaluation Working t_u_,v, Lo Dr.

George E. Mueller, Assoc. Adm., NASA, et. al., "SA-7 Flight Results," Sept.

28, 1964.
17. MSFC, MPR-SAT-FE-64-17, pp. 162 and 273-274; and Olen Ely and Parley

Howell, Astrionics Lab., Radio Frequency Evaluation of SA-7 Vehicle, NASA

TMX-53250, p. 2.

18. Moses M. Coleman, Astrionics Lab., Performance of Saturn Radar Alti-

meter, NASA TM X-5327"7, pp. 1 and 4-5.

19. MSFC, MPR-SAT-FE-64-17, p. 256.
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Status of Operational Vehicles

Prior to the July-December 1964 period MSFC and the stage contractors

had completed development of stages for all scheduled Saturn I vehicles. Also

completed were all R&D tests except stage acceptance tests. Thus, emphasis in

this report period shifted from development of vehicle hardware to checkout and

flight preparation of the SA-9, SA-8, and SA-10 vehicles for the eighth, ninth,

and tenth flights respectively. 20 Most of the vehicle activity occurred at contractor

sites. Exceptions included the static firing of the S-I stages at MSFC in Huntsville

and development and checkout of the instrument units at MSFC.

Only one problem area marred the steady progress of the vehicles from
checkout to the launch site. This concerned fabrication and checkout of the Pegasus

capsule payload and is described later in this chapter.

Program managers realized, near the beginning of this report period, that

Pegasus development problems would prohibit launch of SA-9 as soon as scheduled.

NASA in August considered three alternatives for alleviating the impact on the

schedule. They were cancellation of the SA-9 launch, postponement of the launch

to allow more development time for the Pegasus A capsule, or reduction of re-

quirements for a fully qualified Pegasus A. In the end NASA chose to establish

a new set of guidelines for Pegasus development with less stringent requirements

for Pegasus A. Pegasus A would be launched by SA-9 as planned, but only with

those components in final configuration which time would allow to be fully qualified.

Components not qualified would be functionally identical to the final design. Less

than the one year required life expectancy would be acceptable for Pegasus A.

The guidelines called for no changes in development requirements for the Pegasus

B or C capsules. Withthese guidelines NASA hoped to minimize the possible de-

lay in the Saturn launch schedule and also to enhance success of the Pegasus ex-

periments with information gained from a Pegasus A launch.

An MSFC/NASA Headquarters reassessment of the Pegasus development

program on September 22 resulted in the expected change in the launch schedule.

The SA-9 launch was rescheduled about two months later than planned (from

December to February), and the SA-8 and SA-10 slipped two months and one month.

At this time MSFC notified the stage contractors of the adjusted need dates for

the hardware and the change in shipping dates. 21

20. The SaturnflightschedulecalledforSA-9tofollow SA-7 because development

of the first industry-builtbooster (S-I-8) required more time than S-I-9, the last

booster developed by MSFC.

21. Memo, Lee B. James, Mgr. Saturn I/IB Program, MSFC, to Maj. Gen.

Samuel C. Phillips, NASA, "SaturnISchedules, " Sept. 23, t964; and ltr., George

E. Mueller, Assoc. Adm. for Manned Space Flight, NASA, to Dr. Wernher von

Braun, Dir., MSFC, Nov. 25, 1964.
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SA-9--FROM CHECKOUT TO LAUNCH SITE

Prior to this report period MSFC completed static firing and initiated

poststatic checkout of the last Saturn Ibooster (S-I-9) built atMSFC. The Center

interrupted the S-I-9 poststatic checkout in July 1964 to allow for replacement of

the H-1 engine LOX domes. 22 Workmen removed the engines from the stage and

shipped them toRocketdyne at Neosho, Missouri, for this work. Rocketdyne re-

turned the engines toMSFC inlateAugust. Following reinstallation of the engines,
technicians resumed and completed S-I-9 checkout.

Scheduled mid-September shipment of the stage to KSC was postponed until

late October because of the delay in the Pegasus delivery and the change in the

launch schedule. During this interval MSFC installed the S-I-9 hardware orig-
inally planned for installation at KSC. 23

The S-IV stage contractorbegan inJuly to subject the S-IV-9 stage to pre-

staticcheckouts and modifications in anticipationof a staticfiringJuly 31. Dur-

ingthese checkouts and modifications DAC covered the stage with a large plastic

bag, circulated warm airaround the stage to prevent frost buildup, and completed

a cryogenic propellant weighing program. This advanced weighing program pro-

vided accurate data for use at MSFC in calculating a precise orbital trajectory.

The workload on recorders in the blockhouse at the Sacramento test site

proved greater than anticipated and delayed completion of hardware instrumenta-

tion checkout until August. DAC rescheduled the S-IV-9 static firing from July
31 to August 3.

On August 3, 1964, following the loading of liquid hydrogen (LH 2) in
S-IV-9, excessive noise in low level multicoder system No. 1 caused DAC to abort

the static test and reschedule it for August 6, During the 398.94-second static

firing on August 6 all major test objectives were successfully achieved. DAC

decided that the few minor discrepancies noted during the firing were not serious

enoughto warrant a second test. The contractor completed the S-IV-9 poststatic

DAC postponed shipment of S-IV-9 to KSC until October because of the

change in the launch schedule. During this delay DAC removed the S-I_T-9 en-

gines and cleaned them of all traces of ox_y!ube contamination discovered in the

22. Following the discovery of the H-1 engine LOX dome problem on SA-7, MSFC

directed replacement of the LOX domes on all Saturn I vehicles.

23. Saturn I/IB Off., MPR-SAT-I/IB-64-2&3, p. i3.
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helium system after the static firing. DAC also replaced all 18 solenoidvalves
in the engines.24 In addition, during this delay DAC completed design of an aux-
iliary fuel tank vent tube and associatedhardware that supplement the nonpro-
pulsive vent system. The improved equipmentwill prevent LH2venting through
the relief valves during and after separation of the payload.25

LnlateJulyMSFC completed the S-IU-9 component installationand started

checkout ofthe unit. The Center completed the S-IU-9 checkout in mid-September

and prepared the unit for shipment to launch site.26

OnOctoberl9MSFC shipped the S-I-9, the S-I stage fins, and the S-IU-9

toKSC aboard the barge Promise. The craft and its cargo arrived at KSC October

30. DAC transported S-IV-9 to KSC October 22 aboard the Pregnant Guppy air-

craft. The command module of the BP-16 Apollo spacecraft, already at the launch

site, awaited arrival of the service module, its adapter, and associated hardware

from MSFC where it was undergoing modification to accept Pegasus A. These

arrived aboard the Pregnant Guppy on November t3.

KSC technicianscompleted "receiving inspection" ofallunits of the SA-9/

Apollo except Pegasus A. By the end of November KSC completed erection of
SA-9 on LC-37B. Erection of the S-I-9 occurred November 3 and theS-IV-9

and S-IU-9 on November 19. Electrical mating of the S-I, S-IV, and IU took

place December i9. KSC continued to perform subsystems checkout and inte-

grated launch vehicle tests throughout the remainder of this report period.

Meanwhile, until December 18 Pegasus A remained in fabrication and

checkout at the contractor's plant in Hagerstown, Maryland. On this date it went

to General Electric at Valley Forge, Pennsylvania, for further checkout prior to

shipmentto KSC on December 29. Whether the slippage in its schedule could be

recovered at KSC in time for the proposed SA-9 launch in February 1965 remained
to be seen at the close of the period. 2_

24. Test Lab., Test Laboratory Monthly Progress Report, July 12 -Aug. 12,

196____4,pp. 42-43; Aug. 12- Sept. 12, 1964, p. 47; and Sept. 12- Oct. 12, 1964,

p. 40.

25. W. H. Faulkner, S-IV Stage Project Engineer, P&VE Lab., Fourth Flight

Vehicle, S-IV-9.

26. Saturn I/IB Off., MPR-SAT-I/IB-64-2&3, pp. 13-14.

27. KSC, Technical Progress Reports, Third and Fourth Quarter, CY-1964,

(TR-t59), p. 4; and First Quarter, cY-1965, (TR-168), pp. 2-3; and Memo,

Lee B. James, Saturn I/IB Project Off., to Dr. von Braun, et. al., "Pegasus
Schedule," Dec. 15, 1964.
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SA-9 INSTRUMENT UNIT TESTED 

Pictured during vibration testing at Wyle Laboratories, Huntsville, is 
S-IU-9, the instrument unit for the SA-9 flight vehicle. 

S-TV STAGE I N  CHECKOUT 

A flight S-IV stage for  a Saturn I launch vehicle undergoes checkout at 
Douglas Aircraft  Company's Santa Monica, California, plant. 
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S-IV STAGE MATED 

Shownduring erectionof a Saturn I vehicle at Kennedy Space Center is a n  
S-IV stage being positioned on a n  S-I stage a t  the launch pad. 



SA-8--READY FOR SHIPMENT

In July CCSDat its Michoud Operations S-I plant beganpoststatic modifi-
cation and repair of the first industry-built Saturn S-I stage. During this modi-
fication and repair CCSDpersonnel notedthat contraction of the LOX tanks had
sheared a large number of bolts in the four antennapanels attachedto the LOX
tanks. MSFCissuedCCSDan engineering order to correct this condition. There
were no other major problems and the contractor completed the routine modifi-
cation and repair operations in late September. The LOX dome retrofit of all
H-1 engines was accomplished concurrently. Upon return from Rocketdyne the
engines were reinstalled in the stage, and CCSDbeganthe final checkout.28

On October 13 CCSDbeganelectrical checkout of the S-I-8. While dis-
assemblinganignition monitor valve from engineNo. 8 for replacement, techni-
cians found that the valve contained water. CCSDthen inspectedall the other
valves for water contamination. During inspection of the valve on engine No. 4
apairofpliers fell and pierced two thrust chamber tubes. This incident neces-
sitated removal of the engine for return to Rocketdynefor repair. The S-I-8
shipping date to KSChad already beenchangedfrom December 19, 1964, to late
February 1965, atime more compatible with the revised launch schedule; there-
fore, no delay resulted. 29

By the end of July DAC at SantaMonica completed checkoutof the S-IV-8
stage. OnAugust 7 DAC shippedthe stage to the Sacramentotest site for static
tests. At thetest site technicians positioned the stagehorizontally in an area ad-
jacent to Test Stand2B facilities. Here, DAC personnel by the middle of August
completed the receiving inspection andan ultrasonic inspection of the fuel tank.
The contractor then initiated installation of the nonpropulsive venting systems,
electrical modifications, andhardware instrumentation installation. The latter
included instrumentation for cryogenic calibration.

After removal of the S-IV-9 stagefrom Test Stand2B onAugust 27, test
engineers installed the S-IV-8. Vehicle and ground support equipment (GSE)

From October 13to October26 DACperformed the S-IV-8 cryogenic cali-
bration weight system tests. These tests involved two fuel and one LOX tank
cryogenic calibrations, for the purposeof comparing the stagemass sensor out-
put with the actual mass determined by the weight system. Prefiring checkouts

28. Saturn I/IB Off., MPR-SAT-I/IB-64-2&3, p. 14.
29. Michoud Op., Historical Report, July I - Dec. 31, 1964, pp. 8-9.
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continued during the intervening period from cryogenic calibration October 26 to

November 18. DAC replaced the LOX and fuel tank vent and relief valves which

malfunctioned during the weight testing. Because of a possible stage/engine con-

trol helium oxylube contamination problem the contractor also replaced the 18

engine solenoid valves.

Countdown for the S-IV-8 acceptance firing on November 20 began smoothly;

the acceptance firing lasting 475.8 seconds was highly successful.

On December 4 technicians moved the stage from the test stand to the

Evaluation and Development building. Poststatic checkout and repair were almost

complete when this period ended, and plans were underway for shipping filestage

to KSC in mid-January. 30

Meanwhile, at MSFC technicians continued assembly of the S-IU-8 com-

ponents, work that had begun in June 1964. MSFC completed the assembly op-

erations in October and initiated final checkoutof the unit. After finishing the

checkout, MSFC prepared the unit for shipment to KSC and then stored it to await

shipment in 1965.

SA-10--CIIECKOUTS UNDERWAY

During prestatic checkout of S-I-10 CCSD encountered some difficulty in

modifying prevalves for the stage. The contractor decided to ship the stage and

thevalves to MSFC separately and to complete modification of the valves for in-

stallation at MSFC prior to static tests. The barge Promise left Michoud with

the S-I-10 aboard on July 24 and arrived in Huntsville on July 31.

Immediately upon its arrival MSFC technicians installed the stage in the

static test stand. They removed the H-I engines and returned them to Rocketdyne

for LOX dome retrofit and completed prefiring modifications.

On August 19 test personnel performed a special LOX loading test of the

S-I-10 without the engines. This test established LOX boiloff rates and the ef-

fectiveness of helium bubbling at various rates and duration. Rocketdyne returned

the cngines and they were reinstalled on the stage during the period Augxtst 24 - 29.

On Septembcr 9 CCSD performed a second S-I-10 propellant loading and flight

sequence test.

30. Test Lab., MPR, Nov. 12 -Dec. 12, 1964, pp. 37-38; and W. L. Fowler,

S-IV Stage Project Engineer, P&VE Lab., Fifth Flight Vehicle, S-IV-8.
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The S-I-10 stage underwent three static firings. The first firing occurred
September22 followingapostponement from September 16 because of a LOX leak

at the center LOX tank rear cover flange. This firing lasted 3.01 seconds before

being automatically cut off due to the failure of a thrust pressure switch. Test

SA-23 on September 24 lasted 35.08 seconds and ended with inboard engine cutoff

initiated by the firing panel operator. All systems in operation performed satis-

factorily. After this second firing workmen discovered cracks in the test stand

holddownbracket lower clevis ears at positions 1 and 3. Evaluation of the cracks

indicated there was no need to replace the brackets prior to the next test. How-

ever, CCSD eliminated a portion of the gimbal program during the next test to

avoid unnecessary strain on the brackets. During the third and final acceptance

test (SA-24), performed October 6, S-I-10 fired for 149.93 seconds before in-

board engine cutoff and then to 154.48 seconds until LOX depletion cutoff of the

outboard engines. Data evaluation indicated satisfactory performance of all sys-
tems during the test.

Following completion of the acceptance tests CCSD conducted a series of

propellant loadingtests on S-I-10 to investigate problems associated with loading
LOX to a 2.2 per cent ullage. These tests ended in October.

Technicians removed S-I-10 from the test stand on October 29 and loaded

it aboard the barge Palaemon for its return trip to Michoud. The stage arrived

at Michoud November 7 for final checkout and preparation for shipment to Cape
• Kennedy. 31

During July and August DAC completed final assembly of the last Saturn I •

S-IV flight stage (S-IV-10). On August 6 the contractor began checkout of the

stage; checkout operations lasted through mid-October. Immediately after a full

simulated flight checkout on October 14 preparations began for shipping the stage
to the Sacramento test site.

The stage arrived at the test site November 5. The next day personnel

_g "_ ing-moved f_he s _ ta th,_ v,.,1,.,*" .... a _ .... 1.................. v,, _,,u _w_up,uv_ _uuumg for prefir modifi-

cations. The major modifications included rework of support installations, instru-

mentation panel, and forward interstage bracket; installation of the nonpropulsive

Continuous venting system; rework of the LH 2 and LOX point level sensors and

31. Don Adams, CCSD, Saturn Stage S-I-10 Final Static Test Report, pp. 1-2;

and Test Lab., Historical Report, July 1 - Dec. 31_ 1964_ pp. 1-2.
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S-IV STAGE PRODUCTION 

These pictures show views of S-IV stage production at the Santa Monica 
facility of Douglas Aircraft  Company. A t  top is a general view of the manufac- 
turing area. Bottom picture shows an S-IV tankdome in a meridian weld fixture. 
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replacement of the control unit as well as rework of LH 2 and LOX overfill control

units; installation of Crystal Can relays in the sequencers; and rework of the signal
commutators.

In line with a NASA/DAC agreement to amend the checkout procedures

DAC eliminated certain items from the S-IV-10 checkout program. This action

expedited completion of the S-IV program. The amended checkout procedures

also avoided budget and manpower problems arising from conflicting S-IV and

S-IVB test program schedules. Items omitted included cryogenic weighing op-

erations, GSE checkout, vehicle/GSE interface checkout, electromagnetic com-

patibility checkout, instrumentation stimulation, instrumentation telemetry

compatibility, and instrumentation radio frequency compatibility during post firing.

The instrumentation subsystem checkout during postfiring checkout will replace

the instrumentation stimulation. Because of the incompatibility of the GSE in

Test Stand 2B, checkout of the exploding bridgewire destruct controller will occur
at KSC.

On December 5 test engineers installed S-IV-10 in Test Stand 2B and con-

tinued the prefiring modifications started in the Evaluation and Development

Building. During the remainder of the month technicians continued to prepare

S-IV-10 for a January 1965 acceptance firing.32

At MSFC in mid-September technicians removed the S-IU-10 structural

shell from storage andbegan component assembly operations. The assembly op-

erations continued on schedule during the remainder of the report period.

Status of Payloads for Saturn Flight Vehicles

Vehicles SA-9, SA-8, and SA-10 have two payloads, the boilerplate Apollo

spacecraft and a micrometeoroid measurement capsule. During the flight of these

three Saturn vehicles the structural soundness and aerodynamics of the space-
er_ft will ha fp_fpr] Tha_.nIo aT _.A.._e _'_ ..... + .... _..1 .^_. ....... , ....

July 21, 1964, officially renamed "Pegasus A, B, and C"--will be to provide en-

gineering data about the near-earth meteoroid environment in which space vehicles

operate. The primary data to be collected will be the meteoroid penetration fre-

quency versus material thickness.

32. Test Lab., MPR, Nov. 12 -Dec. 12, 1964, p. 38; Saturn I/IB Off., MPR-

SAT-I/IB-64-2&3, p. 16; and W. L. Fowler, S-IV Project Engineer, Sixth Flight

Vehicle, S-IV-10_ pp. 2-4.
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APOLLO BOILERPLATE AT CAPE 

Shownina hangar at Kennedy Space Center is a boilerplate Apollo space- 
craft  scheduled for flight aboard a Saturn I vehicle. 
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North American Aviation (NAA) develops the boilerplate Apollo space-

craft under contract to NASA's Manned Spacecraft Center (MSC). MSFC, how-

ever, has responsibility for adapting the service modules for launch storage of

the Pegasus capsules. MSFC is responsible also for adapting BP-9, a space-

craft previously used by MSFC and MSC in development tests, as a flight space-

craft. Design and development responsibility for the Pegasus capsules alsobe-

longs to MSFC. Fairchild Hiller Corporation (FHC) which until October 1964

was Fairchild Stratos Corporation, is contractor to MSFC for design and develop-
ment of these capsules.

BOILERPLATE APOLLO SPACECRAFT--BP-16, BP-26, AND BP-9

The Apollo spacecraft for Saturn SA-9, SA-8, and SA-10 flights consists

of a boilerplate command module, boilerplate service module, spacecraft adapter,

and the launch escape system with its live jettison motor. The spacecraft weighs

about 18,600 pounds, measures 63.4 feet in length from the adapter field splice
to the LES nosecone, and has a maximum diameter of 12.1 feet.

Earlier in 1964 NAA's Space and Information Systems Division (S&ID) had

shipped the boilerplate service modules, spacecraft adapters, and associated

hardware to MSFC for modification. The modification made these adaptable for

the Pegasus payloads. In July and August 1964 S&ID accelerated manufacturing

operations on BP-16 and BP-26 command modules and launch escape systems in

orderto have both ready for shipment to KSC at the same time. Toward the end

of August S&ID shipped the command modules to KSC aboard the Pregnant Guppy

aircraft. The contractor transported the two LES units to KSC by truck. 33

Meanwhile, atMSFC personnel completed modification of the BP-16 ser-

vice module, adapter, and insert to make them adaptable for Pegasus A. On
November 14 the Center shipped the module and its associated hardware to KSC

via the Pregnant Guppy. MSFC's modification of the BP-26 service module pro-

gressed satisfactorily throughout the rest of this report period.

In the first half of the report period MSFC received from MSC the BP-9,

a government-purchased spacecraft used as a test article. MSFC immediately

began to prepare the spacecraft for flight. Preparation included performing the

necessary documentation, rework, and testing of each major assembly, including

a separation system not a part of the original hardware. The Center also began

to modify the service module to make it adaptable for Pegasus C. The modification

33. Public Affairs Off., Marshall Star, "Two Apollo Test Craft Now at Cape,"
Aug. 26, 1964, p. 9.
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operations proceededsteadily during the last quarter of the report period. Fol-
lowing modification of the spacecraft MSFC will perform flight qualification and
verification onBP-9. The Center will schedule delivery of BP-26 hardware and
theBP-9 spacecraft to correspondwith the delivery of PegasusB and C at KSC.34

PEGASUSCAPSULESA, B, AND C

The Pegasus is part of NASA's expanding meteoroid detection program.

This program directed by NASA's Office of Advanced Research and Technology

is defining the hazards that meteoroids present to space vehicles. The specific

objectiveof the Pegasus Project, as stated earlier in this chapter, is to provide

engineering data about the near-earth meteoroid environment in which space ve-

hicles operate.

Before and during launch the Pegasus is housed in the 10-foot-diameter

Apollo service module attached to the S-IV stage. After injectioninto orbit and

separation ofthe conical Apollo command module and part of the service module,

the Pegasus remains attached to the S-IV stage. On deployment the folded wings

of the Pegasus, now a satellite,are 14 feet wide and 96 feet long.

The satellite'swings are covered by thin sheets of aluminum coated with

thin layers of mylar. The back of the mylar surface is coated with an extremely

thinlayer ofvapor-deposited copper on gold foil. An electric potentialestablished

between the outer aluminum skin and the inner metal coating charges the entire

"sandwich" and makes ita huge capacitor. Each time a panel is penetrated by a

meteoroid, the material removedby the impact is vaporized to form a conducting

gas plasma that discharges the capacitor. Levels of impact energy are differen-

tiated through use of double-sided capacitors, target sheets of three different

thicknesses. Directional information isgained byuse of a combined solar sensor/

earth sensor system. The Pegasus electronic system registers all penetrations

and stores a record of panel thickness, panel number, and time of penetration as

well as temperature data. Upon ground command the information is read out of

the memory system and telemetered to the ground. A digitalcommand system

provides on/off control of the various system components, circuit replacement,

certain in-flighttests,and other controlfunctions. A solar cell (nickel-cadmium)

battery power supply provides allpower for the satelliteduring its one-year life.35

34. Saturn I/IB Off., MPR-SAT-I/IB-64-2&3, pp. 3, 14, 16, and 18; Memo, Lee

B. James to Distribution C, "Project Name for MMC, " Aug. 3, 1964; and KSC,

TR-159, p. 4 and TR-168, pp. 2-3.

35. Public Affairs Off., Pegasus Fact Sheet, Sept. 1964.
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In this report period the Pegasus contractor, FHC, continued fabrication,

assembly, and testing of the prototype components and Pegasus A, B, and C cap-

sules. Difficulties experienced in developing the prototype electronic canister

(the last component to be developed for the prototype) persisted through July and

August. FHC completed testing of the canister on August 21. Testing of Pegasus

A began with prototype hardware until flight hardware became available. Two

major problems in flight component development involved Alodine coating of the

detector panel skins and development of hard foam cores for the detector panels.

FHC and a subcontractor, G. T. Schejeldahl (G. T.S. ) Company, increased ef-

forts in both these areas in August.

To avoid delay and also to gain full advantage from launching Pegasus A,

NASA and MSFC realized late in August the necessity to reprogram Pegasus de-

velopment. The program managers considered deletion of the Pegasus A experi-

ment but finally decided to retain the experiment and to use the resulting data in

the Pegasus B and C experiments. The program guidelines established at this

time calledforlaunch of Pegasus A with as many components as possible in final

configuration and completely qualified. The components not formally qualified

would be functionally identical to the final design. NASA stated that flight life of

less than one year would be acceptable for Pegasus A. The guidelines called for

no changes in the requirements for Pegasus B or C capsules.

Review of the Pegasus development in September and October revealed

that many critical items, both vendor- and FHC-supplied, had not completed

formal qualification tests. Development and qualification of the capacitor detec-

tor panels, a necessary item, continued to be the major difficulty. The problems

still were Alodine coating of the panels and degradation of the foam core due to

space radiation. Completion of the capacitor detector panels became the pacing

item in development of the flight capsules. MSFC and FHC intensified their ef-

forts toward solution of both problems. The launch schedules for SA-9 and SA-8

were rescheduled two months later and SA-10 one month later to allow more de-

velopment time.

In October NASA Headquarters reassessed the Pegasus Project and again

decided that little saving could be gained by eliminating Pegasus A and Saturn

flight SA-9. Instead, NASA on October 26 directed MSFC to appoint a Pegasus

Project Officer to give technical direction to the project. As directed by NASA,

the Project Officer appointed by MSFC continued to follow the guidelines estab-

lished inAugust. The Project Officer and his staff took direct action in monitor-

ingand assisting FHC in its development and qualification program. MSFC also

supplemented FHC's efforts with in-house help by the Astrionics Laboratory.
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trailer for all remaining S-I shipments beginningwith S-I-9. The contractor as-
sumed full responsibility for transporting the Saturn S-I stages to and from
Michoud.38

On August 1 MSFC awarded Saucer Marine Ways of New Orleans,
Louisiana, a contract for modifications to the barge Palaemon. The contractor

in October completed the modifications, which included installation of a pilot

house as well as a wing bridge. The barge returned to operation November 2.

In November MSFC removed a defective radar from the barge Promise and re-

placed itwith a newRCA unit. This change standardized all radar sets on existing

and proposed water transportation vessels. 39

Support in the area of air transportation involved modification of a pal-

let for shipment of boilerplate service modules. Hayes Aircraft Corporation

manufactured and modified the pallets for MSFC to meet Federal Aviation Agency

stress standards. In November MSFC prepared a layout for air shipment of

Pegasus A aboard the Pregnant Guppy. Tiedown arrangements were checked out

also in November. First air shipment of a Pegasus flight capsule occurred in
December. 40

MSFC tested GSE for KSC and returned the equipment to Cape Kennedy.

The Center on July 21 completed testingof umbilical swing arm No. 3 and as-

sociated equipment under conditions as similar as possible to vehicle launch situ-

ations. The swing arm operated satisfactorily and required only minor modifi-

cation. This swing arm will provide electrical, pneumatic, air conditioning, and

propellant services to the various stages of Saturn vehicles SA-9, SA-8, and SA- 10.

In August MSFC checked out six KSC-modified Hadley valves and a Flodyne

valve for umbilical swing arm No. 2. These valves, used to shut off LOX and

LH 2 lines after disconnection of the umbilical housing from the S-IV stage, failed

to close properlybecause of a faulty control system. MSFC completed functional

tests on these valves and returned them to KSC for use during the SA-7 launch.

MSFC also tested Block II holddown arm components used at LC-37B and LC-34

to define and eliminate all unsatisfactory conditions. 41

38. MSFC, MHM-9, pp. 59-60; and Test Lab., MPR_ July 12 - Aug. 12 t 1964_
p. 41.

July 1- Dec. 31_ 1964, p. 23.

40. Test Lab., MPR, July 12-Aug. 12_ 1964, p. 39; and Nov. 12- Dec. 12,

1964, p. 36.

41. TestLab., MPR_ July 12 -Aug. 12, 1964, p. 39; and Test Lab., Hist. Rpt.,

July 1- Dec. 31, 1964, p. 5.
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An MSFC Astrionics' review of the project in mid-Novemberindicated
that the electronic designwas satisfactory and that the mechanical design at the
blackbox level and the power supply were marginal. In a PegasusA quality re-
view onDecember 14Astrionics personnel taggeda number of componentareas
forfurther checking. Delivery of PegasusA to General Electric's plant at Valley
Forge, for scheduledcheckout prior to shipment, slipped to December 19. FHC
shippedPegasusA to KSCDecember 29, 1964. The Capehangar checkoutbegan
on a two-shift operation, in an attempt to recover the slippage in scheduleand
support the proposed February launch date for SA-9.

In spite of the PegasusA delays, at the end of this period no delay was
anticipated in delivery of PegasusB and C to KSC. NASAexpecteddelivery to
be in time for the proposedlaunches of SA-8 and SA-10.36

Vehicle Support Activity

Major facilities to support Saturn I development were complete prior to

this report period except for an Engineering and Office building under construction

at Michoud Operations. This building, for use by Saturn I, IB, and V contractor

personnel, was completed on October 15. The government gained beneficial oc-

cupancy on September 1. By November 10 all personnel had moved into the

building. 37

The Center's activity inthe support area diminished considerably during

this six-month period, as was expected with the Saturn I program nearing com-

pletion. Some of the remaining support activities involved Saturn I transport ve-

hicles; the rest were concerned with testing Saturn I launch GSE for KSC.

In July MSFC completed a spare parts inventory of S-I dolly equipment

preparatory to transfer of S-I dolly maintenance to CCSD. The Center submitted

the inventory to CCSDJuly 29 and requested CCSD to use an R&D instrumentation

36. NASA, Minutes of the Project Pegasus Review Meeting, Aug. 19, 1964, and

Oct. 26, i964; Memo, Raymond L. Bisplinghoff, Assoc. Adm. for Advanced Re-

search and Technology, NASA, to Assoc. Adm. for Manned Space Flight, "Qualifi-

cation of Capacitor Detectors for Pegasus Spacecraft, "Oct. 23, 1964; Ltr., George

E. Mueller, Assoc. Adm. forManned Space Flight to Dr. WernhervonBraun, Dir.,

MSFC, Nov. 25, 1964; Memo, Lee B. James, Saturn I/IB Project Off., to Dr.

vonBraun, et__:,al., "Pegasus Schedule," Dec. 15, 1965; and KSC, TR-159, p. 4.

37. Michoud Op., Hist. Rpt., July I -Dec. 31, 1964, p. 37.
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UNIT OF SATURN FLEET 

The riverbarge,  Palaemon, is used in the transportation of Saturn I com- 
The vessel underwent iiiodification during the period cf the report. ponents. 

. . ---- 
*--.n. - -4- 

APOLLO IS LOADED 

A boilerplate Apollo spacecraft is loaded on the aircraft  Pregnant Guppy 
f o r  transport  from Redstone Arsenal Airfield. 
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Near the end of the July-December 1964 period MSFC completed and

shipped to LC-37B the second mobile capsule checkout unit to support the Pegasus

launches. A third mobile unit and a set of blockhouse GSE to support the capsule
at the launch site will be shipped to KSC in January 1965.42

Funding

MSFC obligations for the Saturn I program during the first half of Fiscal

Year 1965 totalled $ 22,252,000. Breakdown of the obligations by program phases

was as follows: Saturn S-I stage, $5, 481,000; S-IV stage, $9, 676,000; Instrument

Unit, $1,047, 000; Ground Support Equipment, $690, 000; and Vehicle Support,
$5,358, 000. 4_

Summary

The Saturn I became operational during this report period when NASA or-

bited a 39, 000-pound payload that included the S-IV stage, the IU, BP-15, and

an LES. This highly successful flight occurred on September 18 from LC-37B.

Emphasis inthe Saturn I program changed from hardware development to

checkout and launch preparation of SA-9, SA-8, and SA-10. MSFC and the stage

contractors completed acceptance tests of all Saturn I hardware except the S-IV-

10 in January 1965.

Shipment of the SA-9/Apollo vehicle to KSC began in October and ended in

November. In November KSC completed erection of the vehicle on LC-37B and

immediately began prelaunch checkout.

InAugust MSC's Apollo spacecraft contractor, S&ID, completed delivery
of all the spacecraft hardware that would fly on Saturn I vehicles. S&ID delivered

BP-16 and BP-26 command modules and launch escape systems to KSC. The

craft underwent modification at MSFC to accommodate Pegasus capsules. MSFC

delivered the BP-16 hardware to KSC on November 13 and planned to deliver

BP-26 ata time compatible with delivery of Pegasus B. At the close of this period

modification of BP-9 for launch by SA-10 was underway at MSFC.

42. Saturn I/IB Off., MPR-SAT-I/IB-64-2&3, p. 18.

43. All funding information supplied by Louis E. Snyder, Chief, Budget and Op-

erations Branch, Financial Management Office, MSFC, Aug. 24, 1965.
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One phase of activity interrupted the progress in theSaturn I program
during this six months. This problem area involved fabrication, assembly, and
checkoutof thePegasusA, B, andCcapsulesfor SA-9, SA-8, and SA-10. Solution
of problems connectedwith developmentofthe capsules' capacitor detector panels
slowed the development program and required the concerted efforts of the con-
tractor, FHC, and MSFC. In August NASA established new guidelines for the
Pegasus Project; in Septemberthe proposed dates for the Saturn launches were
slipped several monthsto allow more time for capsuledevelopment. On December
29 FHC delivered the first flight capsule, PegasusA, to KSC.
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CHAPTER I I I: SATURN IB

The two-stage Saturn IB launch vehicle will launch manned Apollo space-

craft into earth orbit for astronaut training and spacecraft development prepara-

tory to manned spacecraft flights to the moon using the larger Saturn V.

Standing 225 feet tall and with a liftoff weight of about 1,297, 000 pounds,

the Saturn IB is a "hybrid" vehicle incorporating the first stage (S-I) of Saturn I

and the third stage (S-IVB) of Saturn V. The IB's instrument unit (IU) is almost

identical to that of Saturn V's.

For Saturn IB application, the S-I stage is designated S-IB. The stage's

weight is reduced by some 20, 000 pounds from that of the Saturn I configuration,

the thrust of its eight H-1 engines is increased from 188, 000 pounds (188K) each

to 200K, and it has improved and lighter fin construction. Saturn IB application

of the S-IVB stage calls for lighter aft and forward skirt construction; a cylindri-

cal interstage to coincide with the 257-inch diameter of the S-IB stage; and a

smaller attitude control module because there is no restart requirement for its

J-2 engine. Minor changes in the Saturn I]3 and Saturn V IU are in equipment and

instrumentation and vary according to the different mission requirements.

Inthe two years 1 of Saturn IB program management MSFC completed pre-

liminary definition of the vehicle, provided industrial contractors with stage

specifications and much of the design data, and directed the contractors in the

research and development (R&D) of the stages and instrument unit.

When the Saturn IB program entered its third year of R&D in September

1964, production and testing of ground test stages was well underway. Before the

current report period ended in December, the manufacture of the first flight ve-

hicle (SA-201) was nearly complete and manufacture of stages for the next three

flight vehicles was in progress.

NASA, MSFC, and the Manned Space Center (MSC) continued in the July -

December 1964 period to coordinate Saturn IB mission requirements for the 12-

vehicle program (three R&D and nine operational vehicles). Missions other than

1. The past history of the Saturn IB program is contained in MSFC, Marshall

HistoricalMonographNo. 7 (MHM-7), History of the George C. Marshall Space

Flight Center, Jan. 1- June 30, 1963, pp. 65-86; and subsequent histories,

MHM-8, pp. 57-91; and MHM-9, pp. 65-105.
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FIRST UPRATED H-1 ENGINE 

k Cnrysler engineer completes acceptance inspection on the first 200,000- 
pound-ihrust E-i  engine delivered by Xocketdyne ior ihe Saturn I i 3  vehicle. 
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the primary mission--placement of the Apollo spacecraft in earth orbit for de-
velopment testing and astronaut training--received consideration. Suborbital
"lob" missions were assignedto SA-201 and SA-202, and a liquid hydrogen (LH2)
experiment wasaprimary mission for thethird flight vehicle (SA-203). A number
of missions under consideration called for more payload capability, andMSFC
continued study efforts leading to a third stageand/or to vehicle improvements
that would increase the payload capability.

S-IB Stage Research and Development

The S-IB (booster orfirst) stage of the Saturn IB vehicle is 80.2 feet long

and 21.4 feet in diameter without fins (40.7 feet with fins). Eight H-1 engines

provide total sea level thrust of 1.6 million pounds. 2 Four model MB-I solid

propellant rocket motors provide first stage retrothrust at S-IB/S-IVB separa-

tion. 3 Dry weight of the S-IB stage is about 94, 500 pounds.

Chrysler Corporation Space Division (CCSD) is the prime contractor for

research, development, fabrication, assembly, checkout, static test, and launch

support for the S-IB stage. CCSD uses drawings and specifications furnished by

MSFC, except for certainareas for which CCSD has design responsibility. Except

for static testing and launch operations, the contractor performs all S-IB stage

effort at the government's Michoud Operations, New Orleans, Louisiana. Con-

tractor personnel conduct S-IB static testing in modified S-I stage test facilities

at the MSFC complex in Huntsville, Alabama, and launch operations at Kennedy

Space Center (KSC).

ModificationstoCCSD's S-I/IB stage contract (NAS 8-4016) in the July -

December 1964 period increased its value by $11,970,481 for a total value of

$317,262,198. The period increase extended through June 1965 CCSD's support

in aeroballistics, engineering documentation services, and direct engineering.

The increase also provided for modification of plant facilities, restoration of

former office facilities in New Orleans to their original condition, modification

to NASA ' s barge Promise, study effort to define a preliminary Saturn IB/Minuteman

2. P&VE Lab., SaturnIBMissionPlanand Technical Information Checklist, Vol.

II, Rev. 3, Sept. l, 1964, p. 4.

3. KSC, Technical Progress Report, Third Quarter, cY-i 965, (TR-250), p. 21.
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configuration, concept design of Saturn IB ground support equipment (GSE) data,

procurement ofnewS-IB stage hardware, and redesign, fabrication, and qualifi-
cation of certain S-IB components. 4

DESIGN AND ENGINEERING ACTIVITY

In the July - December 1964 period all S-IB stage program participants

continued efforts to reduce the weight of the stage and also to improve its capa-

bility. Separate investigations in areas of structural and component engineering,

strength analysis, dynamics and loads, andvibrations and acoustic characteristics

were performed at Michoud by CCSD personnel and by MSFC personnel in

Huntsville.

Engineering activity resulted in systems improvement in several areas.

One major design improvement was rerouting of the inboard turbine exhaust to

endhot-gasductingabovethefirewall. Rocketdyne shortened the ducts and CCSD

eliminated the turbine exhaust fairings; the new ducting system resembled the

aspirator system used on outboard engines. Advantages were improved aero-

ballistic characteristics for the stage and reduction in overall weight of the stage. 5

The design change will be incorporated in S-IB-3 and subsequent stages.

Changes in the S-IB liquid oxygen (LOX) venting system, another major

redesign, solved a LOX loading problem which was a carryover from the S-I stage

program. 6 The redesigned system has a 7-inch butterfly valve on each outboard

LOX container and a 4-inch mechanical relief valve ? on the center container closing

the vents and preventing spillage during the replenishing process. The system

retained inflight vent capability. B

4. Michoud Op., Historical Report, July t -Dec. 31, 1964, pp. 13-15.

5. n)id___..:,pp. 7-8.
6. In Saturn I different boiloff rates for the windward and leeward LOX tanks

created different pressuL_s wi'_in the tanks during loading. T-his caused different

heights of liquid to be loaded and consequently less than the required amount of

fuel. Replenishing the tanks to the required I. 5 per cent fuel ullage resulted in

LOX spillage into the GOX riser.
7. This mechanical relief valve will be replaced by a pneumatic relief valve for

S-IB-3 and subsequent stages.

8. P&VE Lab., Monthly Progress Report for Period Aug. 12, 1964, Through

Sept. li, 1964, MPR-P&VE-64-9, p. 33; MPR-P&VE-64-10, p. 34; MPR-P&VE-

64-11, pp. 36-37; and Michoud Op., Hist. Rpt., July i - Dec. 31, 1964, p. 8.
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H-I FINAL ASSEMBLY 

An H- 1 rocket engine for Saturn IB is shown being assembled at Rocket- 
dyne's Neosho ¶ Missouri, plant. 

S-IB STAGE AT MICHOUD 

In the Saturn I/IB manufacturing area at Michoud Operations is a flight 
S-IB stage. 
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Rocketdyne Division of North AmericanAviation (NAA), prime contractor

for the H-1 engine, completed development of the basic 200K qualification and flight

configuration engine duringthis report period. Uprating the 188K engine to 200K

required modification of the main LOX valve, main fuel valve, oxidizer discharge

duct, turbine exhausthood, andheat exchanger. Also required were improvements

to the number 7 turbopump bearing. Production of the modified components will

be effective in S-IB-3 engines; S-IB-1 and S-IB-2 engines will be retrofitted with

the components.

The engine contractor also initiated at the Rocketdyne plant in Canoga

Park, California, a development program for an improved injector. Rocketdyne

began this program to increase the payload capability of the S-IB stage. 9

S-IB DYNAMIC TEST STAGE

The S-IB stage groundtest program includes only the dynamic and facility

tests. This is true because its functional design received flight certification dur-

ing the Saturn I S-I stage program.

The Saturn I dynamic test stage (SA-D5) modified to the Saturn IB con-

figuration (S-IB-D/F) willbe used to support both the dynamic and facility tests.

On July 22 CCSD received the SA-D5 at Michoud for modification. The

S-IB stage contractor weighed the stage to determine the longitudinal center of

gravity and then' removed the components and tanks. One fuel tank and the 105-

inch LOX tank were shipped to Ling-Temco-Vought in Dallas, Texas, for modi-

fication. The other components were labeled S-IB-D/F and stored. In late

September CCSDbeganbuildup of the S-IB-D/F with a modified flight tail section,

a new spiderbeam, the modified tanks, and the usable SA-D5 components. Ballast

was added inthe stage to relocate the center of gravity to the S-IB-1 configuration.

CCSD completed modification and checkout of the stage in early December and on

December 22 shipped it to MSFC's test complex in Huntsville. 10

S-IB FLIGHT STAGES

Production of the first four S-IB flight stages progressed at Michoud during

the report period.

9. Engine Project Off., Quarterly Progress Report_ F-I_ H-l, J-2, and RLI0

Engines, July, Aug., & Sept., 1964, QPR-Eng-64-2, pp. 21-23; and QPR-Eng-

65-1, pp. 15-17.

10. SaturnI/IB Off., I/IB Progress Report, .Mar. 16 - Sept. 30_ 1964, MPR-SAT-

I/IB-64-2&3, p. 21.
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FIVE SATURN BOOSTERS 

Pictured at  Michoud Operations are S-I and S-IB stages i n  various de- 
grees of completion. Chrysler Corporation builds these boosters for  NASA. 

S-IB-2 I N  ASSEMBLY 

In November 1964 Chrysler workmen at  Michoud Operations fit inboard en- 
gines i n  S-IB-2, the second Saturn IB flight booster. 
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SATURN I BOOSTER ENGINE ASSEMBLY 

Workmen at North American Aviation's Rocketdyne Division, Canoga Park,  
California, assemble an H-I  engine. 
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In the week of July 20 CCSD completedclustering of tanks for the first
flight stage (S-IB-1). The stage contractor received all the up_'ated(200K) en-
ginesfor S-IB-I from Rocketdynein late July and installed them in the stage. In
early November CCSDinterrupted S-IB-1 assembly operations to allow removal
and return of the engines to Rocketdynefor LOX dome and injector retrofit. On
November 20 CCSD completed assembly operations without the engines and on
November 24 placed the stage in CheckoutStation No. 2. The contractor com-
pleted 55per centoftheprestatic checkout; reinstallation of the engines and com-
pletion of prestatic checkoutwill occur in January and February 1965.11

CCSD accomplished buildup ofthe spiderbeam for S-IB -2 inJuly and August.

Inlate September the contractor began the S-IB-2 assembly operations with tank

clustering. By the end of December CCSD had completed 60 per cent of the as-

sembly operations.

Fabrication of S-IB-3 components began at Michoud in July. At the end

of this report period CCSD had completed the S-IB-3 barrel assembly, and as-

sembly of the outriggers to the barrel assembly was underway.

CCSD commenced fabricationofS-IB -4 components on October 18, 1964.12

S-IVB Stage Research and Development

The S-IVB (second) stage of the Saturn IB vehicle is 59.1 feet long, 21.7

feet in diameter, and weighs about 14 tons dry. Fully loadedwith propellant the

S-IVB/IB stage weighs over 130 tons. Its one J-2 engine provides 200,000 pounds

thrust (in a vacuum). The basic structure of the S-IVB consists of the forward

skirt assembly, liquid hydrogen (LH 2) tank, LOX tank, aft skirt assembly, thrust

structure engine assembly, and aft interstage assembly. Both propellant tanks

are inone container with the LH 2 tank forward of the LOX tank. A common bulk-

head within the container separates the two tanks, la

ii. Michoud Op., Hist. l_t., July i - Dec. 31, 1964, pp. 2 and 10; and Saturn

I/IB Off., MPR-SAT-I/IB-64-2&3, pp. 19-21; and MPR-SAT-I/IB-65-1, p. I0.

12. Saturn I/IB Off., MPR-SAT-I/IB-64-2&3, pp. 21 and 30;MichoudOp.,

HistoricalReport, July i -Dec. 31, 1964, p. 12; and Teletype, M. Johnson, Chief,

Program Cqntrol Off., MSFC, to Director, Apollo Program Control Off., NASA,

"Weekly Notes, Saturn I/IB," Jan. 4, 1965.

13. P&VE Lab., Saturn IB Mission Plan & Technical Information Checklist, Vol.

If,Rev. 3, Sept. I, 1964, p. 4; and Saturn V Off., Saturn V Glossary, MSR-SAT-

V-65-52.
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The Missile and Space Systems Division of Douglas Aircraft Company

(DAC) is the prime contractor for design, development, fabrication, and test of

the S-IVB stage. DAC performs the S-IVB stage operations at company sites in

Huntington Beach, Santa Monica, and Sacramento, California.

The first S-IVB/IB contract action (a modification to the Saturn V S-IVB

contract inDecember 1963) provided for four S-IVB/IB stages. On June 10, 1964,

MSFC forwarded to DAC a request for quotation for the remaining eight S-IVB/IB

stages scheduled in the program and for a set of ground support equipment (GSE).

MSFC received DAC's proposal in September, and in December final contract

negotiations were progressing. 14

A thorough investigation in August and September of the Saturn IB program

status--by Saturn IB contractors, NASA Headquarters, and MSFC--revealed the

S-IVB stage to be the pacing item in the development program. Several critical

areas in the S-IVB program caused delays. To overcome delay in the program

and to regain contract delivery schedules for test stages and flight stages, DAC

rearranged test objectives among S-IVB test stages and concentrated on manage-

ment improvement.

The contractor deleted requirements for all-systems testing and diverted

most of the engineering effort from development of the "live" ground test stage 15

to the first flight stage (S-IVB -201 ). The contractor also deleted design assurance

and qualification testing prior to SA-201 acceptance firings. These revisions

placed the S-IVB-201 acceptance tests back on schedule. DAC made other pro-

visions in the qualification test program to assure total component qualification

prior to the flight of SA-201. The auxiliary propulsion system (APS) test pro-

gram was revised so that a production flight module could be hot-fired in con-

junction with a J-2 engine acceptance firing, t6

i4. MSFC, MHM-9, p. 83; andSaturn I/IB Off., MPR-SAT-I/IB-64-2&3, p. 21.

i 5. InMay 1964 program planners terminated production of the facilities checkout

stage. They planned, on completion of all-systems testing, to use the all -systems

test stage in checkout of facilities. The program assessment in August resulted

in deletion of all-systems testing and left only facilities checkout missions. En-

gineering effort to develop the stage for"live" testing ended and DAC redesignated

the stage as the facilities checkout stage.

See Saturn I/IB Off., MPR-SAT-I/IB-2&3, pp. 23 and 31.

16. SaturnI/IBOff., MPR-SAT-I/IB-64-2&3, pp. 19 and 21; Ltr., C. R. Able,

Vice Pres. and GeneralMgr., DAC Missile & Space Systems Div., to Dr. Wernher

vonBraun, Dir., MSFC, Sept. 17, i 964; and DAC, S-IVB SaturnMonthly Technical

Progress Report, Issue 26, SM-46794, pp. 3-4 and 129.
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DESIGNAND ENGINEERINGACTIVITY

The design of each component and system in the stage undergoes a period

of qualificationbeforebeing released to production. Design qualification involves

studies, analysis, and tests of prototype components and systems. The design

qualification phase often ends in component and system improvement. Much of the

improvement results from engineering activity to correct defects. New or addi-

tional mission requirements call for other changes and improvement to the basic

component and system design.

Designanalyses inthe current period led to selection of the TX-280 motor

for Saturn IB and Saturn V S-1VB ullage rocket systems. Results of the analyses

also led to strengthening of the ullage rocket fairing in the region of the forward

motor support. This move would preclude possible delays in vibration qualifica-

tion of the motor inbracketry simulating the flight configuration. In October DAC

finalized contract actionwith Thiokol Chemical Corporation for 48 TX-280 motors

and spares. Thiokolwill deliver themotors infour separate groups in 1965, 1966,

1967, and 1968 to avoid over-aging of motors.

A number of design and development analyses underway during this period

concerned the retrorocket system, the effects of retrorocket flame impingement

onthe S-IVB stage during separation, and controllability of the S-IVB stage dur-

ing separation from the S-IB stage. 17

DAC's analyses of the primary propulsion system involved the oxidizer

system, coldhelium purge, propellanttank pressurization, J-2 engine LOX chill-

down system, and LOX system performance during steady state operation. Rocket-

dyne, the J-2 engine contractor, continued investigations leading to solution of

several component problems existing in J-2 engine development. Among major

problems solved were operation of the fuel turbopump, gas generator, and pro-

pellant utilization valve. Late in this period Rocketdyne completed the J-2 en-

gine preliminary flight rating tests (details are in the Saturn V chapter).

Design ar-mlyses led to uv_m_L_vu............ v_" the S-I_ ..... .-^__1 ,^1 __^, ......

tem in September. The telemetry system on operational vehicles will consist of

a single PCM/FM link from the S-IVB stage. This single link will carry mission

17. DAC, SM-46770, Issue 25, pp. 14 and 41; SlVl-46824, Issue 27, pp. 19 and

52; SM-46897, Issue 28, pp. 18 and 20; and SM-46935, Issue 29, pp. 20, 22, 23,

and 27.
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control data andengineering performance data. The system is so designedthat
S-IVB mission control data will appear onboth the S-IVB and IU telemetry links.
Ineventoffailure of one link, vehicle mission control data will be available from
the other link. Drawings for the componentdesignnearedcompletion. DAC awaited
MSFCauthority to proceedwith procurement of telemetry componentsfor S-IVB-
205 and subsequentSaturn I]3 stages and S-IVB-502 and subsequent Saturn V
stages.18

The newmissions assignedto flight vehicles SA-201, SA-202, and SA-203
necessitatedvehicledesignanalysis andchanges,particularly in theS-IVB stages.
Consequently, DAC initiated the additional design analyses during this report
period.

MSFCnotified DACinAugust that SA-201 and 202would test reentry of the
Apollo spacecraft heat shield. The vehicles will "lob" the spacecraft in trajec-
tories thatwill allow reentry andrecovery inthe SouthAtlantic and Pacific oceans.
Thepropulsion systemofthe spacecraft's service module will fire to cause a re-
entry speedof about 28,000 feet per secondin a realistic test of the heat shield.
Thetrajectory required could affect loads, heating, sloshing, and other environ-
mental conditionsimposedon the S-IVB stage. Throughout the remainder of this
period DAC investigatedthe impact of this mission changeonthe S-IVB structure. 19

In OctoberMSFCauthorized DAC to proceed with design of S-IVB-203 for
aprolongednear zero "g" LH2orbital experiment. The experiment will determine
the adequacy of the SaturnV continuous vent and ullage control rocket systems,
the behavior andheat transfer characteristics of LH2 under near zero "g" con-
ditions, andJ-2 enginerestart capability. Forthis mission considerable redesign
is required forthe 203flightvehicle, particularly the S-IVB-203 stage. LOX will
be loaded to 65 per cent of normal capacity in S-1VB-203to achieve a greater
quantity of LH2in orbit for observation. DAC redesigned the slosh baffle to main-
tain stability during the S-IVB burn. In the newbaffle configuration, a slosh ring
wasaddednearthe newloading limit. DAC also completed the layout and details
for mountingLH2instrumentation probe supports to the tank wall, and for mount-
ingthe required additional ambient helium bottle on the thrust structure. Design
wasalso underwayfor the TV system to view the interior of the LH2tank as were
modifications to the LOX vent port, batteries, and propulsive vents on the stage
structure whenthis period ended.20

18. DAC, SM-46794, Issue 26, pp. 4-5; SM-46897, Issue 28, pp. 11-12; SM-
46935, Issue 29, pp. 8-9; and Engine Project Off., QPR-Eng-64-2, p. 26; and
QPR-Eng-65-1, p. 23.
19. DAC, SM-46770, Issue 25, p. x; SM-46794, Issue 26, p. 8; and JosephW.
Cremin and William M. Gillis, MSFC, SA-201 Launch Vehicle Reference Tra-

jectory, TM X-53242, abstract.

20. DAC, SM-46824, Issue 27, p. 4; SM-46897, Issue 28, p. 4; and SM-46935,

Issue 29, pp. 3, 22, 30, and 38.
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Another redesign necessitated by new mission requirements involved the

retro system. MSFC authorized definition of a retro system for deorbiting the

Saturn IB/S-IVB from earth orbit with oceans (Indian, Pacific, and Atlantic) as

available impact areas. On December 3 DAC presented to MSFC results of a

study in which four different retrorocket configurations were investigated. The

system considered most feasible consisted of two 20-inch spherical retros attached

to the thrust structure of the S-IVB. MSFC requested a cost and schedule quotation

of the motors most likely to be selected from potential motor suppliers. Mean-

while, NASA directed DAC to proceed with a follow-on study of de-orbiting the

Saturn V/S-IVB with a view toward combining the design concepts of the Saturn IB

and Saturn V retro systems. 21

Considering the number of design revisions resulting from design analyses

and mission changes, DAC made significant progress in the fabrication and quali-

ficationof S-IVB components. When this period ended, the majority of layout and

production drawingsfor S-IVB structural components and subsystems were com-

plete; the rate of development and qualification tests had increased significantly.

During July - December 1964 the contractor completed certain qualifica-

tiontests of structural components. Qualification of the tank cylinder was com-

pleted on September 2. The tank cylinder withstood combined 100 per cent de-

signultimate loads of moment and axial compression with no structural damage.

DAC completed axial load, bending moment, pressure influence tests, and the

flight simulation maximum load test on the forward skirt section. Also completed

were stability analysis of the forward skirt and aft interstage frames and a load

analysis of the aft skirt frame. 22

DAC completed evaluation of the APS module design at Santa Monica in

July. In October the contractor completed Phase I qualification of the APS. Phase

I qualification consisted of engine cluster design evaluation tests. The tested

cluster contained three 150-pound-thrust attitude control engines; they were fired

separately inthe cluster and then together as a unit. Following successful static

firing of the S-IVB battleship stage in December ( see Test Vehicle section of R&D

coverage) DAC began preparations for the APS Phase II tests. Phase II tests,

scheduled for completion in June 196 5, will evaluate the module design at sea level

21. DAC, SM-46897, Issue 28, pp. 2 and 20; and SM-46935, Issue 29, pp. 21

and 81.

22. DAC, SM-46749, Issue 24, p. 65; SM-46770, Issue 25, p. 40; SM-46794,

Issue 26, p. 53; and SM-46897, Issue 28, p. 53.
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GAMMA TEST COMPLEX AT SACTO 

S-IVB stage auxiliary propulsion system (APS) modules a re  tested in 
these test cells at Sacramento Test Center's Gamma Complex. Douglas Ai r -  
c r d t  Company operates this facility. 

.. .- 

S-IVB BATTLESHIP I N  STAND 

The S-IVB battleshiD. in Saturn IB configuration, is shown in the Beta I 
test stand at Sacramento Test Center (SACTO) , California, where firings nc- 
cured late in the current period. 
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COM-MON BULKHEAD BUILDUP 

An S-IVB common bulkhead shell is lowered onto the lower dome for  f i t  
check before installation of honeycomb insulation. 
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conditions. Itwillbe the first test of a complete module, andtwo sets of engines
willbe employed in succession for testing. The APS flight rating tests are sche-
duled to begin in August 1965.23

S-IVB GROUNDTEST STAGES

TheS-IVBground test program--consisting of extensive developmentand
qualificationtests leadingto flight verification--requires thefollowing test stages:
structural test stage, battleship test stage, dynamic test stage, and facilities
checkout test stage.

Structural Test Stage:DACcompletedfabrication and assembly operations
inApril 1964forthis stage, and in June completed checkout operations. Early in
July DAC installed additional instrumentation in the stage to provide more com-
plete datain eventof a rupture during tests. The contractor then began testing
componentsto optimize and prove the design load-carrying capability and to es-
tablish a margin of safety beyondmaximum expected operational environment. 24
TheLOX tankpassedtheproof requirement pressure (hydrostatic) test but, dur-
ing proofing of the LH2 tank on July 14, the cylinder and forward dome ruptured
at approximately limit pressure. X-ray examination showedthat failure began
with lack of fusion in one area of theweld seam on the longitudinal portion of the
LH2 tank assembly. MSFC sent a representative to participate in investigation
of DAC's welding practices and controls. The investigating committee recom-
mended improvements in welding techniques and changesin DAC's radiographic
inspection procedures.25MSFCapprovedDAC' splan for continuing the structural
tests in August. The contractor returned the LOX tank to SantaMonica for re-
work in preparation for the thrust structure test. In October DAC completed dy-
namic spring-rate tests, initiated the retrorocket bracket test program of theaft
interstage andtheforward skirt, andran apreliminary systems checkout. Testing
of the forward skirt section continued to the end of December.2s

SaturnI/IB Off., MPR-SAT-I/IB-65-1, p. 6; and DAC, SM-46935, Issue 29,

" AAIA

P&VE

23.
p. i.
24. EdmundF. O'Connor, MSFC Industrial Op., "Saturn LaunchVehicles,
Paper No. 65-302, p. 31.
25. The weld cracking problem also existed in S-IV stagedevelopment.
Lab., MPR-P&VE-64-8, pp. 104-105.
26. Saturn I/IB Off., MPR-SAT-I/IB-64-2&3, p. 29; P&VE, MPR-P&VE-64-8,
pp. 57and i01; MPR-P&VE-64-9, pp. 42, and i03-i05; and MPR-P&VE-64-10,
p. 88; DAC, SM-46749, Issue 24, pp. I, 28-29, and 33; SM-46897, Issue 28, p.
59; and SM-46935, Issue 29, p. 63.
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Battleship TestStage: The S-IVB program review at the beginning of the

current report period showed this stage to be pacing development of the S-IVB pro-

pulsion program. MSFC extended the test period for the stage two additional

months (to March 31, 1965) to provide additional testing if necessary. From the

beginning of the report period to mid-September DAC reworked the S-IVB battle-

ship stage 2Y in preparation for the test program. The contractor successfully

conducted the first battleship cryogenic loading with liquid nitrogen and LH 2 on

September 18 at the Sacramento test site. The stage, facility, ground support

equipment (GSE), and instrumentation systems performed well. Successful cryo-
genic loading with LOX and LH2 and the overboard bleed chilldown occurred

September 25. Successful propellant loading and forward flow recirculation chill-

down on October 2, and special thrust chamber chilldowntests on October 9, com-

pleted the battleship chilldown program. DAC attempted the battleship ignition

firing on October 24 but encountered problems with the LOX and LH 2 prevalves.

The valveswere returned to Clary Dynamics Corporation for reworkand then re-

installed in the stage. The first mainstage shakedown firing occurred on Decem-

ber 1. The start conditions were obtained and maintained throughout the simu-

lated booster flight time of ten seconds. The stage, facility, and GSE performed

well during the highly successful firing. The second mainstage firing took place

on December 9 withengine sequence timeas 53.6 seconds and mainstage duration

as 50.5 seconds. A successful 150-sec ond mainstage shakedown firing, conducted

on December 15, completed the shakedown static firing series. On December 23

the battleship stage successfully endured the initial full-duration ( 414. 7-second)

static firing. The engine performed satisfactorily through engine start, steady

state operation, and shutdown operation. Saturn IB configuration battleship fir-

ings will continue to February 20, 1965. Test operations will then be shut down

and the stand and stage modified to permit engine gimballing and conversion to the

Saturn V configuration. The Saturn V development firings and cold and hot gim-

bal testing will follow. This firing plan will require extension of the program

from the scheduled date of March 31 to April 16, 1965.28

exceptionthatpropellant containers are of heavier thickness. During the battle-

ship tests, repeated engine firings are conducted to evaluate thoroughly the engine/

stage performance, propellant feed system operation, and compatibility of all stage

systems with engine systems.

28. Saturn I/IBOff., MPR-SAT-I/IB-64-2&3, p. 29; Saturn V Off., MPR-SAT-

V-64-4, p. 16; DAC, SM-46770, Issue 25, pp. xi-xii, and 13; SM-46794, Issue

26, pp. 129and136; SM-46824, Issue 27, pp. 21, 55-56; SM-46897, Issue 28, pp.

3, 43-44, and 74-75; and SM-46935, Issue 29, pp. 1-2, and 45-46; and Public

Affairs Off., Press Release, Dec. 1, 1964.
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Meanwhile, DAC encountered difficulty in procuringhardware for a battle-

ship for use in a follow-on battleship program at MSFC. Configuration changes

resulting from the Sacramento battleship program caused the procurement delays.

DAC initiated an expediting systemto provide MSFC with satisfactory components

attheearliest possible date. The most critical items are the propulsion system

and electronic components. 29

Dynamic Test Stage: At the beginning of the current report period this

stage (S-IVB-D) was in the environmental chamber at DAC's Huntington Beach

facility. DuringAugust DAC completed insulation of the S-1VB-D LH 2 tank, cleaned

the tank, and positioned it in Assembly Tower 2 where bonding of mounting clips

in the tunnel area progressed. In August Rocketdyne delivered J-2 engine J-2006

to DAC for S-IVB-D. DAC placed the stage in the Huntington Beach Vertical

Checkout Tower 5 at the end of September. This was for installation of the simu-

lated engine and hookup of the hydraulic system. On October 13 DAC initiated

checkout of the S-IVB-D, less a few vendor-supplied items still missing. The con-

tractor completed leak testing of the LOX tank fittings on October 14; completed

leak testing of the LH2 tank fittings on October 22; and ended the stage checkout

October 2 8 with the exception of one retest. "Oil canning" or buckling of the LH 2

bulkhead necessitated an additional proof pressure test on November 8 to insure

structural integrity. DAC then painted the stage, weighed it, and attached roll

rings before loading it on the States Marine Ship Aloha State at Seal Beach,

California, on December 8. The Aloha State sailed on December 9 for New Orleans

via the Panama Canal route. On December 21 the stage was transferred to the

riverbarge Promise and shipped up the Mississippi, Ohio, and Tennessee Rivers

to MSFC. DAC shipped vendor-supplied items missing during stage checkout to

MSFC direct by truck on December 14. 3°

Facilities Checkout Stage (Former All-Systems Stage) : Certain compon-

ents of this stage (S-IVB-500F) remained in storage in Tower 1 at Huntington

Beach until October 12 while floor assembly of the aft interstage continued in

Building 45. DAC completed the thrust structure assembly and machined the attach

ring in October. Installation of the thrust structure floor and out-of-position
electrical and mechanical installations of the forward and aft skirts continued

throughout October, November, and December. In late December DAC moved the

29. DAC, SM-46897, Issue 28, p. 9; and SM-46935, Issue 29, p. 8.

30. DAC, SM-46749, Issue24, p. 63; SM-46770, Issue 25, pp. 1, 13, 40, andT0;

SM-46794, Issue 26, pp. 108 and 111; SM-46824, Issue 27, pp. 73 and 92; SM-

46897, Issue 28, pp. 59 and 75; SM-46935, Issue 29, p. 63; and Saturn V Off.,

MPR-SAT-V-64-4, p. 16.
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S-IVB DYNAMIC STAGE 

S-IVB-D, a dynamic test stage, is shown following completion of assem- 
bly tests at Huntington Beach. 

S-IVB STAGES 

In various stages of manufacture at Huntington Beach, California, are 
S-IVB stages for the Saturn IB/V programs. 
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stagetoAssemblyTowerNo. 2 and joined the forward skirt, aft skirt, and thrust

structure to the tank section. During the period DAC recovered about seven of

ten weeks' delay in assembling the S-IVB-500F. The contractor expedited re-

design and delivery of several vendor-supplied items, particularly the liquid level

control unit and the propellant utilization electronic assembly. DAC also used

premium time during the manufacturing process and employed a special work task

group to locate and solve problems associated with completion and delivery of the

stage. The contractor expects to complete S-IVB-500F by January 2, 1965, for

delivery to the Sacramento test site. At Sacramento the S-IVB-500F will be used

to qualify the Beta 3 test facilities prior to the SA-201 acceptance test program.

Involved in Beta 3 checkout are propellant tanking tests originally slated for the all-

systems test stage prior to the S-IVB program realignment. Completion of GSE

at the test site has been the major problem precluding immediate initiation of the

Beta 3 test program. DAC expected, however, to overcome this delay so that

delivery could be made to KSC by the scheduled date of July 1.31

S-IVB FLIGHT STAGES

Production of the first four S-IVB flight stages progressed at DAC's Santa

Monica and Huntington Beach facilities in this report period.

DAC had the S-IVB-201 stage in Assembly Tower No. 1 at Huntington

Beach on July 1, 1964. A four-month delay in development existed because of

late vendor deliveries, design changes, and welding problems. Following the

S-IVB program review by DAC, MSFC, and NASA, the contractor initiated a vi-

gorous recovery plan to meet contract delivery schedule. After cancellation of

the all-systems testing, DAC shifted the engineering effort required to perfect a

test stage for "live" testing to development of the S-IVB-201 stage. The con-

tractor rearranged the sequence for many critical installations to relieve some

of the procurement and manufacturing problems. DAC also began in the most

critical areas touseadditional resources such as multiple shifts, premium time,

and additional manpower.

In August DAC began prefitting the insulation tile in the S-IVB-201 tanks

and also began welding assembly of the basic structure. By the end of October

DAC completed tank assembly insulation. In November DAC installed the tank in

31. DAC, SM-46749, Issue 24, p. 101; SM-46770, Issue 25, p. 112; SM-46824,

Issue 27, pp. 73, 75, and 93; SM-46897, Issue 28, pp. 59 and 76; and SM-46935,

Issue 29, pp. 63 and 83.
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S-IVB LOX TANK 

Undergoing manufacture in an assembly iuii-er ai IIiintington Bcazh, 
California, is theliquid oxygen tank of an  S-IVB stage for Saturn IB and Saturn V 
vehicles. 



Assembly Tower No. 2 for LOX tank beam and baffle rework. Horizontal place-

ment of the tank assembly occurred in December for LH 2 tank installations and

clip bonding. By the end of December DAC had completed assembly of the for-

ward skirt, aft skirt, and thrust structure. The contractor planned to begin sub-

assembly of the aft interstage in January 1965.

Program review at the end of the report period showed that DAC had re-
covered about two months in the S-IVB-201 schedule; the contractor planned to

begin systems checkout at Huntington Beach in February and turnover of the stage
to NASA at KSC in mid-October. 32

In the current report period DAC managed to recover approximately four

months' delay in the S-IVB-202 contract schedule. DAC did this by instituting

many of the same actions taken in recovery of the S-IVB-201 schedule. In the

first quarter of this period DAC completed fabrication and assembly of the pro-

pellant tanks. Personnel placed the tank assembly in Assembly Tower No. 4 in

September and in October completed hydrostatic proof test, cleaning, and leak

checks. The leak checks revealed that the attach angle welds needed repair. Fol-

lowingthe repair the contractorbegan insulation of the tank assembly; the insula-

tion was completed in December. Fabrication and assembly of the forward skirt

structure andthe thrust structure progressed to final stages, and subassembly of

the aft skirt was in progress at the end of December. DAC expected to have

S-IVB-202 ready for checkout at Huntington Beach in May 1965, approximately
two months later than scheduled. 33

In July production of major S-IVB structural subassemblies for S-IVB-203

was in process at Santa Monica. At the same time assembly of the cylindrical

tank sectionfor the stage was underway in Huntington Beach. Work at both places

progressed satisfactorily except for welding problems. Weld repairs to the LOX

tank assembly at Santa Monica delayed shipment of the assembly to Huntington

Beach until October. DAC completed seam welding of the cylindrical section of

the LH_ tanks inlate September and began welding the forward and aft rings to the

32. DAC, SM-46749, Issue 24, pp. 63 and 101; SM-46770, Issue 25, pp. 70, 75,

andl12;SM-46794, Issue26, pp. ill, i36, and t38; SM-46824, Issue 27, pp. 75,

91, and 93; SM-46897, Issue 28, pp. 60 and 76; and SM-46935, Issue 29, p. 84.

33. DAC, SM-46749, Issue24, pp. 63-64and 101;SM-46770, Issue 25, p. 75; SM-

46794, Issue 26, pp. lli and 138; SM-46824, Issue 27, pp. 75 and 94; SM-46897,

Issue 28, pp. 60 and 76; SM-46935, Issue 29, pp. 63 and 84; and Saturn I/IB Off.,

MPR-SAT-I/IB-64-2&3, p. 23.
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section. After transfer of the LOX tank assembly and the LH2 dome assembly
from its SantaMonica plant to Huntington Beach, DAC beganwelding the sections
together. The contractor completed the propellant tank assembly in November
and installed the tank for leak and dye checks in Assembly Tower No. i. With
the stage in the No. i Tower DAC personnel accomplished LOX tank beam and
baffle rework necessary for the LH2 orbital experiment. Other modifications to
the LH2tank, including addition of brackets for mounting the LH2 orbital experi-
ment instrumentation probe, will be accomplished prior to installation of tank in-
sulation. Whenmodified the stagewill contain hydrogen vent, hydrogen repres-
surization, andAPS systems simulating the S-IVB/V design.34

During the report period DACbegansubassemblyof major structural hard-
ware forthe S-IVB-204stageat SantaMonica. DAC fabricated the forward dome
segments and assembly, and the cylinder segments and assembly, for reduced
NPSH(net positive suction head) at 39 poundsper square inch, absolute ullage,
effective on stageSA-204. The S-IVB stage contractor experienced considerable
difficulty in fabricating the commonbulkhead. Replacement of a large section of
undersized coreat onelocation wasnecessaryand at another location misfit of the
forward skin tothe corenecessitated multiple layers of adhesives. This resulted
in awavyforward skin and a payload penalty of 50-60 pounds (the weight of addi-
tional adhesives used). Weld deficiencies in the LH2 tank seamwelds also re-
quired rework at HuntingtonBeach. At the end of this report period assembly of
theLOX tankwasinprocess at SantaMonica, welding ofthe LH2 cylindrical section
attach rings wascompleted, and preparations were underway for welding the LH2
forward dometo the section.35

Instrument Unit Research and Development

The instrument unit houses the major portion of the equipment of the as-

trionics system, which provides the vehicle with guidance, control, and instru-
mentation. For Saturn IB and Saturn V the IU is almost identical. It is a

34. DAC, SM-46749, Issue 24, p. 64; SM-46770, Issue 25, p. 75; SM-46794, Issue

26, p. iii; SM-46824, Issue 27, p. 75; SM-46897, Issue 28, p. 60; SM-46935,

Issue 29, p. 65; Saturn I/IB Off., MPR-SAT-I/IB-64-2&3, p. 21; P&VE Lab.,

MPR-P&VE-64-11, p. 85; and P&VE Lab., SA-203 Design Data Manual, IN-

P&VE-V-64-8, Nov. 9, 1964, p. 3.1.1.

35. DAC, SM-46749, Issue 24, p. 25;SM-46824, Issue 27, p. 75; SM-46897, Issue

28, p. 60; SM-46935, Issue 29, p. 65; P&VE Lab., MPR-P&VE-64-il, p. 85;

and MPR-P&VE-65-1, p. 79.
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260-inch-diameter honeycombwafer in three 120-degreesegmentsthree feet high,
locatedbetweentheS-1VBstageandthepayload. All componentswithin the IU are
locatedonthe inner periphery, mountedoncold plates cooledby a convective fluid.
This fluid, flowing through tubes, conducts generatedheat away from the com-
ponents.36

Responsibility for developing the IU rests with MSFC. The Center has

selected several industrial firms to provide the major components. These include

General Dynamics Corporation, the structure for S-IVB-201, 202, and 203, and

NAA for all other Saturn IB and V IU structures; Electronics Communications Inc.,

control computer; Bendix Corporation, ST-124M inertial platform; and Interna-

tional Business Machines Corporation (IBM) Federal Systems Division, launch

vehicle digital computer and launch vehicle data adapter. 37 A number of electronics

companies, includingBrown Engineering Company, furnishes equipment for MSFC

developed subsystems for data acquisition (telemetry) and communication.

Prior to the current report period MSFC selected IBM as lead contractor

to integrate all IU systems and to assemble and check out all flight units. Nego-

tiation of the IBM contract continued throughout the July - December 1964 period.

Negotiations concerning the scope of work ended October 15 and negotiations con-

cerning cost began November 9. Finalization of the contract is expected in early

1965. Meanwhile, MSFC authorized IBM to proceed with its efforts in personnel

and facility buildup atHuntsvflle. IBM opened a resident management office at its

Huntsville site in November. The contractor will assume full mission responsi-

bility for the instrument unit beginning with Saturn IB 204 vehicle. 38

The only other major IU contract action occurred in August. MSFC com-

pleted negotiations with Bendix Corporation for 26 additional ST-124M stabilized

platform systems at a total cost of $ 36.4 million. Incentive provisions based upon

cost, delivery, and performance were incorporated into the contract. 39 MSFC

expects delivery of the first prototype ST-i24M stabilized platform system in early
1965.

IU DESIGN AND ENGINEERING ACTIVITY

The Saturn IB/V IU is patterned after the instrument unit flown on the latter

Block 11 Saturn I vehicles. MSFC completed most of the redesign for the advanced

36. AsLrionics Lab., Saturn IB/'V Astrionics System, MTP-ASTR-S-63-i5, p.

1; and MSFC Public Affairs Off., Saturn Project Fact Sheet, Aug. 16, 1965, pp.
9-10.

37. Public Affairs Off., Saturn Project Fact Sheet, Aug. 16, 1964, p. 10.

38. MSFC, MItM-9, pp. 89-91; Saturn I/IB Off., MPR-SAT-I/IB-64-2&3, pp. 23

and 25; and Saturn V Off., MPR-SAT-V-64-4, p. 2.

39. Memo, F. W. Brandner, Astrionics Lab., to Distribution, "Saturn Monthly

Progress Report, August 1964" Sept. 21, 1964, p. 4. 81
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IB PC configuration prior to July 1964. In the current report period MSFC directed

major effort toward completion of the redesign and documentation to support the
redesign. Near the end of October MSFC released all the documentation for re-

design of the IU. On November 17 the Center released the IU assembly documen-

tation, along with detail and subassemblies, for SA-201.40

MSFC in July completed fabrication of the first prototype of the instru-

mentation measuring racks in the Saturn IB configuration. Vibration test of the

prototype, also completed in July, showed the basic design to be good. Some

changes, however, will be required in the internal mounting fixture. 41

InAugustMSFC received sixMod 1 switch selector units 42 from Electronic

Communications, Inc. (ECI). These and additional units delivered in September

passed qualfficationtests, andMSFC forwarded them to stage contractors for use

in breadboard mockups and system checkouts. Meanwhile, IBM completed elec-

trical design oftheMod II units and began packaging design. Phase-in of the Mod

11 units will occur in SA-202 and SA-501 (first Saturn V) flight vehicles. 43

During the report period the Center completed vibration tests with several

cold plate designs atvarious simulated battery loads. Final test of the AVCO de-

sign ended on October 26; two cold plates, one tested with 165-pound batteries and

the other with 200-pound batteries, operated successfully. Tests of an Aeronca

design ended on November 20 when the plate failed during the first axis run with

a loading of two 200-pound batteries. An Atomics International cold plate panel

passedvibrationand qualification tests in December. On completion of the tests

MSFC awardedAtomics International a contract for manufacture of plates for the

S-IU-500V (vibrational test unit) and for vehicle hardware. Award of the Phase
I optimization contract went to AVCO. 44

Prototype components passing acceptance tests in November included the

preflight heat exchanger and the Imperial thermal probe, the latter for use on the

S-IB stage and the IU. Testing of a 12-module prototype sublimator in November

ended because of structural failures. The tests will resume when the second pro-

totype, a 7-module sublimator, is received from the contractor. 45

40. PaVE Lab., MPR-_-r_vr_-o_-_, pp. 58-59; ha_,_t-PavE-64-9, pp. 42-43;

MPR-PaVE-64-10, p. 55; and MPR-PaVE-64-12, p. 17.

41. Memo., F. W. Brandner, Astrionics Lab., to Distribution, "SaturnMPR,

July 1964," Aug. 22, 1964, p. 3.

42. The stage switch selectorunits actas commun_ication!i_n&s bet:w..een the digi*o--1

computer/data adapter and the stage equipment controlled by the digital computer.

43. Memos, Astrionics Lab to Distribution, "Saturn MPR, August 1964," p. 4;

and "Saturn MPR, September 1964," p. 4.

44. PaVE Lab., MPR-PaVE-64-10, p. 37; MPR-PaVE-64-11, pp. 37 and 53;

MPR-PaVE-64-12, p. 46; and MPR-PaVE-65-1, pp. 41 and 48.

45. PaVE Lab., MPR-PaVE-64-11, p. 37.
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Developmentproblems inthe current period hampered delivery of several
prototype componentsand threatened delivery schedulesfor production models.
MSFC took action to expedite componentdeliveries even though the delays had
no immediate effect on the IU developmentschedule.4_

The Budd Electronics firm, Long Island City, New York, experienced
schedulingproblems concerning delivery of the IU/S-IVB ground support cooling
unit. An agreementwith the firm transferred contractural responsibility to Pall
Corporation. This "novation and supplementalagreement" incorporated revised
procurement specifications, addition of three more units, and a revised delivery
schedule. Thenew contractor failed to complete manufacture and delivery of the
first unit to MSFCfor tests onNovember30asscheduled. Whenthis period ended,
an MSFC contracting officer was determining cause for the slippage.47

Also of concern to MSFC was possible delay in receipt of the prototype
digital computeranddataadapter from IBM. The solution of production problems
at the contractor's plant continuedto be difficult. 48

Near theendof this period MSFC completed manufacture of an IU mockup
for useasadevelopmentfixture. Technicians in two of theCenter' s Laboratories--
Manufacturing Engineering Laboratory and Astrionics Laboratory--used the
mockupto determine placementof navigational and telemetry equipmentand cable
routing. Routing of cables of the SA-201 configuration will be completed in the
mockup by January 7, 1965.4_

IU GROUNDTEST UNITS

Prior to the current report period MSFC received structural segmentsfor
the IU andbeganassembling ground test and flight units. When revised vehicle
loads required redesign of the structure, MSFC stopped assembly operations
pendingcompletion of the redesign.

In August 1964General Dynamics/Fort Worth delivered the prototype of
the redesignedstructural segmentsto MSFC. The Center successfully tested the
redesignedsegmentsabovemaximum loads and then discussed methods of expe-
diting production and delivery of the segments with the contractor. To avoid

46. IU developmentwasnot considered the pacing item in the Saturn IB develop-
ment program.
47. P&VE Lab., MPR-P&VE-64-1t, p. 37.
48. Memo, Astrionics Labto Distribution, "Saturn MPR, November 1964," p. 4.
49. SaturnVOff., MPR-SAT-V-64-4, p. 22; and P&VE Lab., MPR-P&VE-65-1,
p. 23.
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further delay in assembly of ground test stages MSFC decided to strengthen the

assembled structures on hand for the vibrational test and the facilities checkout

unit. The first redesigned segments delivered in November and December were

allocated to the dynamic test unit and to the structural test unit. 50

Vibrational Test Unit: Components for this unit (S-IU-200V) remained

in storage at MSFC until completion of the structure redesign in August. MSFC

then strengthened the original structure to simulate the redesigned structure be-

fore continuing assembly of components in the unit. The Center designed, fab-

ricated, and tested a cold plate pressurizing and water replenishing system for

use in the vibration test unit. Delivery of this system and the S-IU-200V unit to

Wyle Laboratories 51 occurred onNovember 30. MSFC personnel completed work

on the unit at the contractor site and also began alignment of the unit in the test

facility. Early in December MSFC released the environmental test plan for

S-IU-200V and S-IU-500V ( Saturn V configuration). On December 22 Wyle Labora-

tories completed the first test run on S-IU-200V. Preliminary test results in-

dicated that modifications to the top support ring were necessary because of

excessive structure resonances. 52 Vibration tests will continue during 1965.

Facilities Checkout Unit: MSFC allocated the structure originally intended

for the dynamic test unit to the facilities checkout unit (S-IU-500F). Structural

modification to strengthen the unit was still in progress when this report period
ended. Manufacture of S-IU-500F is scheduled for completion in April 1965. It

will then be prepared for shipment and stored at MSFC until required at KSC for

facility checkout of Launch Complex 34. _3

Dynamic Test Unit: In NovemberMSFC received the redesigned structural

segments for the dynamic test unit (S-IU-200/500D) from General Dynamics/Fort

Worth and began a concerted effort to complete the structural assembly. Assembly

operations were still in progress when the report period ended. 54

50. MSFC, MHM-9, p. 93; P&VE Lab., MPR-P&VE-64-9, p. 42; and Saturn

I/IB Off., MPR-SAT-I/It_-64-2&3, p. 25.

51. MSFC completed final negotiations with Wyle Laboratories for the environ-

mental testing of the Saturn _ and V instrument units and awacded the contract

onJune 30, 1964. At the same time MSFC awarded Brown Engineering Company,

Inc., a contract for the purpose ofvibrationtesting of the IU mounting components.

52. P&VE Lab., MPR-P&VE-64-8, pp. 23, 53, and 67; MPR-P&VE-64-10, p.

29; MPR-P&VE-64-1t, p. 27; MPR-P&VE-64-12, p. 17; and MPR-P&VE-65-1,

p. 48.

53. Saturn I/IB Off., MPR-SAT-I/IB-64-2&3, p. 33; and MPR-SAT-I/IB-65-1,

p.10.

54. Saturn I/IB Off., MPR-SAT-I/IB-64-2&3, p. 33; and Saturn V Off., MPR-

SAT-V-64-4, p. 22.
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Structural Test Unit: MSFC concentrated upon completion of documenta-

tion for the structural test unit (S-IU-200/500S) while awaiting delivery of the

redesigned structural segments. Design of the lower loading ring and upper load-

Lug ring was completed; fabrication started in December. Instrumentation and

cable rack loads for the unit were completed on December 11. A simulated (dummy)

Apollo payload adapter for use in IU structural tests arrived at MSFC on December

15. Near the end of December the structural segments for the unit arrived from

General Dynamics/Fort Worth. Use of the jigs and tool fixtures in assembly of

the S-IU-200/500D precluded start of the S-IU-200/500S structural assembly until

early 1965.55

Facilities, SupportEquipment,and Transportation

Facilities and support equipment are required at each of the prime con-

tractor sites, at engine contractor sites, at MSFC, and at KSC. Because of the

size of the Saturn IB, special transportation equipment is required to move the

stages andvehiclesfrom assembly to ground test sites and from ground test sites
to KSC.

FACILITIES

Most of the facilities supporting the Saturn IB program are used in com-

mon with the Saturn I and Saturn V programs. _ The facilities used exclusively

for the Saturn IB program at MSFC include the Systems Development Facility

(SDF) and the Electrical Support Equipment (ESE) Facilities. Buildup and modi-
fication of both facilities continue.

Conversion of Saturn I MSFC test facilities for exclusive Saturn IB use

also continued in this report period. This involved modification of the west side

of the East Static Test Tower to support Saturn IB static firings, and modification

of the Dynamic Test Stand. In September MSFC completed design for modifica-

tion of the Dynamic Test Stand. The Center beg_an the modification in mid-November

andwill readythe stand for operation in February 1965. Modification of the west

side of the Static Test Tower and blockhouse began also in November after removal

of the last Saturn I booster. The Center scheduled the tower for operational use

with S-IB-1 in February.

55. P&VE Lab., MRP-P&VE-64-10, p. 55; MPR-P&VE-64-11, pp. 27, and 52-

53; MPR-P&VE-65-1, p. 47; Saturn I/IB Off., MPR-SAT-I/IB-2&3, pp. 25 and

31; and Saturn V Off., MPR-SAT-V-64-4, p. 22.

56. For information on these facilities see the Saturn I and Saturn V chapters of

this historical monograph and see MSFC, MHM-9, pp. 58-61, 95-98, 149, 169,

and 178-183; and MItM-8, pp. 45-54, 86-89, 147-151, and 156-157.
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In October MSFC technicians completed facilities design of and ordered

necessary material for the 200K H-1 engine turbopump facility located in the south

position of the Cold Calibration Stand. They will use vehicle suction lines and a

200K H-1 turbopump mounted on a bobtail H-1 engine. MSFC has scheduled op-

erational use of the facility in February t965.

Expansion of the blockhouse and J-2/S-IVB Test Facility proceeded on

schedule. MSFC technicians inspected the LOX area on December 21, 1964; pre-

final inspection of the test stand is scheduled for January 8, 1965. The Center

accepted the 50- and 75-ton derricks tested during the period December 21 to

December 30. Kennamer Construction Company will complete construction of the
facility in January 1965. s7

Construction and modification of manufacturing facilities exclusively for

Saturn I/IB at Michoud Operations occurred prior to the current report period.

However, construction and modification of facilities supporting both the Saturn IB

and V programs continued in this period. J. A. Jones Construction Corporation

of New Orleans completed construction of the new Engineering and Office building

on October 15, 1964; MSFC gained beneficial occupancy in various sections of the

building by September 1. Movement of personnel into the building ended on

November 10. Construction began on a Component Warehouse and a Hazardous

k-_b_J._gZ;.L3g4LI.JL_lll_. _.Jt,llgg.L _II_b.LULg._t,J.k,PIIL_IILI_.L YYg:l,.y g_.b £VIL_._II_LLUI IlI_ILLLI_LI IJLJL_&.L&I._O._&_JII/_

to the Boiler Plant, additions to roads and parking lots, incorporation of a mez-

zanine cafeteria in the south end of the Manufacturing Plant, and modification of

the air conditioning system in the Slidell Computer Facility. s8

Modification of facilities continued at DAC' s S-IVB development and check-

out sites supporting Saturn IB and Saturn V programs at Santa M onica and Huntington

Beach. Most of the effort involved design, fabrication, and installation of major

manufacturing and assembly tooling and checkout equipment. At DAC's test site

in Sacramento, effort continued toward readying the Beta and Gamma Complexes

for operational use, and toward construction of the Vehicle Checkout Laboratory.

The Wismer-Becker firm, contractor for the Gamma Complex, turned the

facility overtoDAC on July 22, 1964, with accomplishment of some cleanup work

and the site checkout remaining. DAC began installation of the engine cluster for

the APS in Cell m and continued installation of checkout equipment 'through August.

Activation of the complex occurred in September on initiation of the Phase I APS

57. Test Lab., Test Lab Historical Report, July 1, 1964- Dec. 31,
2, 4, 8, and 17.

58. Michoud Op., Hist. Rpt., July 1 -Dec. 31, 1964_ pp. 37-38.

1964_ pp.
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tests. Construction of the Maintenance and Assembly Building at the site con-

tinned until October 20 when the contractor completed the external construction,

installation of electrical and plumbing fixtures, and grading, surfacing, and black-

topping the surrounding area. Phase I testing of the APS ended in October and

whenthis period ended, configuration changes for implementing the Phase H test

program were in progress. 59

At the Beta Complex, activity involved both the Beta 1 and Beta 3 test stands.

DAC erected the S-IVB battleship test stage in the Beta 1 test stand in

December 1963. However, the stand did not become operational until this report

period. Installation of ground instrumentation systems occurred in July. Wismer

and Becker and Paul Hardeman Company, construction contractors, continued

activity at the stand throughAugust. Work consisted primarily of modification and

cleaning of valves and actuators in the LOX and LH 2 transfer lines, rework of the

helium and auxiliary pressurization systems, and correction of leakage in the LI_

storage tank. Checkout of the GSE for the stand was completed ahead of schedule

and allowed connection of the umbflicals several days ahead of the work plan.

Activation of the stand occurred in September with cryogenic loading of the S-IVB

battleship stage. Saturn IB S-IVB battleship tests continued at the facility through-

out the remainder of this period.

Modifications similar to those at the Beta 1 stand continued at the Beta 3

test stand. The Chicago Bridge and Iron Company repaired the LIt 2 storage tank

in July. InAugust and September the Paul Hardeman Company corrected five major

deficiencies includinghydrogenburnpond modification, test stand elevator modi-

fications, cleaning of high-pressure gas lines, and calibration of gages. Addi-

tional modifications atthe stand continued throughout the remainder of the period.

Completion of GSE for Beta 3 in time for scheduled loading tests with the facility

checkout vehicle posed the major problem at the end of December. 60

Architectural and enginee ringd esign for DAC's Sacramento Vehicle Check-

out Laboratory continued through October. Site preparation, including leveling,

grading, and surfacing, began in October. Actual construction of the facility began
in December. 61

Launch facility construction is the responsibility of KSC; therefore, this

r_pnrt |nrhl_o_ya _,,mma_,_¢........ o_tivity _....... _ ......_* _ the _'_', ]]3 ' ..... _ pro-

gram. The Saturn IB program requires modification of two launch complexes.

59. DAC, SM-46749, Issue 24, pp. xxi, 86, and 92; SM-46770, Issue 25, pp. 95

and 97; SM-46794, Issue 26, pp. 117 and 120; and SM-46935, Issue 29, p. 2.

60. DAC, SM-46749, Issue 24, pp. 84-85; SM-46770, Issue 25, pp. 94-95; SM-

46794, Issue 26, p. 119; and SM-46897, Issue 28, p. 75.

61. DAC, SM-46794, Issue 26, p. 120; and SM-46897, Issue 29, p. 69.
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Modification of Launch Complex 34 (LC-34), initiated early in 1964, con-

tinued throughout this report period. Contracts awarded and construction com-

pleted were as follows: award of contract on July 16 to Akwa Construction and

Downey Heating for modification to the High-P ressure Hydrogen facility and com-

pletion of the work on December 2; award of the Phase I construction contract for

modification of the Emergency Egress-Ingress system on July 30 to Julian Evans

and Associates with construction well underway at the end of December; com-

pletion of final design for Phase I modification of the service structure on August

24and Phase IImodificationonDecember 14byM. Connell and Associates; award

of the construction contract for Phase I effort to McDowell-Wellman Engineering

Company on August 24 and initiation of construction; award of contract to the

American Machine and Foundry Company for fabrication of modifications to the

Pneumatic and Electrical Distribution Systems on November 27, with construction

commencing in December.

Only that effort not affecting the Saturn I launch program could be per-

formed at the second complex, Launch Complex 37 (LC-37), during this report

period. Contracts awarded and construction completed included the following:

award of contract to J. C. Abbott on July 8 for a Storage Compound Hydrogen

Spares Building and additional parking with completion of the effort on September

1; award tothe same contractor on July 8 a contract for an additional catwalk and

steps atValve Pit No. 1 with work completed September 1; completion of Phase I

hoist modification by Voigt Construction Company including installation of Lebus

Grooving and Ball Bearing Swivel on July 17, and award of Phase II hoist modi-

fication contract to F. A. Kennedy Inc. on August ll ; award of contract to Con-

struction Services Company on July 1 for the Water Pump Station bypass water
line and completion of work on December 2; completion of construction of light-

ning protection of cross-country cable trays on August 24 by Akwa Construction

and Downey Heating; award of the Man Lift Belt contract to Heyl and Patterson on

October 28; completion of crite riabyKSC for the Service Structure modifications

and start of design by M. Connell and Associates on December 1.62

SUPPORT EQUIPMENT

Support equipment includes all electrical and mechanical equipment and
services needed to accommodate the Saturn ]]3 stages and vehicle from assembly

through liftoff at launch time. The vehicle checkout equipment, environmental

simulation equipment, and handling fixtures are termed ground support equipment

(GSE).

62. KSC, Technical ProgressReport_ Third and Fourth Quarter, CY-1964, TR-

159, Mar. 5, 1965, pp. 7-17.
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The automatic checkout equipment comprises the bulk of the GSE. The

checkout GSE is used at each of the prime contractor sites in stage checkout, at

MSFC for vehicle static checkout and launch programming, and at KSC for launch
checkout.

CCSD converted S-I equipment for S-IB and completed installation of the

automatic checkout equipment for S-IB stage checkout at Checkout Station No. 2,

MichoudOperations; activation of the facility occurred on November 2. Checkout

of the first stage in the facility (S-IB-1) will continue into January 1965. 63

Installation of electrical support equipment (ESE) in DAC's Engineering

Developmental Systems Integration Laboratories (EDSIL) at Huntington Beach

continued throughout the report period. During the period DAC used the facility

to evaluate and check out the prototype S-IVB automatic checkout equipment. The

contractor also conducted a series of system self-tests in the A-3 system inte-

gration laboratory to provide a complete test of the analog portion of the GSE/

vehicle interface. This constituted the first fully integrated exercise of the di-

gital test equipment. One rerun of GSE self-test to the S-IVB-201 configuration

ended in December; another run is required because of configuration changes re-

quiring modification. 64

Progress occurred in design, fabrication, checkout, delivery, and in-

stallation of checkout GSE to stage checkout areas--particularly to the factory

checkout facilities at HuntingtonBeach--and to the Control Station and test stands

at Beta and Gamma Complexes, Sacramento. Late delivery, installation, and

modification of GSE at the Sacramento test site early in this period caused some

delay in start of the APS and battleship tests. The GSE installed for both tests

performed satisfactorily during the test programs. Modification of the GSE for

use in advanced phases of APS and battleship testing at the tests sites was under-

way when this report period ended. 65

IBM's IU checkout stationis located at Huntsville. IBM received delivery

of some mechanical support equipment and ESE for installation in the facility in

this report period ; however, delivery of ESE lagged. Activation of the station is
scheduled for June 1965 for checkout of S-IU-201.66

63. Executive Staff, Management Information, October 1964, Vol. 1, 2nd Ed.,

pp. 85-86; and Michoud Op., Hist. Rpt. July 1- December 31 t 1964_ p. 10.

64. DAC, SM-46897, Issue 28, pp. 67-69; and SM-46935, Issue 29, p. 67; and

Saturn I/IB Off., MPR-SAT-I/IB-64-2&3, p. 27.
65. ]bid.

66. Executive Staff, Management Information, October, 1965, Vol. 1, 4th Ed.,

p. 20.
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MSFC is responsible for design of the launch vehicle checkout GSE. The

Centerhas awarded contracts to CCSD and to General Electric (GE) for final de-

sign of the GSE and to Radio Corporation of America (RCA) for computers for

all the vehicle testing and checkout areas. 6T

At MSFC installation, checkout, and operation of equipment in the ESE

checkout facilities continued throughout this period. The ESE checkout facilities

occupy a total of 35, 000 square feet, and contain a full complement of computers

and checkout equipment. The facilities include a digital events evaluator, an

automatic panel checkout machine, automatic circuit testers, and simulation equip-

ment. The facilities are used for checkout and acceptance of the Saturn IB. 6s

Also at MSFC, there was progress in enlargement of the Saturn Systems

Development Facility (SDF) to accommodate the Saturn IB prototype automatic

checkout equipment GSE and stage simulators. The facility, 6500 square feet in

dimension with computers and simulation equipment, will permit simulation of

the complete vehicle and GSE for the IB vehicles. The facility will also facilitate

development of launch programs and will provide automatic checkout for design
or design change in the systems. 69

In this period there was continuation of installation and checkout of the

Saturn IB Phase I equipment in the SDF. This included the S-IB simulator, ESE,
"E_A 4 4 _.A -'---" -- A .... -'_-'_L-'___

_,_-_v_ computer, uig_"" ' Data _qul_L_mu System, and the count caoc_"'. The

major racks and cables constituting the booster simulator arrived at MSFC in

July. Rocketdyne also deliveredtheH-1 engine for the simulator in July. Fabri-

cation of known ESE panels and modification of S-I panels to the S-IB configuration

also began in July. Preliminary design for all the S-IB ESE was completed in

October. MSFC completed the Phase I equipment layout in November and satis-

factorily performed a series of SA-201 tests to demonstrate the equipment. 70 The

remaining GSE and flight simulation equipment will be delivered and installed early
in 1965.7i

MSFC is responsible for development of GSE used in handling and servicing

integration of all launch GSE, actual design and development of some of the equip-

ment is accomplished by stage contractors.

67. Ibid.

68. Facilities and Design Off., Technical Facilities & Equipment Digest, Dec.

1965, p. 35.

69. Ibid.

70. Memos, Brandner, Astrionics Lab. to Dist., "Saturn MPR, July 1964," pp.

4-5; "October 1964," p. 6; and "November 1964," p. 6.

71. Saturn I/IB Off., MPR-SAT-I/IB-64-2&3, p. 27.
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During this report period MSFC and CCSD began modification of launch

support equipment for the S-IB stage. Analysis by MSFC showed that swing arm

No. 3 ducting at both launch sites required modification to a 1¼-inch-diameter

system. The modification would satisfy preflight cooling requirements during

umbilical drop test and during bypass of the onboard pumping system.

DAC completed a study in September to determine the launch support and

equipment required for S-IVB at KSC. In October the contractor proceeded to

buildup its personnel at KSC to support stage testing and checkout in the KSC low

bay area. In December DAC completed drawings for all S-IVB GSE required at
KSC.

Meanwhile, IBM completed designfor IV support equipment for the launch

sites. In December MSFC approved IBM's conceptual design of the component

handling cart and the IV entrance hoist. IBM planned to build a working model of

the handling cart to check out handling operations of the cart and to check out

clearances on the S-IVB forward skirt platform. The IU entrance hoist will ex-

tend about 79 inches outside the IV access door; the swing arm structure will pro-

hibit extension to a greater length. IBM and DAC agreed on the guiding method

to be used in interfacing the IU handling cart and the S-IVB work platform. 72

Servicing equipment designed for use at KSC included S-IVB and IU pneu-

matic GSE. Phase I review of DAC's S-IVB pneumatic GSE designed for use at

the launch site occurred atMSFC on August 18. MSFC granted tentative approval

of the designpendingcertain changes. In December MSFC issued a change order

to DAC's contract to provide the APS pneumatic equipment to the Saturn I]3 and

Saturn V launch sites.

Hayes International Corporation, contractor for the IU pneumatic GSE,

delivered a prototype console and test set to MSFC on October 23. MSFC sche-

duled the functional acceptance test to begin on November 4; however, test and

checkout were suspended pending receipt of approved test procedures. On

December 29 the contractor delivered design drawings for the IU penumatic GSE

required for Saturn 113 and Saturn V launch sites. 73

72. P&VELab., MPR-P&VE-64-10, p. 27; MPR-P&VE-64-i2, pp. 17, 24, and

36; MPR-P&VE-65-1, pp. 17 and 23; and DAC, SM-46770, Issue 25, p. ix; SM-

46897, Issue 28, p. 8; and SM-46935, Issue 29, p. 67.

73. P&VE Lab., MPR-P&VE-64-10, pp. 26-27, and 29; MPR-P&VE-64-1i, p.

25; MPR-P&VE-64-12, pp. 16-17; MPR-P&VE-65-1, p. i7; and DAC, SM-46770,

Issue 25, p. 77; and SM-46794; Issue 26, p. li3.
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TRANSPORTATION

NASA'stransportation equipmentfor Saturn IB stages, IU, support equip-

ment, and spacecraft consists primarily of river and ocean vessels and a Boeing

377 aircraft converted for large cargo and termed "Pregnant Guppy." The river

vessels are used to ferry the S-IB stages from Michoud to MSFC for static testing
and to return them to Michoud for poststatic checkout and modification. These

vessels also transport the S-IB stage, IU, and GSE from MSFC and Michoud to

KSC. The river vessels are used in conjunction with ocean vessels to transport

the S-IVB andthe Saturn V S-II stage from the contractors' West Coast facilities

to Michoud ortheMississippi Test Operations (MTO) and on to MSFC/Huntsville.

The oceanvessels transport the stages from the West Coast to Michoud and MTO

and to the launch sites at KSC. Saturn IB use of the Pregnant Guppy is to trans-

port the Apollo spacecraft from MSC to MSFC and KSC for dynamic and facilities

tests and to KSC for flight tests.

CCSD personnel completed training for transportation of the S-IB stages

early in this report period. The same vessels used for Saturn I transportation--

barges Promise and Palaemon--will ferlsz the S-IB stages to and from destination

points. On August 1 MSFC awarded Saucer Marine Ways, New Orleans, a con-

tract for modifications to the Palaemon. The modifications included installation

of a pilot house and wing bridge. The firm completed modifications and placed
fh¢ _ h_tr_ h_olz int_ _'r_ri_ _w "l_T_-_-_-,-wl_-r. O

Most of the same transportation equipment used in Saturn I transportation

(pallets, coverings, dolly parts, and tie-down equipment)isemployedin trans-

portation of the SaturnIB S-IB stage and the IU. Hayes International Corporation

completed design of the Saturn IB/V IU shipping container in October. Fabrica-

tion of the first of the containers began in November; delivery to MSFC was due

in January. Design modifications to the R&D IU trailer began in October. The

modifications include moving the hoisting tiedown ring for better attachment. 74

DAC andMSFC completed transportation plans for the S-IVB stages early

in this period. An open-deck river vessel, Courtland Barge, would transport

S-IVB stages on the Sacramento River. Other vessels, converted Navy LSD and

YFNB oceanvessels, would be used inthe West Coast ocean transport of the stage

74. Test Lab., Test Laboratory Monthly Progress Report I July 12 -Aug. 121

196____4,p. 38; Aug. 12- Sept. 12, 1964, p. 42; Sept. 12- Oct. 12, 1964, p. 30;

Oct. 12-Nov. 121 1964, p. 36; andTest Lab. Hist. Rpt., July 1 -Dec. 31_ 1964,
p. 23.
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and for shipping the stage via the Panama Canal to Michoud and to KSC. Modifi-

cationofthe West Coast Barge (YFNB-20) for shipping stages along the California

Coast was almost completed by the Harbor Boat Building Company at the end of

this period. The Military Sea Transport Service (MSTS), operator of the ocean

vessels, cornpleted modification design for Point Barrow, a Navy LSD, on July

31. Award of the construction contract occurred October 29; completion of the

contract was due in May 1965. _s

Design and fabrication of S-IVB stage protective covers, dolly transporters,

cradle kits, and stage handling kits were complete and fabrication of the first units

completed during August 1964. In November DAC completed the stage transpor-

tation instrumentation kit and installed it on the dynamic test stage. The MSFC-
furnished R&D instrumentation trailer arrived at DAC in November and the con-

tractor prepared it for operation with the stage transportation instrumentation kit.
DAC scheduled use of the instrumentation kit to monitor vibration measurements

on the stage during shipment, re

Loading of the first S-IVB stage, the dynamic test stage, on the States

Marine Ship, Aloha State,occurred on December 8. The Aloha State transported

the stage toNew Orleans via the Panama Canal route. There the stage was trans-

ferred to the river barge Promise on December 21 for the rest of itsjourney to
Huntsville.n

Saturn IB use of the Pregnant Guppy aircraft will be for transportation of

theApollo spacecraft. OnAugust 31 MSFC representatives visited Food Machinery

Corporation, San Jose, California, to accept two cargo lift trailers (CLT) for

use inloadingaircraftatMSC, Houston, Texas. All former CLT's had been pro-

cured from Dorsey Trailer Company, Elba, Alabama. During this report period

MSFC began modifying four of the six Dorsey CLT's to make them more reliable.

The modifications included addition of redundant circuits and changing the jacks

from electrical to manual operation. 78

Atthe end of this report period MSFC continued investigation of proposals

by aircraft firms to transport S-IVB and Saturn V S-H stages. Aero Spacelines,

ownerofthe Pregnant Guppy, presented a proposal for shipment of the stages by

a "Super" or "Very Pregnant Guppy" near the end of this report period. MSFC

decision on air transport of the stages was still pending. _s

75. Test Lab., Test MPR, July 12-Aug. 12, 1964_ p. 38; Sept. 12- Oct. i2,

1964, p. 38; and Test Lab. Hist. Rot., July 1 -Dec. 3i_ 1964, p. 22.

76. DAC, SM-46770, Issue 25, pp. 77 and 82; and SM-46897, Issue 28, p. 61.

77. Saturn V Off., MPR-SAT-V-64-4, p. 16.

78. Test Lab., Test MPR_ Aug. 12- Sept. 12, 1964 t p. 43.

79. Test Lab., Test MPR_ Dec. 12_ 1964- Jan. 12_ 1965, p. 37.
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Saturn I B and Related Studies

Saturn IB studies dealt with methods for improving the payload capability

of the vehicle, definition of possible third stage configurations, and advanced

payloads for the vehicle.

IMPROVEMENT STUDIES

Review of launch vehicle development programs shows that about ten years

are required to fully develop new technologies for developing advanced vehicles.

The current trend in advanced launch vehicle development is to increase payload

capabilities of currently approvedvehicles. This decreases the development time

required for advanced vehicles and provides early accomplishment of primary

space flight objectives in addition to being more economical. 80

Methods considered in the July - December 1964 report period for im-

proving the Saturn IB payload capability were varied. One involved strap-on of

fourMinuteman solid rockets to the S-IB stage. MSFC completed the feasibility

study in August. The results formed a basis for continuing definition phase ef-

fort. Precontract negotiations with CCSD for definition of the Saturn IB/Minuteman

continued through November. On December 4 MSFC modified CCSD's Saturn I/IB

contractby cost letter to include immediate Phase I definition study of a prelim-

inary Saturn IB/W[inuteman configuration. During the report period MSFC per-

sonnel met with representatives of KSC, CCSD, and the Martin Company (Denver)

to determine the solid motor effects on launch facilities. On December 30 MSFC

personnel also met with Thiokol Corporation to discuss the Minuteman case de-

sign, belly-band attachment, forward and aft skirt design, ignition and destruct

systems, andhandlingandlogistics. MSFC passed this data on to CCSD for con-

sideration in the design analysis. 8t

Other methods receiving consideration included uprated liquid rocket en-

gine, increased propellant capacity, and/or substitute propellants in the S-IB

stage; substitution of a large solid propellant rocket for the liquid propellant S-IB

stage; liquid strap-ons to the S-IB stages; application of an S-IVB stage with ad-

vanced propulsion in combination with a basic or uprated S-IB stage; and applica-

80. Future Projects Off., FPO Planning Information and Activity Report, June

1965, pp. 8-9.

81. P&VE Lab., MPR-P&VE-64-9, pp. 1 and 44; MPR-P&VE-64-10, p. 2; MPR-

P&VE-64-11, p. 2; MPR-P&VE-64-12, p. 2; and MPR-P&VE-64-1, p. 1;and

Michoud Op., Hist. Rpt._ July I- Dec. 31_ 1964_ p. 15.
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tion of a cryogenic third stage to the basic or uprated Saturn IB vehicles. 82 Studies

involving these varied methods were performed in-house at MSFC and by DAC
and CCSD under contracts awarded in June 1964.

CCSD investigated methods of improving the payload capability and mis-

sionversatility by uprating the S-IB stage, by use of solid motor strap-ons, and

uprating the S-IVB stage. DAC provided support for the S-IVB stage uprating

effort. In addition, CCSD investigated the use of a third stage on a selected im-

proved vehicle. DAC evaluated the use of a 260-inch-diameter solid propellant

motor to replace the S-IB stage and supported CCSD in the evaluation and modi-

fications of the S-IVB stage. DAC also investigated the use of a third stage on a
selected improved vehicle. Effort by both contractors continued into 1965. 83

In September MSFC completed a preliminary study effort concerning the

feasibility of increasing Saturn IB and Saturn V performance capability by using

liquid strap-on units. The results of the study, published October 23, 1964, in-

dicated that a Saturn IB equipped with two strap-on units had a payload capability

increase of 8, 050 pounds to a circular earth orbit of approximately 115 miles.

The Saturn V with four strap-on units showed an increase of 12,580 pounds in an

approximate two-stage-to-140-mile circular earth orbit. In December MSFC

initiated a study to define Saturn IB and Saturn V first stage configurations with

strap-onliquid propellant pods. When this period ended, configuration drawings,

weight summaries, and propulsion system analysis had been completed for vari-

ous candidate configurations. After preliminary definition of the more promising

concepts, a Marshall-wide in-house improvement study was expected. 84

In October MSFC personnel completed an in-house analysis to determine

if performance gains for the Saturn IB could be obtained by increasing the amount

of propellant loaded in the S-IB stage. A performance increase of approximately

4 per cent was realized with limitation of the liftoff thrust-to-weight ratio to 1.14.

Study of possible performance gains for Saturn IB and Saturn V vehicles with use

of a J-2 aero-spike engine ended September 28 with results published in October.

Aero-spike engines of 200, 000 pounds thrust in the present S-II and S-IVB stages

would increase payload to escape by 7,000 pounds. MSFC published results of an

in-house Saturn IB/FLOX 85 study in December. This study led to determination

82. Advanced Systems Off., Saturn IB Improvement Studies (Phase I) _ TM X-

53323, Executive Summary Report, Aug. 26, 1965, p. 1.

83. ]bid., pp. 1-2.

84. P&VE Lab., MPR-P&VE-64-9, p. 3; MPR-P&VE-64-12, pp. 2-3; and MPR-

P&VE-65-1, p. 2.

85. FLOX indicates addition of fluorine to the oxidizer to increase engine per-
formance.
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of payload gains derived from Saturn IB two- and three-stage basic launch vehicles

using FLOX in combination with other chemical fuels and with kerosene as first

stage propellants. 86

SATURN IB THIRD STAGE CONFIGURATIONS

In this period MSFC reviewed the previous work on Saturn IB third stage

configurations. Third stages investigated were Centaur, Agena D, Titan III

Transtage, Apollo Service Module, and the S-VI. 8Y Curves of gross payload ver-

sus altitude, weight summaries, stage descriptions, and launch vehicle configu-

rations, were plotted. Inthe review, all third stages were considered to be ignited

ina 100-nautical mile circular orbit and were based on a two-stage capability of

34, 750 pounds. A 260-inch-diameter shroud was used on all configurations.

Third stage configurations still under consideration during this report

period included the Saturn IB/Agena D, Saturn m/Service Module, and the Saturn

IB/Centaur.

The Saturn IB/Agena study had three purposes: establishment of the con-

figuration; definition of the necessary modifications to adapt the Agena D to the

Saturn IB ; and determination of the payload capabilities of the three-stage vehicle.

LockheedMissiles and Space Company provided the data for generation of config-

urations, structural definition, weights, and performance. Weights were also

determined for the nosecone, payload shroud, and payload support structure, and

an analysis of a separation system similar to the Saturn IB/Centaur was made.

MSFC published results of the study on November 10. The Agena D can be adapted

as a third stage with a minimum of modification; however, because of the load-

carrying capabilities of the Agena D, a conical adapter is required to carry the

payload during the burning of the first and second stages. The study revealed that

theAgenaD is capable of transferring payloads up to 260 inches in diameter from

a 100-nautical mile parking orbit to higher orbits or to earth escape velocity.

Missions considered for the vehicle included orbital transfer maneuvers and the

24-hour synchronous orbit satellite mission. 88

86. P&VE Lab., MPR-P&VE-64-10, p. 2; and MPR-P&VE-64-12, p. 3.

87. MSFC, MHM-8, pp. 79-84, and MHM-9, pp. 101-102, contain descriptions

of third stage effort prior to the current report period.

88. P&VE Lab., AgenaDWithina260-inch Shroud as a Third Stage of the Saturn

IB, IN-P&VE-A-64-18, p. 1; and MPR-P&VE-64-10, pp. 1-2; and MPR-P&VE-

64-12, p. 1.
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InAugust MSFCcompleted definition of the 260-inch shrouded Centaur as

the Saturn IB third stage. Results of the study were published in October. The

defined configuration employed the Centaur AC-12 with only a few modifications

necessary to make it compatible with the Saturn IB. These modifications in-

cluded fabrication of a 260-inch-diameter shroud of aluminum honeycomb mate-

rial, shroud insulation and purging, arrangement of access to the astrionics

equipment, and the addition of a shroud jettison system. No major modifications

were required for the Centaur stage itself. For unmanned flight the Saturn ]]3

stages require no modification; however, for on-the-pad protection in maximum

wind conditions, pressurization of the S-IB stage would be necessary. The stand-

ard Saturn IB IU would be used as an adapter forward of the S-1VB stage in lieu

of the regular adapter and would provide guidance through boost; the standard

Centaur guidance system would be used for third stage flight. Fabrication of the

shroud andmost of the modifications would occur at MSFC and the Centaur stage

would be shipped as a unit to KSC. The Centaur stage manufacturer, General

Dynamics/Astronautics, would assist MSFC in the modification by modifying the

tank adapter rings for payload adapter and S-IVB interstage; by adapting the stage

helium insulation annular purge system for the shroud; by deleting fill and vent

lines; and by installing temporary v_ves and blanks required to maintain tank

pressure during transportation to MSFC. NASA Headquarters requested deter-
mination of the modifications required of the contractor. 89

ADVANCED PAYLOADS FOR SATURN IB

Most of the Saturn IB advanced payload effort in this report period in-

volved definition of payload criteria, development of methods to define potential

payloads, definition of the potential markets for advanced Saturn IB payloads, and

actual definition of advanced payloads.

CCSD, under a task order, initiated effort toward compiling a "Payload

Design Criteria Data Book. " The book will provide factual information to be used

by payload designers in integrating a payload with the Saturn IB vehicle. 90

In September MSFC issued to Brown Engineering Company a task order
entitled "Advanced Payload Studies Applicable to Saturn IB." Brown's task in-

volved development of scale factors for a manned orbiting laboratory, one of the

mare promising missions considered for the two-stage Saturn IB. Brown com-

pleted structural layouts and analysis to compute optimum weight/volume rela-

tionships, and defined the critical problem areas in design, fabrication, and

89. P&VE Lab., Centaur As a Third Stage of the Saturn IB r TM X-53043, Oct.

23, 1964, pp. 1, 7-8, and 42=43.

90. P&VE Lab., MPR-P&VE-64-9, p. 2.
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manufacture of the laboratory. MSFC personnel assisted Brown in making a pre-

liminary cost estimate for manufacturing assembly and testing of the laboratory.

The contractor completed the study in November and submitted its report to MSFC

in December.

In October MSFC awarded a new task order to Brown entitled "Saturn I]3

Advanced Payload Study." The contract directed development of plans and methods

for defining potential missions for advanced payloads in the Saturn IB capability

range (two- and three-stage). In December MSFC extendedBrown' s contract for

three months for completion of the study. Payload definition will help MSFC to

define the potential markets for Saturn IB vehicles beyond i965.91

In-houseMSFC reviewed NASA's Office of Space Science and Applications

(OSSA) "Prospectus for 1964." Determination of MSFC's role in possible OSSA

activities received particular emphasis. OSSA's launch vehicle schedule for the

years 1967 to 1980 called for only 17 Saturn 113 vehicles. MSFC suggested and
described additional missions for two- and three-stage Saturn IB vehicles. The

suggested missions made use of the excess payload and volume capability of the
Saturn I]3 to reduce development costs for new payloads. One mission suggested

involved use of the Saturn 113 as a manned orbital launch platform to place various

payloads in their required orbits; this mission would use the man-in-the-loop as
a control element. 92

MSFC established the feasibility of a Saturn IB orbital laboratory payload.

The laboratory would occupy the space now assigned the Lunar Excursion Module

of the Apollo spacecraft. The laboratory would be inserted in a long-duration
93

orbit where it would provide up to 3490 cubic feet of usable laboratory space.

Astran Division of Space Craft, Inc., completed for MSFC the "Study of

the Utilization of the Saturn IB Instrument Unit to Support Space Experiments."

The contractor reviewed the IU to determine its capabilities, orbit parameters,

packaging constraints, environments, and requirements; investigated techniques

to extend the lifetime ofthe IU including consideration of radiation damage, equip-

ment degradation, remote checkout, and instrumentation; coordinated with MSFC

the possible experiment requirements to determine suitability for the IU; esti-

mated the modification lead times and possible schedule influences due to the

91. P&VE Lab., MPR-P&VE-64-9, p. 12; MPR-P&VE-64-10, p. 3; MPR-P&VE-

64-11, p. 3;MPR-P&VE-64-12, p. 3; and MPR-P&VE-65-1, p. 2.

92. P&VE Lab., MPR-P&VE-64-11, p. 3.

93. P&VE Lab., Study of a Saturn 113 Orbital Laboratory Payload, IN-P&VE-A-

65-2, pp. 1-2.
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postulatedintegration of experiments with the IU; and investigated the feasibility
of packaging rendezvous equipment so that the spentS-IVB and Saturn IU com-
binationcouldbe usedas a target vehicle. Results of the study indicated that use
of the IU in support of space experiments was feasible. The contractor recom-
mendedmethods to extend the lifetime of the IU and made suggestionsfor use of
the on-board IU components and systems in support of space experiments. 94

Another study concerned the feasibility of integration of standard payload

modules on the Saturn ]B. Two concepts, a module attached to the S-IVB cold

plates, and a module that would be ejected in earth orbit, were used for prelim-

inary design purposes. The preliminary design of the standard module to be in-

corporated onthe cold plates of the IU or the S-IVB stage forward skirt was com-

pleted in December. Problems involved in the concept included structural modi-

fication to provide for a new antenna system, cable routing and installation to

experiments, and schedule impact. Work continued on development of a concep-

tual design of a jettisonable module and accompanying installation concept. 9s

The advanced payload investigations included definition of the payload re-

quirements of the Saturn ]B/Centaur. Definition of the payload requirements

concerned the feasibility of packaging spacecraft in the prescribed payload en-

velope, payload separation, structural integration of the payload, and limitations

of the Deep Space Instrumentation Facility ( DSIF), or the Space Flight Operations

Facility (SFOF), to monitor and control multiple payloads simultaneously. Re-

sults of the study indicated that the 260-inch-diameter payload envelope would

accommodate the Voyager spacecraft, or two Surveyor spacecraft mounted abreast,

or two Surveyors mounted in tandem. Other payloads considered for the Saturn

]B/Centaur included the Communications Satellite (Comsat), and the Optical

Technology Satellite. The latter would monitor satellites and other payloads in

orbit; it is currently under investigation by the Perkin-E!mer Corporation for
MSFC. _

Program Funding

Obligations for the Saturn IB program in the July 1 - December 31, 1964,

period totalled $127, 481,000. This total was allotted as follows: S-IB stage,

]]3 Instrument Unit to Support Space Experiments, ASTRAN-8-11301-FR-3, Nov.

1964, pp. vi, 1-2, and 96-97.

95. P&VE Lab., MPR-P&VE-64-10, p. 12;MPR-P&VE-64-11, p. 9; MPR-P&VE-

64-12, pp. 10-11; and MPR-P&VE-65-1, p. 11.

96. P&VE Lab., MPR-P&VE-64-9, pp. 2-3; MPR-P&VE-64-11, p. 2; and MPR-

P&VE-65-1, pp. 2-3.
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$49,687,000; S-IVB stage, $20, 909,000; Instrument Unit, $15,055, 000; Ground

Support Equipment, $16,859,000; H-I Engine procurement, $9, 200,000; J-2 En-

gine procurement, $9, 800,000; Vehicle Support, $5, 971,000.97

Summary

During the July - December 1964 period in the Saturn IB R&D program

there was component qualification, ground testing of stages, and manufacture and

assembly of flight vehicles.

CCSDatMichoud completed modification of the first and only S-IB ground

test stage, the dynamic/facilities test stage. The contractor also completed as-

sembly of the first flight S-IB stage, activated the vehicle checkout station, and

began manufacture of the second and third S-IB flight stages.

DAC accomplished qualification of major components and systems, in-

cluding the auxiliary propulsion system module for the S-IVB stage. The S-IVB

contractor completed manufacture of two ground test stages, the battleship stage

and the dynamic test stage. The major achievement in the Saturn IB S-IVB pro-

gram was full-duration firing of the S-IVB battleship stage in the Saturn IB con-

figuration. Other activity by the contractor included manufacture of the other

ground test stages almost to completion, and manufacture of the first four flight

S-IVB stages.

IU progress included completion of documentation for redesign of the basic

Saturn I IU to the Saturn IB/V configuration, qualification of various prototype

components, manufacture of an IU mockup for use as a development fixture, and

initial fabrication of the IU ground test stages.

Activation of several Saturn IB facilities occurred. CCSD activated the

checkout station at Michoud Operations for checkout of the S-IB stages. DAC

activated the Beta 1 stand at Sacramento for hot-firing of the ground test stages

and flight stages. Progress continued in fabrication and installation of ground

support equipment for automatic checkout of the Saturn IB. MSFC also made pro-

gress in planning transportation for Saturn IB stages and in modification of the

transport vessels.

Saturn IB study activity emphasized payload improvement, definition of

third stage configurations, and investigation of advanced payloads.

97. InformationfurnishedAugust 24, 1965, by Louid E. Snyder, MSFC Financial

Management Off.
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CHAPTER IV: SATURN V

The Saturn V launch vehicle under development at MSFC was authorized

by NASA in January 1962. MSFC has technical program management responsi-
bility and directs the development and production of Saturn V at Huntsville and

numerous other locations across the United States. Saturn V's primary mission

is tolaunch the mannedApollo spacecraft to the vicinity of the moon. The vehicle

will perform the boost portion of the lunar orbital rendezvous (LOR) mission; it

will launch a 95, 000-poundApollo spacecraft consisting of three sections through

an earth parking orbit into a translunar trajectory.

Secondary objectives of the Saturn V program include such proposed future

missions as Apollo logistic support, extended lunar exploration orbiting research

laboratories, satellite inspection and repair, and probes to the planets.

The Saturn V vehicle is capable of carrying a payload of 280,000 pounds

into low earth-orbit. The launch vehicle with Apollo spacecraft attached is ap-

proximately 360 feethigh. It weighs over six million pounds at lfftoff. The space

vehicle in mission configuration consists of the S-IC first stage, S-II second stage,

S-IVB third stage, instrument unit containing navigation and guidance equipment,

and the Apollo spacecraft. TheApollospacecraft, for which NASA Manned Space-

craft Center has responsibility, consists of the lunar excursion module (LEM),

service module (SM), command module (CM), and launch escape system- (LES).

NASA's Office of Manned Space Flight (OMSF), as manager of the Saturn

V vehicle program, adopted the "all-up" flight concept in order to reduce the

number of costly flight tests. By this philosophy the complete vehicle flies as

soon as it is available. OMSF has scheduled unmanned flights of Apollo/Saturn

V in 1967, manned flights in 1968, and manned lunar landing and return before
1970.

Vehicle Research and Development

pletewhen the current report period began. Manufacture of ground test stages at

various sites, which was well underway prior to this period, proceeded at a steady

pace throughout the period. Hardware testing increased in tempo; stage static

firing tests began; and MSFC prepared to convert major Saturn V contracts to
incentive contracts.
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S-IC STAGE

The first (S-IC) stage is 138 feet long, 33 feet in diameter, and weighs

approximately 300,000 pounds. The propulsion system consists of five F-1 en-

gines, which burn kerosene (RP-1) and liquid oxygen (LOX). Each engine de-

velops 1.5 million pounds thrust, for a total first stage thrust of 7.5 million

pounds at sea level. Propellant capacity of the stage is about 4.4 million pounds.

The mission of the S-IC stage is to power the Apollo/Saturn V vehicle for

the first 150 seconds of flight--from launch until the vehicle attains altitude of

about 39 miles. The S-IC stage then separates and falls back to earth.

MSFC and the Boeing Company have joint responsibility for the design,

development, procurement, and test of the S-IC stage. MSFC is responsible for

assemblyoftwogroundteststagesandthefirsttwoflightstages. Boeing is manu-

facturing two ground test stages and eight flight stages at the government's Michoud

Operations, New Orleans, Louisiana; Boeing also provides certain tooling and

assembly support to MSFC.

Boeing received the prime S-IC stage contract January t, 1963. NASA

amended the Boeing contract several times in the current period. In October two

major contract modifications occurred. One was a $2.9 million modification

covering design, development, and manufacture of components for S-IC stage um-
bilical connections and related hardware. The other October change was an $11.8

million modification for the structural static load testing program. These two

modifications increased total value of the S-IC prime contract to $516.2 million.

On December24, 1964, NASA awarded Boeing an $89.9 million contract modifi-

cation for Saturn V vehicle systems engineering and integration support. This

work is to be performed at MSFC and Michoud in two major areas: systems en-

gineering and integration, and vehicle ground support equipment. 1

On August 4, 1964, technicians at MSFC hydrostatically tested the S-IC

test fuel tank, the first structural test component in the Saturn V booster devel-

opment program. Partial collapse of the tank's upper bulkhead occurred during

test. After rework further hydrostatic testing occurred on September 28 and was

1. NASA,AstronauticsandAeronautics, 1964, Chronology on Science, Technology,

and Policy, SP-4005, p. 352; and 89th Cong., 1st sess., H. Rpt., Hearings on

H. R. 3730 {Superseded by H. R. 7717), 1966 NASA Authorization, Mar. 3, 4,

11, 16, and 17, 1965, (No. 2), Part 2, p. 721.
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appraised as a "qualified success." Inertial loads testing began in October and
was scheduled for completion in February 1965. Various other structural tests

on the tank will continue through 1965.2

Work continued on the several assemblies of S-IC-S, the structural test

stage. 3 Boeing atMichoud delivered the S-IC-S intertank to MSFC by mid-period.

On November 20 Manufacturing Engineering (ME) Laboratory completed fuel tank

welding in the Vertical Assembly Facility. MSFC technicians hydrostatically

testedthetankonDecember 1. LOX tunnel installation preparations were under-

way when the period ended. The LOX tank lower assembly, completed at MSFC

late in this period, moved into the Vertical Assembly Facility for installation of

baffles and helium bottles. Significant design changes in the stage's fins and en-

gine fairings caused delays butno expected impact in the structural test program.

Meanwhile, work progressed on the thrust structure and other parts of the aft

section; MSFC scheduled assembly completion for February 1965. Boeing's

schedule called for delivery of the forward skirt to Huntsville also in February

1965, and the Center expected to complete assembly of the S-IC-S forward section
in April 1965. 4

S-IC-D, the dynamic test stage, experienced some delay in tank bulkhead

assembly at Michoud during this period. Boeing and ME Laboratory resolved

technical problems and proceeded with assembly of the S-IC-D LOX and fuel tanks

as the report period ended. Assembly of the thrust structure was 90 per cent

completed at the end of the period. Redesign of fins and fairings delayed assem-

bly of these components. 5

S-IC-Dbulkheadweldingproblems at Boeing/3VIichoud also delayed manu-

facture of the S-IC-F, facilities checkout stage, throughout this period. Major

assembly operations for S-IC-F were expected to begin early in 1965. Improved

manufacturing methods developed in previous stages promised to benefit the S-

IC-F program. Also awaited were the release of tooling from previous assemblies

and release of the assembly position in the Michoud Vertical Assembly Building. 6

2. Saturn V Off., Saturn V Quarterly Progress Report, July 1 - Sept. 30, 1964,

MPR-SAT-V-64-3, p. 2; P&VE Lab., Monthly Progress Report for Period Sept.

12, 1964, through Oct. 11, 1964, MPR-P&VE-64-9, pp. 56-57; and Boeing, Saturn

S-IC Quarterly Technical Progress Report, Oct. 2, 1964- Dec. 31, 1964, D5-

11994-7, p. 115.

3. S-IC-S will be tested in sections, not as a complete stage.

4. Saturn V Off., MPR-SAT-V-64-4, pp. 5-6.

5. SaturnVOff., MPR-SAT-V-64-3, p. 3; MPR-SAT-V-64-4, p. 4; and Boeing,

D5-11994-7, p. 33.

6. S-IC-D and S-IC-F are the two ground test stages being manufactured by Boeing

at Michoud. See Saturn V Off., MPR-SAT-V-64-3, p. 3; MPR-SAT-V-64-4, p.

5; and Boeing, D5-11994-7, p. 40.
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S-IC TANK SUBASSEMBLIES 

Bulkheads fo r  LOX and fuel tanks for the S-IC stage are shown in 
ing 4707 at MSFC. 

Build- 

INSIDE S-IC TANK SKIN 

Workmen using an  air bearing fixture perform a skin weld and trim op- 
eration on an S-IC tank skin assembly in an  MSFC laboratory. 
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S-IC-T, the staticfiring stage, experienced welding and other manufac-

turing problems that delayed its completion by several months. The current

period began with work on the stage several weeks behind schedule. Technicians

discovered and repaired numerous minute weld cracks in both LOX and fuel tank

bulkheads of this stage. LOX tank hydrostatic testing ended in August, and fuel

tank hydrostatic testing ended in November. The S-IC-T forward skirt and in-

tertank, made at Michoud, arrived at Huntsville early in the period for rework

and assembly. Major progress toward completion of these tasks occurred in the

final months of the period. In the Vertical Assembly FacilityME Laboratory

joined the forward skirt to the LOX tank on October 18; joined the fuel tank to the

thrust structure on November 24; completed LOX delivery lines on December 3;

andjoinedthefuelandLOXtanksto the intertank on December 18. As this period

ended workmen were movingthe forward and aft assemblies of S-IC-T to Building

4705for completion of horizontal assembly operations. Rapid mating of assem-

blies demonstrated outstanding coordination and tooling.?

MSFC atHuntsville, with fabrication support from Boeing, worked to build

S-IC-1, the first flight stage. By December 31, 1964, the upper bulkhead of the

fuel tank was complete and baffle installation was inprogress; the lower part of

the tank was ready for baffle installation. The LOX tank's lower bulkhead had

been welded to the Y-ring. Holding up progress was the thrust structure, still
incomplete. 8

Assembly of S-IC-3, the first flight stage to be produced at Michoud by

Boeing, started late in the current period and progressed on schedule. Suction

fittings for the fuel tankwere 35 per cent completed when the period ended. MSFC

will weld these fittings to the gores of the LOX tank bulkhead in order to main-

tain the S-IC-3 delivery schedule. 9

The S-IC stage development program experienced several serious prob-

lems during this period. A new engineering release documentation system, uti-

lizing automatic data processing equipment, was introduced by Boeing to mini-

mize one problem. Other problems included welding, parts shortages, delayed

tooling releases, and late deliveries by vendors. Late in the period MSFC es-

tablished ad hoc committees to investigate delays in qualification testing of valves
and other vendor items. 10

7. P&VE Lab., MPR-P&VE-64-12, p. 48; and Saturn V Off., MPR-SAT V-64-

3, pp. 4-5; and MPR-SAT V-64-4, p. 7.

8. Saturn V Off., MPR-SAT V 64-4, p. 8.

9. Boeing, D5-11994-7, p. 42.

t0. Saturn V Off., MPR-SAT V-64-3, p. 6; and MPR-SAT V-64-4, p. 8.

112



t 

1 :  
1 

t 

L 

113 



S-II STA GE

The second (S-H) stage of the Saturn V vehicle is 81.5 feet long and 33

feet in diameter. It weighs approximately 80,000 pounds empty and about 1, 025,000

pounds loadedwithpropellants. The stage is powered by a cluster of five Rocket-

dyne J-2 rocket engines. The J-2 burns liquid hydrogen ( LH2} and LOX, develops

200, 000 pounds thrust, and is designed for optimum performance at high altitude.

The missionofthe S-II stage is to provide second-stage boost of one mil-

lion pounds for 395 seconds, increasing the vehicular velocity from 5600 miles

per hour to 16,500 mph and the vehicular altitude from 50 to 113 miles. Upon

depletion of propellants the S-II stage separates and reenters the atmosphere.

Prime contractor for the S-II stage is the Space and Information Systems

Division (S&ID) of North American Aviation, Inc. (NAA). S&ID received the

definitive contract in October 1962 and is responsible to MSFC for design, de-

velopment, and manufacture of the S-II stage. The contract schedule requires

fabrication and assembly of ground test stages and delivery of 10 flight stages to

Launch Complex 39 (LC-39) at NASA Kennedy Space Center (KSC). No major

contract modifications occurred during the current report period. At the end of

the period the S-II stage contract value was approximately $475 million.

The S-H program advanced in the July-December 1964 period from the

design phase to the start of the development and qualification test phase. Major

milestones included a successful single-engine firing of the S-II battleship and

technological advances in cryogenic tank insulation, base heat shielding, and pro-

pellant utilization, it

Late deliveries of ground support equipment, special development devices,

and stage systems delayed completion of the S-II battleship at Santa Susana Field

Laboratory (SSFL) during the first two months of this report period. By the end

of September 1964, however, the battleship activation program was nearing com-

pletion. Activation for single-engine tests ended in October. Following erection

and checkout, S&ID in November began static firings of the single J-2 engine on

the battleship. These firings included an ignition test on November 9, a transition

test on November 21, and an attempted mainstage firing on November 26. The

November 26 firing ended after 2.8 seconds. A successful 10-second full-thrust

firing on December 11 was a major milestone in the S-H development program

li. MSFC, Marshall Historical Monograph No. 9 (MHM-9), History of George

C. Marshall Space Flight Center _ Jan. 1 - June 30 t 1964_ pp. 117-119; and NAA

S&ID, Saturn S-HAnnual Progress Report, July 1_ 1964_ Through June 30_ 1965_

SID 63-1028-3, pp. 1-3.
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S-11 COMPONENTS 

An S-I1 stage common bulkhead, tooling, and equipment are shown at the 
Seal Beach facility of Nor th  American Aviation's Space and Information Systems 
Division (S&ID). 

S-11 STAGE FACILITY 

S&ID operates this facility a tEl  Toro, California, which forms S-11 bulk- 
head gores by a process involving use of explosives. 



and completed the single-engine test program. During the remainder of December

technicians prepared the battleship for 5-engine cluster firings, scheduled for

spring of 1965.12

Assembly of S-II-S, the structural static test stage, ended at Seal Beach

in October 1964. During hydrostatic pressure test of the stage's aft LOX bulk-

head on October 28 the bulkhead ruptured and was damaged beyond repair. While

a committee investigated the cause of this failure S&ID workmen immediately began

fabrication of a replacement bulkhead. Meridian welding of this replacement bulk-

head ended on November 21. During December the bulkhead progressed through

"dollar" or dome weldment, hydrostatic inspection, and dye penetrant inspection.

All major structural subassemblies for the stage were complete and preparation

for circumferentialweldingwasunderway when the period ended. Meanwhile, an

engineering evaluation of the failure in the original bulkhead showed the cause to

be aweakness in a critical weld area--the region where the recirculation system
13

plate was welded into the bulkhead gore.

Manufacturing activity on the all-systems stage (S-H-T) proceeded well

from the start of the period. In August full-pressure testing of the common bulk-

head aft facing sheet resulted in discovery of a minute hole, which was repaired

in September. Assembly of the thrust structure started in July and ended in

October with installation of the aft skirt panels. Twelve completed bulkhead gores

for S-II-T were diverted for use in assembling the replacement for the S-II-S aft

LOX bulkhead (see previous paragraph). This delayed completion of the S-II-T

bulkhead. In December S&ID workmen at Seal Beach began welding gore assem-

blies for S-H-T; they completed this work on December 23. S&ID personnel

finished and successfully pressure tested the forward bulkhead also in December.

Theyhad almost completed tank cylinders for the stage by the end of the period. 14

S-II-F, the facilities checkout stage, was in manufacture throughout this

period following the "freeze" of the stage configuration in August. SS_ID workmen

completed meridian welding of the commonbulkhead aft facing sheet in September,

exccpt for several welds that needed repair. Mockup of 70 electrical and instru-

mental harnesses on the electro-mechanical moct_up (EMM), preparatory to fab-

rication of the actual harnesses, ended in October, Welding problems delayed

12. SaturnV Off., MPR-SAT V-64-3, p. 8, andMPR-SAT V-64-4, pp. 10-11;

and NAA S&ID, Saturn S-II stage Monthly Progress Report, November 1964, SID

63-266-22, pp. 1 and 33-37, and SID 63-266-23, pp. 1 and 37.

13. NAA S&ID, SID 63-266-21, pp. 27 and 30; SID 63-266-22, pp. 27 and 45-46;

and SID 63-266-23, pp. 1 and 46.

14. NAAS&ID, SID63-266-18, p. 4;SID 63-266-19, p. 38; SID 63-266-21, p. 31;

and SID 63-266-23, p. 33.

m
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repair of the welds of the aft facing sheet until late December. The thrust struc-

ture assemblywas completed and aft skirt panels were being aligned at the end of

the period. Tank cylinder assembly at Seal Beach proceeded on schedule. Fab-

rication of gores for the forward LH 2 bulkhead was ahead of schedule. Panels

forthree LH 2 cylinders were complete at the end of the period. Meanwhile, _g_tl)

had changed shop completion date for the stage from October to December 1965.

A major program schedule change in December was the decision by NASA to de-

liver S-H-F directly to KSC, bypassing Mississippi Test Operations (MTO).

NASA will use the stage for checkout of LC-39 only. 15

In August MSFC and S&ID froze the configuration design for S-II-D, the

dynamic test stage. Sg_ID's Tulsa facility fabricated and stored ahead of schedule

the non-pressurized structure for the stage. Components fabricated, delivered,

and stored prior to the end of this period included the aft skirt, thrust structure,

interstage, center engine support, forward skirt, and cruciform baffles. On

schedule in fabrication were LH 2 tank panels, LOX slosh baffles, and systems

tunnels. Bulkhead gores were slightly behind schedule. Initial assembly opera-
tions at Seal Beach were scheduled to start in January I965.16

The commonbulkhead test tank (CBTT) is a special test article in the S-

l/program. The CBTT consists of a production common bulkhead, a production

forward bulkhead, two production LH 2 cyliffders, a special forward skirt, and a

shnulated aft bulkhead. These components are joined to form a large tank divided
_xx_.txpx t_A_x_. Jr ia,Ul,tUO,t,iglt and ....... " '- o[

components were well advanced when this period began. In July S&ID completed

assembly of the forward bulkhead. Assembly of both cylinders required for the

tank ended in August. During September workmen completed the forward facing

_heet and insulated the LH_ cylinders. Insulation, bonding, and testing occupied

technicians in October and November. In December S&ID welded together the two

cylinders, finally inspected the forward bulkhead, bonded together the aft and

forward facing sheets to form the common bulkhead, conducted inspections, and

prepared to transferthe various subassemblies to the Vertical Assembly Facility

at Seal Beach for circumferential welding, t_

4

15. SaturnVOff., MPR-SAT V-64-3, p. 10, and MPR-SAT V-64-4, pp. 11-12;

and NAA S&ID, SID 63-266-23, pp. 2 and 34.

16. Saturn V Off., MPR-SAT V-64-3, p. 10; and NAA S&ID, BID 63-266-19, p.

3; SID 63-266-21, pp. 31-32; and SID 63-266-22, p. 29.

i7. NAA S&ID, SID63-266-18, pp. 34-35; SID 63-266-19, p. 37; SID 63-266-21,

p. 33; SID 63-266-22, p. 30; and SID 63-266-23, p. 35.

118



c 
J 
G 
2 
x 
V 
4 w a 

MI 

cd 
m 
hn 

c, 

.r( 

W W 
I cn 

117 



THRUST STRUCTURE FOR S-I1 

The S-II-S thrust  structure is mated to the stage's aft skirt atSeal Beach. 
S-II-S is the structure static test stage. 

S-I1 E LEC TRO-MECHAAICA L MOCKTJP 

The electro-mechanical mockup (EMM) at Downey , California, consists 
of two structures as shown here. The EMM represents a total S-I1 system. 



Buildup of the S-II electro-mechanical mockup (EMM) at Downey was slow

during July andAugust 1964because of late deliveries of GSE and other equipment.

By September a three-shift work schedule was in operation to install and check

out equipment as it arrived. By the end of September the fluid distribution sys-

tem was complete and progress toward activation of the EMM was accelerating.

Automatic equipment rack checkout began. Mockup activity for the S-II-F ended

in October. On November 25 the fluid distribution system and the engine actua-

tion system saw their first use when a J-2 engine was gimballed on the EMM.

During Decemberfabrication of all EMM systems was complete, and installation

was near completion. On December 2 personnel performed an environmental

engine gimbal operation. Another gimbal test occurred on December 5. Auto-

matic equipment integrationbegan on December 17. By the end of this period all
GSE end item models required for EMM activation had been delivered. 18

By theend ofAugust 1964 S&ID was fabricating non-pressurized structural

subassemblies for S-II-I, the first S-If flight stage. This manufacturing took

place at Tulsa and Los Angeles divisions of S&ID. From September through the

remainder of the current period MSFC and S&ID made several major decisions

involving design changes. The first flightstage would differfrom ground test

stages chieflyin LOX tank details: a new baffle design and a thicker aft bulkhead;

increase from about 48 to ill inches in the diameter of the aft bulkhead dollar

section, with correspondingly shortened gore assemblies; and incorporation of

integral systems plates in the LOX bulkhead. Another approved change was re-

duction of LH 2 tank pressure from 39 to 36 pounds per square inch (psi). The

design changes caused a 9-week delay in the manufacturing schedule, but delivery

of S-II-i to MILA was stillscheduled for July 1966. Program participants also

decided that the double seal insulationdeveloped by MSFC would be used as the

primary LH 2 tank insulation, effectivewith S-II-4. In December S&ID released

the engineering drawings for the new ill-inch sump ring and shortened gore as-

semblies. Redesigned components were being manufactured at the end of this

period. Twenty-four of the 36 gore assemblies for S-II-I were complete; four

of the necessary 24 LH 2 cylinder panels were complete; and Tulsa Division was

working satisfactorilyon manufacture ofthe aft skirt, thrust cone, center engine

beam, forward beam, forward skirt, and systems tunnel.19

18. The EMM consists of two structures. One is a full-size replica of the for-

ward skirt and LH 2 tank bulkhead. The other is a full-size replica of the LOX

tank, aft skirt,thrust structure, and interstage. The EMM represents a total

S-II system that includes fully integrated and checked out sets of ground support

equipment and automatic checkout equipment. Itwill be modified to the configura-

tionofeach testand flightstage. See Saturn V Off., MPR-SAT V-64-3, pp. 7-8;

andNAA S&ID, SID 63-266-20, pp. i-2 and 37; SID 63-266-21, p. 36; SID 63-266-

22, pp. 19, 21, and 31; and SID 63-266-23, pp. 25-26 and 39.

19. NAAS&[D, SID 63-266-19, p. 5; SID 63-266-21, p.32; SID 63-266-22, p. 30;

and SID 63-266-23, p. 34.
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S-IVB STAGE

Thethird (S-IVB) stage of the Saturn V vehicle also serves as the second

stage of the Saturn IB vehicle. The S-IVB stage as used in the Saturn V is 58.5

feet long and 21.6 feet in diameter; the aft interstage flares to a diameter of 33

feet at the base where it joins the S-II stage. Dry weight of the stage is approxi-

mately 27, 000 pounds. Propellant capacity is about 230, 000 pounds of LH 2 and

LOX. S-WB has a single J-2 engine for propulsive power, generating 200,000

pounds of thrust in the vacuum of space.

The function of Saturn V/S-IVB in the LOR mission is to boost the Apollo

payload into earth orbit and then into a translunar trajectory. Following separa-

tionof the S-II stage at 113 miles altitude the S-IVB stage ignites for the first of

its two burn periods. The first burn of 170 seconds accelerates the vehicle to

orbital velocity and injects it into a parking orbit about the earth. The vehicle

then coasts until it reaches the proper point for translunar injection. At the pre-
cise instant the S-IVB restarts and burns for another 310 seconds to achieve

transfer orbit. The S-IVB and instrument unit remain attached to the Apollo

Lunar ExcursionModule to provide additional inertia during the separation, turn-

around, and docking of the Apollo Command and Service Modules. Upon com-

pletion of thismaneuverthe Saturn V portion of the mission is complete, and the

S-IVB/IU combination separates from the spacecraft.

Douglas Aircraft Company's (DAC's) Missile and Space Systems Division

is the S-IVB stage prime contractor. Under terms of the contract awarded in

August 1962 DACis responsible to MSFC for design, development, manufacture,

and test of S-IVB stages for the Saturn IB and Saturn V programs. The original

contract called for DAC to provide five ground test stages and six flight stages,

all for Saturn V. Subsequently, NASA approved the Saturn IB vehicle program

and amended the S-IVB contract to include Saturn IB requirements. Currently

under contract are 12 flight stages for Saturn IB and six for Saturn V. Approxi-

mate value of the prime contract at the end of the report period was $319 million.

Except for a few minor differences the S-IVB stage is alike for both launch

vehicles. The Saturn IB version is approximately 4, 000 pounds lighter, by cur-

rent estimates. The areas of weight difference include the forward skirt, aux-

iliary propulsion system, aft skirt, propulsion system, interstage, and electrical

system. The auxiliary propulsion system (APS), which is used for ullage and

attitude control, is different because ofmissiondifferences. The SaturnV/S-IVB

has a flared aft interstage to fit the larger-diameter S-II stage, whereas the

Saturn IB/S-IVB aft interstage is the same diameter as the rest of the S-IVB

stage. The primary propulsion system of the Saturn V/S-IVBhas orbital restart

capability to meet the needs of the LOR mission, while the Saturn IB/S-IVB is

designed to burn only once.
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Therearefive S-IVB ground test stages: battleship, structural test, dy-
namic, facility checkout, and stage simulator (the simulator for use at MSFC).
DACwill initially deliver all ground test stages except the MSFC simulator in the
SaturnIB configurationandwilllater modify the stages to the SaturnV configura-
tion. DACwill deliver the simulator in the SaturnV configuration for use with the
Saturn V Systems DevelopmentBreadboard Facility.

Sincethe Saturn IB is being developedfirst and is scheduledto fly before
the Saturn V, the research and development (R_D) coverage of the S-IVB stage
is contained in the Saturn IB chapter of this report. 2°

MSFC and DAC completed contract negotiations for the MSFC simulator
(S-IVB-500-ST) program on November 22, 1964. Hardware from the cancelled
S-IVB all systems stagewill be reallocated for use in the simulator.

In October DAC beganfabrication of S-IVB-501, the first SaturnV flight
stage. LH2tank cylindrical sections arrived at Huntington Beach, and LOX tank
assembly started at SantaMonica. Design problems in the forward and aft skirt
electrical installations delayed the program. Work was several weeks behind
schedule at the end of the period, but DAC was making progress in spite of en-
gineering problems. Fabrication of the commonbulkhead was underway, five of
theninegore segmentsfor the aft LOX bulkhead had beenwelded in the meridian
weld fixture at Huntington Beach.21

INSTRUMENT UNIT

The SaturnV instrument unit (IU) is 21.6 feet in diameter and 3 feet high.

It weighs about 3,500 pounds, based on current estimates. The IU is almost

identical in both Saturn IB and Saturn V vehicles. Itis a cylindrical assembly

composed of three honeycomb segments and located between the S-IVB stage and

the payload. The IU structure contains equipment mountings and supports and a

unique thermal conditioning system that circulates a coolant to the electronic

components and through mounting and thermal conditioning panels in both the IU

and the S-IVB stage. The IU equipment includes instruments and systems for

navigation, guidance, control, range safety, telemetry, and tracking.

20. Saturn V Off., Saturn V Project Development Plan, February 1965, Docu-

ment MA 001-AZD-2H, pp. 9-10; MSFC, MHM-9, pp. 123-125; and 89th Cong.,

Ist sess., H. Rpt., 1966 NASA Authorization, Mar. 3-i7, 1965, pp. 431, 926,

and 927.

21. DAC, S-IVB Saturn Monthly Technical Progress Report, SM 46824, Issue

No. 27, October 1964, pp. 2, 4, 75, and 94; DAC Rpt. SM 46935, Issue No. 29,

p. 84; and Saturn V Off., MPR-SAT V-64-4, p. 17.
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MSFC is responsible for developingthe IU. Major guidancecomponents
are provided by International Business Machines Corporation (IBM) and Bendix
Corporation. Early in 1964 NASA selected IBM to be the "lead" or prime con-
tractor for the Saturn IB/V IU. As lead contractor IBM will integrate all IU sys-
tems, assemble flight units, and assume full mission responsibility beginning
with the fifth Saturn IB vehicle. 22

Sincemost IU development during the current report period concerned the

Saturn IB program, general R&D progress and contract actions are reported in

the Saturn IB chapter of this report.

Several ground test IU's belonging exclusively to the Saturn V program

underwent development and preparation for test at MSFC during this period.

Among these units were the S-IU-500-FS (flightsystems test), the S-IU-500-ST

(systems test), and the S-IU-500-V (vibration test) units. MSFC also builtan

IU mockup foruse in determiningplacement of equipment and systems. Vibration

and structural tests of IU components and subassemblies occurred. The buildup

of SaturnVgroundtestunits proceeded, and preparations were underway for tests

beginning early in 1965 of complete units with electronic systems aboard. On

December 7 Astrionics Laboratory began the S-IU-500-FS training course for en-
gineers and technicians. 23

Vehicle Ground Support Equipment

Saturn V ground support equipment (GSE) includes nonfacility hardware

used to check out assembled vehicles; to handle, transport, and service all stages

andthe instrument unit ; and to launch the vehicle. CaSE associated primarily with

launch support is the responsibility of NASA Kennedy Space Center and is not

covered in this report.

During July 1964 MSFC modified the Boeing S-IC stage contract to pro-

vide some $16 million in automated ground test and checkout equipment for the

S-IC stage. NASA authorized Boeing to purchase this equipment to support S-IC

static firings at MSFC and at MTO. Boeing integrates the vehicle mechanical

support equipment supplied by Boeing and other contractors and also operates the

Saturn V equipment management system. Contract supplements to the S-IC prime

cont_'act coverthese GSE services and the hardware involved. Negotiations with

22. MSFC, MHM-9, pp. 131-133.

23. SaturnVOff., MPR-SAT V-64-3, p. 16; MPR-SAT V-64-4, pp. 22-23; and

memo, F. W. Brandner, Astrionics Lab., to Distribution, "Saturn Monthly Prog-
ress Report, December 1964, "Jan. 19, 1965.
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Boeing on the vehicle GSEmission contract were nearly complete at the end of
this period. MSFC received the revised Boeing cost proposal for the vehicle
equipment managementcontract in mid-December and immediately began nego-
tiations. Completion of negotiations onboth contract supplements was expected
early in 1965.24

General Electric Company (GE) under a contract awardedinFebruary
1962,providesSaturnV electrical supportequipment (ESE). MSFC and GE were
negotiating the ESE design portion of the overall contract at the end of the cur-
rent period. Contract approval and award were anticipated early in 1965.

Radio Corporation of America (RCA) is responsible for the necessary
computer systemsandalso provides related maintenance and support operations.
The RCA l l0A computer system is used to check out, test, and launch the Saturn
V vehicle. MSFC and RCA completednegotiations in June 1964for purchaseof
19 RCA IlOA systems. On August 12, 1964, MSFC awarded the fixed-price-
incentive-fee contract in the amount of $27million. This contract was in addition
to an order placed with RCA in August 1963for seven ll0A computer systems.
The 26 computers will be used for both Saturn IB and SaturnV vehicles. In
December 1964MSFC investigators found that soldering in IlOA computers was
ofpoor quality and directed RCA to improve this work. RCA then submitted a re-
vised delivery scheduleby which the S-IC checkout computer for MSFC would be
delivered 10weekslate, in February 1965.2_

InAugust 1964MSFC sought quotations for purchase of sevenoperational
display systems, to be used with computers for checkout and launch of Saturn V
vehicles. In October the Center chose SandersAssociates, Inc., for negotiations
to provide these systems. On December 11 NASAapproved the resulting fixed-
price-incentive-fee contract, valued at $7.4 million.26

Early in September1964MSFC awarded to Hamilton Standard, a division
of United Aircraft Corporation, a $2.5 million contract for manufacture of eight
propellant servicingtrailers. Thesetrailerswill be used at KSC to fuel auxiliary
propulsion systems on the S-IVB stage of Saturn IB and Saturn V vehicles.

24. 89thCong., 1st sess., Authorizing Appropriations to the National Aeronau-

tics and Space Administration, H. Rpt. No. 273, May 3, t965, p. 17; and Saturn

V Off., MPR-SAT V-64-4, p. 25.

25. NASA, SP-4005, p. 297; and Saturn V Off., MPR-SAT V-64-4, p. 25.

26. SaturnVOff., MPR-SAT V-64-3, p. 18; MPR-SAT V-64-4, p. 25; and 89th

Cong., 1st sess., H. Rpt. No. 273, p. 432.
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SIMULATOR AND TRANSPORTER 

The S-IC simulator is shown at MSFC on a stage transporter used to move 
The simu- the Saturn V booster from manufacturing site to test and launch sites. 

lator is the same size and weight as the S-IC stage. 

,’ 

,/” 

S-I1 STAGE TRAXSPORTER 

This Type I S-I1 stage transporter, built to move S-I1 stages over 
California highnays, \vas delivered to Seal Beach and put to use during this re- 
port  period. 

12 5 



Astrionics and Quality and Reliability Assurance Laboratories continued

throughout this period the buildup of the Saturn V Systems Development Bread-

board Facility (SDBF). The SDBF is a prototype set of checkout equipment for

the first facility checkout of LC-39. Workmen laid telephone cables between

Astrionics Building 4436 and Quality Building 4708 for the breadboard data link,

and connectedthe equipment. During September MSFC and Boeing completed ne-

gotiations calling for Boeing operation of the breadboard facility. In November

the support contractor completed the SDBF development plan and submitted it to

MSFC for approval. By the end of December 1964 Boeing had placed 33 bread-

board operations personnel in Building 4708.2_

The first S-IC transporter, assembled atMSFC prior to the current period,

went into service following tests and checkout. The transporter, No. 101, sup-

ported S-IC-T during assembly of that static te st stage in M E Laboratory's Building

4705. On October 9, 1964, MSFC accepted delivery of S-IC transporter No. 102,

the first oftwotobe provided under contract by the Fruehauf Corporation. Work

began on assembly and checkout of No. 102. Near the end of this period Fruehauf

completed structural assembly of transporter No. 103 and scheduled delivery in

early January 1965. During December MSFC received bids from 12 firms for

fabrication of three additional S-IC transporters, No. 104 through No. 106. Award

of the contract was expected in January 1965. Five Boeing personnel, plus two

from Michoud and three from KSC, visited MSFC in December to receive train-

ing on the transporter and the M-26 prime mover used to operate the transporter. 28

The S-IC stage simulator, a structural mockup that simulates the bulk and

weight of the S-IC stage, was used at MSFC prior to this period in road-testing

the S-IC transporter. In July 1964 the Center started design work to modify the

simulator by cutting it into two sections. During August workmen divided the

simulator into sections simulating the LOX tank and the fuel tank as fabricated

at MSFC. ME Laboratory used these two sections to simulate movements of the

stage from Building 4705 to the Vertical Assembly Facility. Following this ex-

ercise workmen during September and October reassembled the simulator and

27. Memos, Astrionics Lab to Distribution, "SaturnMPR, July 1964, ""September

1964," "November 1964, " and "December 1964."

28. The S-IC transporter is a massive wheeled vehicle on which the S-IC stage

moves from manufacturing to test and launch areas. See Test Lab., Test Labora-

tory Monthly Progress Report, Sept. 12- Oct. 12, 1964, p. 39; Oct. t2- Nov.

12, 1964, p. 36; Nov. 12 - Dec. 12, 1964, p. 36; and Dec. 12, 1964 - Jan. 12,

1965, pp. 36-37.
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fitted it with a steel forward handling ring. MSFC received the steel handling

ringfrom a contractor on October 30 and installed iton the simulator to replace

the aluminum handling ring; this cost reduction measure released the much more

costly aluminum handling device for use on the S-IC stage during manufacture. 29

The contractor responsible for providing the S-H transporter, 30 American

Machine and Foundry Company (AMF), completed the Type I transporter in July

1964 and tested it. AMF shipped the Type I transporter to Seal Beach, where

S&ID accepted it onAugust 31 and begantraining personnel in its use. Meanwhile,

the first M-26 prime mover (an Army surplus tank retriever modified for use

with thetransporter) had arrived at Seal Beach on August 12. A second modified

M-26 suppliedby NASA was delivered onAugust 26. Also in August S&ID awarded

a contract for tree-trimming along roads from Port Hueneme to SSFL, California.

Tree-trimming and other route clearance began in September and continued

throughout this period. A transporter trial run along this route was gcheduled for

January 1965. S&ID acceptance tested the first Type H transporter at the AMF

facility at York, Pennsylvania, during November. Delivery of this transporter
was due at the end of this period. 31

Hayes International Corporation completed design of the Saturn IB/V in-

strumentunit shipping container in October 1964 and was manufacturing the first

of the containers when this period ended. Delivery to MSFC was due in January
1965.32

NASA has accumulated a fleet of about 20 river- and sea-going vessels of

varying size for transportation of Saturn stages. In the current period several of

these surplus Navy and Army ships were in the process of being adapted to their

29. The aluminum handling ring, built to exacting requirements, cost $710, 000.

The steel ring designed to replace it in handling the S-IC simulator cost only

$16,000. See Test Lab., MPR_ July 12-Aug. 12_ 1964_ p. 40; Aug. 12- Sept.

12_ 1964_ p. 44; Sept. 12- Oct. 12_ 1964, p. 39; and Oct. 12- Nov. 12_ 1964_
p. 36.

30. The Type I S-H transporter, specially designed to comply with California

I.lt)_ lk

ways to Santa Susana. The Type II transporter will be used to transport the stage

on roads controlled by the U. S. government. One Type I and four Type II trans-
porters are ordered.

31. Test Lab., M__PPR, July 12- Aug. 12, 1964, p. 39, and Aug. 12- Sept. 12,

196___44,pp. 45-46; and NAA S&ID, SID 63-266-19, pp. 18, 39, and 40; SID 63-266-

20, p. 43; SID 63-266-22, p. 41; and SID 63-266-23, p. 43.

32. Test Lab., MPR_ Nov. 12- Dec. 12_ 1964_ p. 37.

127



newuse. NASAchoseYFNB-40 for conversion to use as the S-IC barge; modifi-
cation drawings were complete and scheduledfor contract bidding by the end of
this period. The WestCoastBarge (YFNB-20) will be modified for shipping S-II
and S-IVB stagesalong the California coast. OnAugust 31, 1964, Harbor Boat
Building Companywonthe $265,000modification contract for this barge; thefirm
had almost completed the work at the end of this period. NASAallocated three
YFNB vessels asopen-deckshuttle barges--two for use at Michoud/MTO andone
for the CapeKennedyarea. Oneof these, YFNB-45, underwent temporary modi-
fications duringthis period at acost of $85,448; this vessel was scheduledto move
the S-IC simulatorfromMSFC to Michoud in February 1965. Design and drafting
modifications to all three shuttle barges were complete by December31, 1964.33

Othervesselsused for Saturn V transport include the barge Promise, a

converted YFNB used throughout the Saturn I program; the USNS Point Barrow,

a self-propelled Navy LSDbeing converted as a carrier for S-II and S-IVB stages

from the West Coast to the New Orleans and Cape Kennedy areas; and 12 heavy

Armybarges, undergoing modification as propellant tankers and general purpose

barges atMichoud andMTO. The Promise, scheduled to transport the S-IVB dy-

namic stage from MichoudtoMSFC, had its defective radar system replaced with

a standardized radar set late in this period. On July 31, 1964, Military Sea

Transport Service (MSTS) completed the modification design for the Point Barrow;

the modification contract was due for completion in May 1965. 34 Shipyards were

converting nine of the Army barges to LOX and LH 2 tankers, and three barges

went into service at MTO carrying heavy equipment and construction material.

During this report period MSFC began to investigate proposals by aircraft

firms to design a plane big enough to transport the S-II and S-IVB stages. Aero

Spacelines, owner of the Pregnant Guppy aircraft, made a presentation to MSFC

officials near the end of this period. No decision was announced. 35

MSFC completed the Saturn Stage Transportation Plan lnAugust 1964 and

distributed it on August 25.36

33. TestLab.,MPR, Aug. 12- Sept. 12, 1964, p. 42; Nov. 12-Dec. 12, 1964,

pp. 35-36; and Dec. 12, 1964-Jan. 12, 1965, p. 37.

34. TestLab., MPR, Nov. 12 - Dec. 12, 1964, p. 36; and Test Lab., Historical

Report, July I- Dec. 31, 1964, p. 22.

35. Test Lab., MPR, Dec. 12, 1964-Jan. 12, 1965, p. 37.

36. Test Lab., MPR, Aug. 12- Sept. 12, 1964, p. 46.
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Engine Research and Development

The F-1 and the J-2 rocket engines comprise the primary propulsion sys-

tems of the Saturn V launch vehicle. Both engines are designed, developed, and

produced by the Rocketdyne Division of NAA. MSFC manages both engine pro-
grams for NASA.

The F-1 engine burns RP-1 and LOX. It generates 1.5 million pounds of

thrust at sea level and is the Free World's most powerful liquid rocket engine.

Five F-1 engines in the first stage of the launch vehicle provide a total of 7.5

million pounds thrust. Rocketdyne began development of the F-1 in 1958. Prior

to this period the F-1 had achieved rated thrust and duration in numerous tests

and had completed preliminary flight rating tests (PFRT).

The J-2 engine, under development since 1960, burns LH 2 and LOX. It

develops thrust of 200, 000 pounds in the vacuum of space. Five J-2 engines in

the second stage of Saturn V produce 1,000, 000 pounds thrust. A single J-2 pow-

ers the Saturn V third stage. Rocketdyne achieved full thrust and full duration

firings many times in tests prior to the current period, both at sea level and in
simulated vacuum conditions.

F-1 ENGINE

Rocketdyne continued F-i development, test, and production throughout

this period under R&D contraet NASw-16 and production contract NAS8-5604. The

definitive production contract calling for 76 engines was awarded on March 30,

1964. Engine development and manufacturing occurred at Canoga Park, California.

F-1 engine and component testing was at the Edwards Air Force Base Rocket

Engine Test Site (RETS) and SSFL, both in California. Engine tests also occurred
at MSFC.

Engineers concentrated on solving several major development problems

gine system tests during the six-month period, including 225 R&D, FRT, and 57

acceptance firings at RETS. Development problems included combustion instabi-

lity, nozzle extension, turbopump, thrust chamber, heat exchanger, and gas gen-
erator.

Combustion stability seemed assured after selection of a new type of thrust

chamber injector that passed numerous tests in the previous reporting period.
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Continued testing of the chosen injector during the current period proved that the

injectorVs performance was satisfactory for FRT. Eighty-seven per cent of all

tests duringthe period lasted for the scheduled duration, signifying solution of the

combustion stability problem. Injector testing continued to the end of the period,

however, to satisfy the stability requirements of the engine qualification program. 3T

Turbopump design changes following two LOX pump explosions early in

1964 proved satisfactory in testing during the first half of this report period, se

Gas generator developers testing the single-wall uncooled combustor for

the FRT configuration had some success in reducing gas generator oscillations

during the start phase. The engineers also designed a new type of pyrotechnic

igniter for the generator and modified the combustor to accept the igniter. Tests

continued with gas generator injectors and acoustic liners. 39

Testing of a heat exchanger designed earlier in 1964 demonstrated that the

unit met FRT requirements. Heat exchangers from two vendor sources performed

well in tests. Engineers encountered a structural cracking problem and developed

an insulated flange that appeared to reduce the temperature variation and solve
the problem. 4o

Thrust chamber difficulties during this period included tube cracking, fuel

manifold leaks, and cracking in injectors. The tube cracking problem, believed

basically due to thermal stresses, was corrected by reducing operating tempera-

tures, increasing fuel orifice size, and improving tooling to eliminate tube dents

and surface brazing. After these corrective actions, there was a significant in-

crease in the tube durability. Fuel manifold leaking was corrected by hand-brazing

of joints. Injectors in Block I engines tested at MSFC cracked during firing tests;

analysis indicated that the cause was environmental factors, but Rocketdyne also

investigated the problem from a metallurgical standpoint. Overheating and ero-

sion of the 24-shingle skirt extension caused concern, but new welding techniques

helped reduce erosion damage. 41

A new type of contoured manifold inlet designed prior to this period under-

wer_t testing wiih apparentiy satisfactory results. A new low-pressure LOX dome
also went into use.

37. EngineProjectOff., Quarterly Progress Report_ F-1 t H-I_ J-2, andRLl0

Engines_ July_ Aug., & Sept. i964_ QPR-Eng-64-2, pp. 11-12; QPR-Eng-65-1,

pp. i0-ii; and 89th Cong., ist sess., H. Rpt., 1966 NASA Authorizationr. Mar.

3-17, 1965, p. 216.

38. Engine Program Off., QPR-Eng-64-2, p. 1.

39. ]bid_____.,pp. 3-4; and Engine Projects Off., QPR-Eng-65-1, pp. 3-4.
40. ]bid.

41. Engine Program Off. , QPR-Eng-64-2, pp. 4-8; andQPR-Eng-65-1, pp. 7-8.
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Testing of the selected 24-shingle gas-cooled nozzle extension continued

from the preceding report period. Shingle erosion caused by overheating and

buckling prompted engineers to modify the shingle edges and change welding tech-

niques to reduce damage. Tests on production engines toward the close of this

period showed erosion greatly reduced in long-duration firing. 42

Duringthe July-December 1964 period Rocketdyne delivered to NASA five

production F-1 engines. The Block II type engines were for ground firing tests.

Rocketdyne used two of the engines, F-2004 and F-2006, at RETS to perform FRT

in November and December. Rocketdyne completed FRT at RETS during December.

The engine contractor delivered three engines--F-2005, F-2007, and F-2008--to

MSFC for use on the S-IC-T stage. 43

J-2 ENGINE

NASA gave Rocketdyne the J-2 engine R&D contract in 1960 when develop-

ment of the liquid hydrogen engine started. This contract, NAS8-19, remained

in effect during the current report period. The definitized production contract,

NAS8-5603, covering 55 engines and related services, went into effect June 24,

1964. Initial value of this contract was $89.5 million. OnAugust 24, 1964, NASA

announced that it would purchase 102 additional J-2 engines for Saturn IB and

Saturn V vehicles, at an approximate cost of $165 million. The new engine order,

tobenegotiatedbyMSFC and Rocketdyne beginning in March 1965, will be a sup-

plement to contract NAS8-5603.44

Rocketdyne develops and manufactures J-2 engines at Canoga Park,

California, and performs testing at SSFL. Development and acceptance testing

during the report period resulted in t73 engine system firings, for a total firing

time of 14, 345 seconds. 45

Engineers solved several component problems during the period. Major

problems included operations of the fuel turbopump, gas generator, and propel-

lant utilization valve.

Rocketdyne resolved the fuel turbopump difficulties dating from the pre-

ceding report period. The engineers also eliminated an abnormal rise in the

balance piston cavity pressure by incorporating leaded bronze rub -rings, and they

haltedpump stall by modifying the pump's rotor blade. Another persistent prob-

lem involved cracks in the curvic couplings of fuel pump turbine wheels. After

extensive analysis engineers corrected this failure by replacing the curvic cou-

pling wheels with shear bolt wheels.

42. Engine Program Off., QPR-Eng-64-2, pp. 6-8; and QPR-Eng-65-1, p. 8.

43. Engine Program Off., OPR-Eng-65-1, pp. 1 and 11.

44. MSFC, MHM-9, p. 145; and NASA, SP-4005, p. 294.

45. Engine Program Off., QPR-Eng-64-2, p. 25; and QPR-Eng-65-1, p. 19.
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5-2 IS FIRED 

A 5-2 engine is test f i red at Santa Susana Field Laboratory. 
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TURBOPUMP FACTORY 

5-2 engine turbopumps are produced in this Rocketdyne facility at Canoga 
Park. 

t 

* 
5-2 ASSEMBLY LINE 

Liquid hydrogen 5-2 engines for  Saturn IB and Saturn V upper stages are 
shown on a Rocketdyne assembly line at Canoga Park ,  California. 
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Failures in the gas generator combustor body brought on an intensified

investigation. Rocketdyne engineers solved the problem by increasing the thick-

ness of injector rings and by brazing the rings to the body of the gas generator.

Rocketdyne also investigated leakage in the control valve and face poppet. A new

method of LOX poppet valve installation reduced the leakage.

In an effort to reduce the drop in bypass pressure in the propellant utili-

aztionvalve Rocketdyne developers reworked three volutes and successfully tested
them. 46

Rocketdyne delivered several J-2 production engines during this period.

By the end of December Rocketdyne had delivered seven: two to DAC for the S-

IVB battleship; oneto DAC for spring-rate tests; three to S&ID for the S-II battle-

ship; and one to Rocketdyne for the informal PFRT program. In addition to initi-

ating procurement action for 102 additional engines, NASA made plans to convert

the cost-plus-fixed-fee contract to a cost-plus-incentive-fee contract. 4Y

The engine contractor performed the J-2 engine PFRT late in this period.

PFRT firings occurred in November on Test Stands Delta 2-A and 2-B at SSFL.

In this same period of testing a J-2 engine demonstrated its restart capability for

the first time. This major milestone in the J-2 program occurred on December
11. In the ground test the engine operated for 165 seconds and was shut down.

After a 75-minute "orbital coast" period simulating the Saturn V/S-1VB mission

the engine restarted. Seven seconds later it was shut down for six minutes. Then

the engine was restarted and operated for 310 seconds. J-2 engine FRT is sche-

duled for completion in May 1965. Engine qualification tests should be completed
in December 1965. as

Facilities

Facilities supporting the Saturn V vehicle program underwent construction

and modification during this report period. The principal facilities for develop-

ment, manufacture, and test of the Saturn V are at MSFC/Huntsville and at Michoud

Operations, Mississippi Test Operations, Boeing, NAA S&ID, DAC, NAA Rocket-

dyne, andvarious government sites. Launch facilities are at NASA Kennedy Space
Center in Florida.

46. Engine Program Off., QPR-Eng-64-2, p. 26; and QPR-Eng-65-1, p. 23.

47. Engine Program Off. , QPR-Eng-64-2, p. 31; and QPR-Eng-65-1, p. 30; and
Saturn V Off., MPR-SAT V-64-4, p. 20.

48. Engine Program Off., QPR-Eng-65-1, p. 19; and NASA, SP-4005, p. 416.
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MSFC

Major Saturn V facilities at Huntsville are in the MSFC Test Laboratory

area. The principal facilities include the S-IC Static Test Stand, F-t Engine Test

Stand, SaturnV Dynamic Test Facility, J-2/S-IVB ( Liquid Hydrogen) Test Faci-

lity, Ground Support Equipment (GSE) Test Facility, Components Test Facility,

Instrument Laboratory, Barge Dock and Loading Facility, and supporting systems.

The S-IC Static Test Stand, which was almost completed structurally when

this periodbegan, had completion troubles during most of the period. Inspectors

found major deficiencies in both 200-ton and 150-ton derricks, the rollout plat-

form, LOX system design, water deflector, and the stand's steel superstructure.

Corrective actions and installation of technical systems led to final acceptance of

the stand late in the period. Minor modifications were still inprogress when the

period ended, although activation of the stand was also in progress. MSFC
awarded a contract in November for installation of activation hardware on the

stand. This $355,000 contract, due for completion in February 1965, went to

McAlister and Quinn Construction Company. Workmen inserted the S-IC simu-

lator inthe stand on December 23 to check out stage handling procedures, equip-
ment, and clearances. 49

The F-1 Engine Test Stand contractor completed constructionby September

1, 1964. Modifications, general cleanup, painting, and utilities installation con-

tinued. Duringa load test of the 100-ton derrick on November 10 the test load of

100 tons was accidentally dropped. The load fell 50 feet before striking the con-

crete apron. Damage consisted of broken crane cables and cracked concrete.

By the end of the period all brick-and-mortar work was complete except for re-

pair of damage caused by the accident and installation of safety devices on the

100-ton derrick. Major technical system items were in place, with completion
expected in January 1965.5o

At the mammoth Saturn V Dynamic Test Facility major construction ended

by September 30. Facility inspection and tests occupied the remainder of the

period. The 200-ton derrick motor had to be returned to the factory for rework.

Derrick load tests were scheduled for January 1965.51

49. TestLab., MPR_ Aug. 12 - Sept. 12, 1964, pp. 26-28; and Dec. 12_ 1964 -

Jan. t2_ 1965_ pp. 21-22.

50. SaturnVOff., MPR-SAT V-64-3, p. 19; MPR-SAT V-64-4, p. 28; and Test

Lab., M.PR_ Nov. 12 -Dec. 12_ 1964, pp. 22-23; and D.ec. 12_ 1964- Jan. 12_

196__5, p. 23.

51. saturn V off., MPR-SAT V-64-3, p. 19; and Test Lab., MPR_ Oct. 12 -

Nov. 12_ 1964_ p. 24.
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S-IC STAND ACTIVATED 

A derrick lowers the S-IC stage simulator into the S-IC Static Test  Stand 
at MSFC on December 23, 1964. The simulator duplicates the weight and di- 
mensions of the S-IC stage to  be fired in this stand during 1965. 
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MSFC TEST FACILITIES 

Shown in this November 1964 picture are, left to right: Saturn V Dynamic 
Test Facility, Saturn I/IB Dynamic Test Facility, and F-1 Turbopump Test Stand. 

SWING ARM TEST AREA 

This facility at MSFC is used to test Saturn swing arms. 
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The J-2/S-IVB Test Facility construction project was 65 per cent complete

whenthis period began. Lear Siegler, the technical systems contractor, started

installation of equipment and instrumentation on September 8. Brick-and-mortar

work moved slowly late in the period. Load tests of the 75-ton and 50-ton der-

ricks startedonDecemberll and continued to the end of the period. Construction

was more than 95 per cent complete when the period ended. Technical systems
installation was 67 per cent completed. _

The SaturnV GSE Test Facility was more than 75 per cent complete at the

start of this period. Construction of the blockhouse ended inAugust. On September

1 MSFC notified Lear Siegler to proceed with installation of technical systems.

By early December 1964 the first high-pressure nitrogen system was complete.

Const_lction of the facility was 97 per cent complete. Installation of equipment

and technical systems continued. Meanwhile, design was in progress for an ex-
tension to the GSE Test Facility. a_

Construction of the Components Test Facility lagged during the July-

December 1964 period, and thisprojectwas about 75 per cent complete when the

period ended. Installation of equipment began on December 14. An addition to

this facility was 35per cent complete and proceeding on schedule at the end of the

period. On December i0 MSFC awarded a $357,873 contract for an extension to

the Components Test Facility instrumentation. 54

Construction of the Instrument Laboratory ended on September 1, 1964.

MSFC assumedbeneficial occupancy of the entire facility in November and started

operating it. Installation and checkout of technical systems was completed in
December. _

Workwhich started in May 1964 on the Acoustic Model Test Facility con-

tinued throughout this report period. The $1.1 million project was more than 30

per cent complete at the end of the period. Technical systems procurement and

fabricationbegan on October 22. Construction completion was due in May 1965.56

52. This project also includes a blockhouse expansion, power plant test stand,

and LOX storage facilities. Test Lab., MPR) July t2 -Aug. 12, 1964, p. 30;

Aug. 12- Sept. 12, 1964, p. 31; Nov. 12- Dec. 12, 1964, p. 25; and Dec. 12,

1964- Jan. 12, 1965, pp. 24-25.

53. TestLab.,_dPR, _aly 12-Aug. !2, !964_ p. 28;Aug. 12-Sept. 12, 1964,

p. 30; Sept. 12 - Oct. 12_ 1964) p. 31; and Nov. 12- Dec. 12, 1964, p. 23.

54. Test Lab., Hist. Rpt., July I- Dec. 31, 1964, pp. 19-20.

55. Ibid. and Saturn V Off., MPR-SAT V-64-3, p. 19.

56. Test Lab., MPR, Nov. i2- Dec. 12, i964, p. 27; and Dec. 12, 1964- Jan.

12, 1965, p. 26.
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OnAugust 1, 1964, MSFC awarded the contract for construction of an ad-

dition to the Test Support Shop. Site grading and relocation of utilities required

mostofthis report period. Structural steel was arriving at the end of the period,

and erection of steel was scheduled to begin early in January 1965.57

On September24, 1964, MSFC opened construction bids for expansion and

modernization of the High-Pressure Gas System. Daniel Construction Company

won the $995, 000 contract and started work on October t 9. s8

Among other Test Laboratory projects in design or ready for construction

when the period ended were the following: Modernization of instrumentation and

control systems inthe East Area; Transportation Hangar and addition to Building

S-4653; the Acoustic Control Communication Center, an addition to Building 4566;

replacement of the deflector pit at the Power Plant Test Stand; a new addition to

the Test Laboratory Engineering Building; extension to the High-Pressure Gas

System; and additional LOX storage facilities for the F-1 Engine Test Stand.

Construction of the Saturn V Barge Dock and Loading Facility, adjacent

to the Saturn I Dock on the Tennessee River at MSFC, ended on November 15,

1964, except for grassing. 59 The four-mile Saturn V Road leading to the dock

area was almost complete at the end of this period.

At MSFC's Propulsion and Vehicle Engineering (P&VE) Laboratory con-

struction of the Load TestAnnexended onAugust 1, 1964, except for minor com-

pletion tasks and utilities installation. On August 15 the Center awarded a $2
million construction contract for an extension to the Load Test Annex. s0

Under construction in the Manufacturing Engineering Laboratory area was

the $3.7 million Hangar for Vehicle Components, Building 4755.

Construction of the Components and Subassembly Acceptance Building

ended onJuly 15, 1964. MSFC held final inspection of the building on July 27 and

Quality personnel moved into the building in August. 61

The Astrionics Laboratory's Acceleration Test and Calibration Facility,

although not completed, was pressed into partial service about July 1. It was

scheduled for completion inthe summer of 1965.62 Construction of the Hazardous

_ _,_,_,_rnef , _DR__AT v-_a-_, p. ta.o,a Test T_h Hist. Rpt. Ju!), ! -

Dec. 31, 1964, p. 21.
58.

59.

60.

61.

62.

p. 7.

Test Lab., MPR, Oct. 12- Nov. 12, 1964, p. 28.

Test Lab., Hist. Rpt., J_y 1- Dec. 31, 1964, p. 21.

Saturn V Off., MPR-SAT V-64-3, p. 19.
Ibid.

Executive Staff, Management Information, Vol. III, 2nd Ed., October 1964,
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SATURN V DOCK PROGRESS 

Work proceeds in October 1964 on the Tennessee River dock to be used 
by the S-IC barge in transporting Saturn V boosters. 

ROAD PROGRESS 

A bridge is under construction on the Saturn V Road leading to the MSFC 
Barge Dock. This picture was made in October 1964. 

I 142 



ASTRIONICS FACILITY 

The Acceleration Test and Calibration Facility is shown nearly completed 
at the Astrionics Laboratory. 

NEW BUILDING IN SERVICE 

MSFC Quality and Reliability Assurance Laboratory began using the huge 
Components and Subassembly Acceptance Building following its completion in 
July 1964. 
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Operations Laboratory began onAugust 5, 1964, with completion scheduledfor
June 1965. Workmen completed the SaturnV Systems DevelopmentBreadboard
Facility (SDBF) inBuilding 4708on November14. At the end of the period work
continuedonelectrical supportequipment (ESE) checkoutfacilities which started
October 29 in Building 4373.

MICHOUD

Construction workers at MSFC's Michoud Operations completed several
major Saturn V facilities during this report period. Work continued there on a
number of other large projects supporting the Saturn V launchvehicle program.
The Boeing facilities contract, NAS8-5606(F), increased in value by more than
$2million, to a revised total of approximately $19million. 63

The Michoud Engineering and Office Building, beneficially occupied on
September1, 1964,wascompletedonOctober15at acost of $6.7 million. Boeing
andother contractor andgovernmentpersonnel movedfrom downtownNew Orleans
andother temporary locations into the newstructure during Octoberand November.
The move endedon November 10.64

The construction contract for the Vehicle Component Supply Building and

the Hazardous Materials Storage Building was awarded on November 19. Granite

Construction Company won this $2 million contract on which completion was sche-

duled in September 1965. 6s

Completed on December 15 was the Vertical Assembly Facility. Boeing

completed the equipping and instrumenting of this facility and occupied it during

the period. The tank repair station for the facility was still under design, how-

ever, when the period ended. 66

At the end of the period Boeing still lacked about three months of com-

pleting the S-IC Stage Test and Checkout Facility, a $2.5 million project. The

structure will consist of four cells for testing Saturn V boosters.

Very near completion at the end of this period was the Hydrostatic Test

and Cleaning Facility, whichwas scheduledforfulluse in the first quarter of 1965.

63. Michoud Op., Hist. Rpt._ July 1- Dec. 31, 1964_ p. 21.

64. Ibid.____.,p. 37.

65. lbid__.__.,p. 38.

66. ]bid____.,and Saturn V Off., MPR-SAT V-64-4, p. 32.
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FACILITY A T  MiCEO'u'D 

The Michoud Operations Vertical Assembly Facility was completed in 
December 1964 and placed in service as  an S-IC stage assembly site. 
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-- Other construction progress at Michoud included plant modifications and

improvements, additions to production facilities, and road and utilities improve-
ments. 6T MSFC awarded a contract on December 17 for construction of additions

to the nearby Central Computer Facility at Slidell, Louisiana.

MISSISSIPPI TEST OPERATIONS

Under construction at Mississippi Test Operations (MTO) in Southwest

Mississippi is the acceptance test site for S-IC and S-II stages. Selected in 1961,

this government-owned facility which is a division of MSFC occupies about 13,500

acres and is surrounded by aleased acousticalbuffer zone of about 125,000 acres.

Major construction started at MTO in 1963. When completed in i 966 at a cost of

approximately $250 million, MTO will provide two test positions for the S-IC stage

and two for the S-H stage, plus all necessary support facilities and equipment.

During the July-December 1964 period the Army Corps of Engineers, as

construction and procurement agent forMSFC, completed acquisition of all needed

land at the site. The Engineers supervised a growing program of construction

and procurement. By the end of the period 135 constructionand procurement

contracts totalling $126.6 million were in force or completed. Construction

weather was generally good throughout the period. A total of 2,689 persons,

mostly construction workers, were employed at MTO when the period ended.

MTOfacilities canbedivided into three categories: Test Facilities, Sup-

port Facilities and Utilities, and Waterway and Docking Facilities.

Test Facilities: Major projects completed in this category during the cur-

rent period included Industrial Water Well No. 2, on October 21, and the founda-

tionforS-H Test Stand A-I, completed on December 22. Progress on test faci-

lities was as follows: High-Pressure Gas Facility, 73 per cent complete; Data

Acquisition Facility, 90 per cent; S-IC Test Stand substructure (two positions),

70 per cent; S-H Test Stand A-2 57 per cent; and High-Pressure Water Pump

Station, Heating Plant, and Emergency Power Plant, 33 per cent. New contracts

awarded: S-IC TestStand, positionB-2, awarded on July i3 to Koppers Company,

Inc., for $17.2 million (6 per cent complete at end of period) ; S-H Test Stand

A-I, to Koppers on December 4 for $8 million; and Industrial Water Supply, to

the firm of Chaney and Hope on November 30, for $309, 000.

67. Michoud Op., Hist. Rpt. July I- Dec. 3!_ 1964 ! pp. 21, 32, and 38; and

Executive Staff, Ma__gement Information, Vol. II, 3rd Ed., May 1965, pp. 38
and 48.

146



l -  

OVER HALF COMPLETED 

S-I1 Test Stand A-2, the f irst  stand started at Miasissippi Test Opera- 
tions, i s  pictured in December 1964, when it was 57 per cent completed. 

SECOND S-II STAND AT MTO 

S-I1 Test Stand A-1 is shown in a Novem'mr is84 pickre at Mississippi 
Test  Operations during foundation construction. A-I is the second of two S-II 
stands being built there. 
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Support Facilities: Projects completed were: Railroad and Classification

Yard, completed July 18; Emergency Services Building, August 18; Warehouse

and Site Maintenance Building, November 25; Telephone Building, November 11 ;

Central Heating Plant, November 16; and Miscellaneous Utilities ( Central Control

Building and Data Handling Center), September 20; and Miscellaneous Utilities

(Central Heating Plant and Administration Building), July 1964. Support facili-

ties progress during this period: Roads, Railroads, and Utilities, 86 per cent

complete; Office and Administration Building, 82 per cent; Roads A, H, K, and

L, 35 per cent; S-IC Booster Storage Building, Booster Dock, and Canal Exten-

sion, etc., 74 per cent; Central Control Building and Data Handling Center, 71

per cent; Propellant Facilities, 46 per cent; Electronics, Instrumentation, and

Materials Lab, 47 per cent; site work for Emergency Services, Office and Admin-

istration, Central Control and Data Handling Center Buildings, and Warehouse

area, 65 per cent; and Test Maintenance Building, 30 per cent. New contracts:

Site work for several buildings and areas, awarded on July 2 to Thornton Con-

struction Company and Hyde Construction Company, for $683,000 (65 per cent

complete at the end of the period) ; Inflammable Materials and Welding Tank Storage

Buildings, awarded October 28 to Carpenter Brothers for $258, 000 (70 per cent

complete); Sonic Measuring Facilities, awarded November 2 to Carpenter Brothers

for $636,000 ( 9 per cent complete); warehouse additions and site work, to Fullerton

Construction Company for $1.6 million on December 18; Roads, Parking Areas,

and Scale, Components Services Facility, and site work, awarded on December

23 to Hyde and Thornton combined firms for $1.7 million; and Mobile Equipment

Maintenance Building, awarded December 28 to Carpenter Brothers for $1.1 mil-
lion.

Waterways and Docking Facilities: Projects completed this period included

the Cryogenics Dock, Canal Extension, and Deluge Intake Structure, on July31;

and dredging of the East Pearl River and lock approach channel, completed

November 3. Progress on other projects: mooring devices and piers for Cryo-

genicsDock, 99percent complete; Bascule Bridge, 96 per cent; Navigation Lock

and Lock Water Supply, 74 per cent; and Main Canal construction, 73 per cent.

There were no new contract awards in this category during the period.

Major MTO procurement contracts monitored by the Mobile District of the

Corps of Engineers and status of contracts as of December 31, 1964: ten high-

pressure industrial water pumps, Nordberg Manufacturing Company, total cost

$2.9 million, 80 per cent completed; modification of nine LOX and LH 2 barges,

Chicago Bridge and iron Company, $5.4 _.._1-_ AAm_,,_v,,, _ per cent completed; reloca-

tion of State Highway 43 from MTO buffer zone, $2.2 million, 25 per cent com-

pleted; and cryogenic and high-pressure gas valves, filters, etc., $3.4 million,

12 per cent completed.
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This December 1964 
vices Building at Mississippi 

I 

BUILDING AT MTO 

photo shows the newly completed Emergency Ser- 
Test Operations. 

MTO TELEPHONE CENTER 

Workmen completed the Mississippi Test Operations' Telephone Building 
in November 1964, a month after this picture was made. 
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Duringthis periodMSFC supervised a number of large contracts at MTO.

These contracts, totalling more than $64 million, included procurement of tech-

nical systems as well as facility activation and support operations. 68

CONTRACTOR

Major facilities for the development, production, andtest of the S-IC stage

are ownedby the government and located atHuntsville, Michoud, and MTO. These

facilities are described elsewhere in this report. Boeing owns manufacturing

facilities principally at Seattle, Washington, and Wichita, Kansas.

S-II stage development and production facilities are at Downey, Seal Beach,

and E1 Toro, California, as well as at Tulsa, Oklahoma. Development tests of

the stage are conducted at Santa Susana Field Laboratory (SSFL), California. At

Seal Beach major construction during this period involved the Structural Static

TestTower, the Vertical Checkout Building, and a warehouse. Basic construction

of the test tower ended prior to this period, but modifications were needed before

startingtestof the S-II-S stage. On October 21 NASA awarded a contract for re-

workofthe tower. This project ended in December. NASA awarded the contract

for construction of the Vertical Checkout Facility early in November 1964. Com-

pletion was scheduled in mid-1965. The contract for construction of a 32,000-

square-foot warehouse was awarded in November, with a scheduled completion

date of July 1965. Other facility projects that progressed at Seal Beach included

expansion of the Pneumatic Test,Paint, and Packaging Building; and extension of

the BulkheadFabricationBuilding. SSFL S-II stage test site facilities underwent

some modifications and additions. Activation of Coca 1, the battleship test site,

occurred in November. Work continued toward completion of Coca 4, the All-

Systems Test Stand. Construction of the Common Bulkhead Test Facility began

in September 1964 and progressed on schedule through November, when nearby

battleship test operations and inclement weather delayed construction progress. 69

S-IVB stage contractor facilities are described in the Saturn IB chapter

of this report.

68. MTO, Mississippi Test Facility Construction/Activation Bi-Weeklv Activity

Report, coveringDec. 14, 1964-Jan. 11, i965, Rpt. No. 38, pp. 1-9; and MTO,

Historical Report, July 1- Dec. 31, 1964, pp. 2 and 11-21.
69. NAAS&ID,SID63-266-21, p. 20; SID63-266-22, P. 22; and Saturn S-II Annual

Progress Report, July 1, 1964 - June 30, 1965, Report SID 63-1028-3, pp. 179
and 182; and Saturn V Off., MPR-SAT V-64-4, p. 34.
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F-I engine facilities are at the following locations: Canoga Park,

California, where Rocketdyne develops and manufactures both F-1 and J-2 engines;

and Edwards Air Force Base, California, where Rocketdyne performs development

and acceptance tests of F-1 engines and components. MSFC provides augmented

facilities atboth Canoga Park and Edwards. Facility construction at Canoga Park

in this period involved expansion of manufacturing and production facilities and

construction of an engine checkout cell. At Edwards the major facilities activity

was atthe F-1 engine acceptance test complex of RETS, consisting of three static

test stands and associated equipment. Activation of this $34 million complex took

place on October 9, 1964, when NASA formally accepted the complex from the

Corps of Engineers. On this occasion MSFC officials also witnessed a readiness

firing demonstration on the stands. On November 21 an environmental capability
on one of the three new stands was accepted. On December 2 a contract was awarded

forconstructionofa2500-tonLOXtank at RETS. Completion of the tank is sche-
duled for August 1965. Y0

J-2 engine facilities work at Canoga Park included expansion of manufac-

turing and production test facilities as well as development support equipment.

In July MSFC awarded a $3.6 million contract modification to Rocketdyne which

included provisions for additional engine production equipment at Canoga Park.

Also in this modification project were provisions for test support facilities at

SSFL, which included construction of propellant storage facilities and modifica-

tion of Vertical Test Stand 3 and Delta 1 Test Stand, as well as repairs to vari-
ous facilities. 71

KENNEDY SPACE CENTER

NASA Kennedy Space Center (KSC) in Florida provides launch operations

supportforthe Saturn V vehicle program. Launch Complex 39 (LC-39) at Mer-

ritt Island Launch Area (MILA) is under construction for the Apollo/Saturn V

program. Since KSC has primary responsibility for launch facilities construction,

this report includes only brief general coverage of these facilities.

,,t_-6vlacilRiesuomsist of the "'^"-'-' "̂ .... _.,.._,.._,._.,.t,ra,_ o,,,t o_

sociated systems, the Launch Control Center, Pad A and Crawlerway, Pad B and

70. Executive Staff, Management Information, Vol. VII, 2nd Ed., January 1965,

pp. 5 and 90; and Engine Program Off., QPR-Eng-64-2, p. 17; andQPR-Eng-

65-1, p. 11.

71. Executive Staff, Management Information, Vol. VII, 2nd Ed., January 1965,

pp. 37 and 89.
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F-I ENGINE TEST AREA 

This is a view of the F-I engine acceptance test complex at Edwards A i r  
Force Base, California. The three test stands in  this area became operational 
in October 1964. 

5-2 TEST COMPLEX 

The Bowl Area at Santa Susana Field Laboratory, California, includes 
three test stands for developmental f ir ing of 5-2 engines. 
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Crawlerway, andaMobfle Service Structure (formerly called the Arming Tower).

Launch support equipment at LC-39 includes three mobile launchers (formerly

called launcher/umbilical towers) and two crawler-transporters. Launch vehi-

cleswillbe assembledvertically and checked out in the VAB. Aboard the mobile

launchers on which they were assembled inside the VAB, the vehicles will then
move to the launch pad for prelaunch checkout and launch.

TheVAB, caUedtheworld's largest building, was about 15 per cent com-

pletedwhenthis periodbegan. American Bridge Division of U. S. Steel Corpora-

tion is erection contractor for the building, which will contain more than 50, 000

tons of steel and 25,000 tons of concrete when completed. By the end of this

period overall VAB construction progress was approximately 84 per cent. All

structural steel work was complete in the low-bay area. Steel erection in the

high-bay area was at the 419-foot level in all four towers. A 175-ton crane ship-
ment arrived in December.

Launch Control Center: Construction progress was on schedule for the

Launch Control Center and various support facilities including the utility annex,

crawler road tunnel, water and sewage systems, electrical substation, fuel

storage tanks, and high-pressure gas facilities. The Instrumentation Building

was 33 per cent complete. Construction began November t0 on the Launch Equip-

mentShop, a $1.4 mfllionproject. On December 28 work began on the Ordnance

Storage Facilities. Contract awards were pending for the vehicle unloading area

and the VAB Repeater Communications Building.

Pad A and Crawlerway: This $19.2 million project will provide the first

vehiclelaunch site. At the end of the period crawlerway construction (from VAB

to the pad) was 83 per cent complete. Pad construction and adjunct facilities

continued generally on schedule. Foundation work for the Mobile Service Structure

ended onDecember 28. Propellant service facilities construction and installation

proceeded under several subcontracts managed by Catalytic Construction Com-

pany. On December 6 the Corps of Engineers completed the design for the Op-

erations Support Buildings for Pad A and Pad B.

Pad B and Crawlerway: The site preparation contractor completed the

surcharge and fill contract on October 23. On November 30 the Corps of Engi-

neers awarded to the firm of G. A. Fuller the pad and crawlerway construction

contract. Notice to proceed on the $19 million contract was issued on December

12, and the contractor began work.
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Mobile Service Structure: Rust Engineering Company completed the de-

sign on July 8, 1964. Award of the $11.4 million contract to the combined firms

of Morrison-Knudsen Company, Inc., Perini Corporation, and Patti Hardeman

Construction Company occurred on September 21. Notice to proceed came on
October 2.

Mobile Launchers: In 1963 IngaUs Iron Works Company won the $1t.4

million contract covering erection of three mobile launchers. During the cur-

rent report period NASA extended the late-1964 completion date because of bad

weather, strikes, and other delays. By the end of this period Mobile Launcher

No. t was virtually complete. Units No. 2 and No. 3 continued under erection:

No. 2 was "topped out" and the hammerhead crane installed; No. 3 erection was

at the 160-foot level when the period ended. Electrical-mechanical work on the

launchers began in August under a separate contract. A contract covering modi-

fications to the three mobile launchers, to both launch pads, and to other launch

support equipment was issued on December 21 to Pacific Crane and Rigging

Company, with a completion date of September 1966. On September 14NASA

ordered 20 pneumatic separators for launcher arms; eight units were delivered

during the period. The first of 16 holddown arms for the mobile launchers ar-

rived at KSC on October 31 from the fabrication contractor. On September t0

Hayes International Corporation received the $tl. 4 million contract to fabricate

Saturn V service arms and related equipment.

Crawler-Transporters: The manufacture and fabrication of all compo-

nents for Crawler-Transporter No. I had been completed by the contractor and

shippedto LC-39bytheperiod's end. Assembly of the massive vehicle continued

at MILA. Components for Crawler-Transporter No. 2 started arriving at the

site and erection was underway when the period ended, u

Saturn V and RelatedStudies

SaturnV studies duringthis period emphasized improvement of the launch

vehicle and selection of payloads and missions to supplement or come after Apollo.

Othermajor studies concerned lunar exploration and logistics, earth-orbital op-

erations, planetary systems, reusable rockets, and advanced propulsion systems.

MSFC awarded approximately 30 study contracts on these subjects in June and

July 1964. The Center managed the studies and provided contractors with in-

house support..

72. KSC, Technical Progress Report_ Third and Fourth quarter CY-1964 t TR-
t59, Mar. 5, t965, pp. 33-73.
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LAUNCH VEHICLE STUDIES

Near the start of the current period MSFC awarded vehicle improvement

study contracts to the Saturn V prime contractors. These studies, carefully de-

fined beforehand by in-house investigations, sought ways to increase the payload

capability and operational efficiency of the Saturn V. Boeing, the S-IC stage con-

tractor, received four of these contracts--one applying to the S-IC stage and three

to the entire vehicle. S&ID was awarded the S-II stage study. DAC undertook the

S-IVB stage study. All the Saturn V improvement studies were scheduled for com-

pletion in the spring of 1965.

P&VE Laboratory's Advanced Studies Office performed a study of liquid

strap-on units for Saturn ]]3 and Saturn V vehicles. Results of this study, pub-

lished in January 1965, concluded that such a strap-on propulsion system was

technically feasible and would increase the Saturn V payload by 12,500 pounds. 73

The Advanced Studies Office also conducted a conceptual study of a two-

stage launch vehicle consisting of modified S-II and S-IVB stages, minus the S-

IC stage. This Saturn V-X launch vehicle would employ high-pressure LOX/LH 2

engines instead of J-2 engines and would have a payload capability between that of

Saturn IB and Saturn V. The preliminary investigation showed that such a con-

cept appeared feasible. _4

Other contractedlaunch vehicle study programs were as follows: Launch

Vehicle Systems Criteria, to Boeing and NAA; Launch Vehicle Cost Parameters,

to General Dynamics/Fort Worth and Martin/Denver; Launch Vehicle Component

Cost, to Lockheed; and Launch Vehicle Cost Model, to General Dynamics/Fort

Worth. None ofthesewas completed during the current period. MSFC also sum-

marized the results of the Fiscal Year 1964 launch vehicle cost model study in a

report published September 21, 1964.75

73. P&VE Lab., Compatible Licluid Strap-on Units for Saturn Launch Vehicles_

IN-P&VE-A-65-3, Jan. 25, 1965, pp. I and 20.

74. P&VE Lab., Saturn V-X Launch Vehicl% IN-P&VE-A-65-1, Jan. 18, 1965,
pp. 1 and 3.

75. Future Projects Off., Planning Information and Activity Report, June 1965,

pp. 36-49; and Launch Vehicle Systems CostModel_ NASA TM X-53136, Sept. 21,
1964.
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A Boeing study of S-IC stage recovery and reusability conc:uded in

December 1964that a non-winged recovery method appeared most attrac_.,ve. The

report recommended recovery by water impact, for immediate implementation.

Two other reusability studies were in progress during this period. Boeing in-

vestigated a first-stage Reusable Orbital Transport, while General Dynamics/

Astronautics studied a second-stage concept for this transport. Awarded to NAA

in September 1964was a contract for a study entitled "Utilization of Spent Stages."

MSFC conducted an in-house study for utilizing the spent S-H stage to enclose

and shield a manned earth-orbiting research laboratory. 76

A Post-Saturn Launch Vehicle Study by Martin/Baltimore ended in

November 1964. MSFC summarized this study program in a February 1965 re-

port. The report concluded that gaseous core reactor and nuclear pulse engines

appeared preferable to solid core reactor engines for large post-Saturn chemo-
nuclear vehicles. _

LUNAR STUDIES

Major studies inthis category concerned adaptation of Apollo hardware to

supportand extend lunar exploration. The Apollo Logistic Support System (ALSS)

program includedaward of parallel contracts to Bendix and Boeing covering pre-

liminarydesign study of a mobile lunar laboratory (Molab) to support the initial

landings. Meanwhile, MSFC designed and built a Molab mockup. MSFC and con-

tractors began work on Apollo Extension Systems (AES) studies, involving use

of Apollo and Saturn capabilities for manned missions beyond currently approved

programs. AES studies investigated missions including lunar surface explora-

tion, lunar-orbital surveys, and advanced earth-orbital operations. Effort in

this reportperiod concerned evaluation, analysis, and conceptual design of lunar

surface mobility systems. MSFC awarded three contracts for Lunar Exploration

Systems for Apollo (LESA) studies related to lunar activities of the middle and

late 1970's: General Dynamics/Fort Worth is investigating LESA operations and

logistics; Westinghouse, communications and control; and Garrett Corporation,

human factors and environmental control. A related study, underway by Bell

Aerosystems, concerned a rocket-powered translunar vehicle or "lunar hopper"

for short flights on the lunar surface. All these lunar studies were due for com-

pletion by June 1965. Completed by Martin in December 1964 was the "Orbital

and Lunar Flight Handbook," a study begun in 1962.78

76. Boeing Co., Study of Saturn S-IC Recovery and Reusability, Summary Tech-

uical Report, D2-23722-1, December 1964, pp. 1-2; and FPO, Planning Infor-

mation and Activity Report, June 1965, p. 36.

77. Future Projects Off., Planning Information and Activity Report_ June i965,

pp. 36-37; andAdvanced Post-Saturn Earth Launch Vehicle Study_ Executive Sum-

mary Report_ NASA TM X-53200, Feb. 3, 1965, pp. 18-19.

78. Future Projects Off., Planning Information an d Activity Report, June 1965,

pp. 21, 37, and 46-48.
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EARTH-ORBITAL OPERATIONS

Several studies of orbital launch operations (OLO) were in progress dur-

ing this period. OLO is defined as the procedures and techniques by which a ve-

hicle is assembled, fueled, checked out, and launched from earth orbit. Chance

Vought/Astronautics continued a systems study begun in June 1963 entitled "Ad-

vanced Orbital Launch Operations, "which was due for completion in October 1965.

Support studies included two contracts awarded just before the start of the cur-

rent period: "Orbital Tanker Design," involving a cryogenic tanker, awarded to

Lockheed; and "Orbital Launch Facility," undertaken by Boeing. 79

PLANETARY SYSTEMS

Most planetary mission studies of this period concentrated on definition of

manned Mars and Venus exploration and conceptual design of systems for these

missions. Included were extensive in-house contracted investigations. Among

contracted studies were the following: '_Manned Mars and Venus Exploration,"

by GD/A; "LowAcceleration Space Transportation," by United Aircraft Corpora-

tion and General Electric; '_/lars Surface Operations," by Avco Corporation;

"Mission Requirements for Manned Mars and Venus Exploration," by General

Dynamics/Fort Worth; "Advanced Nuclear System Parameters," a continuation

of a study started in June 1963 by Space Technology Laboratories; and "Planetary

Transportation System Model," by GD/A and Martin/Denver. MSFC also con-

tinued in-house studies on manned and unmanned interplanetary flyby missions.

Several in-house studies contributed to the overall investigation of planetary

systems. In February 1965 the Future Projects Office published an Executive

Summary Report which summarized results of the first phase of MSFC study on

manned Venus or Mars flyby missions based largely on Apollo/Saturn V hardware.

Such missions might be desirable in the last half of the 1970 decade, the report

said. MSFC also summarized contracted studies on manned planetary flyby mis-

sions and orbiting missions. The flyby study report showed that both Mars and

Venus missions were feasible using available hardware but should be deferred

until 1975-1980because of funding limitations. The planetary orbiting study con-

cluded that fast roundtrip missions to Venus and Mars in 1975-1977 appear feasible,

using nuclear solid-core propulsion. 8o

79. lbid.__=.,pp. 18-20 and 36-37.

80. P&VE Lab., MPR-P&VE-64-8, p. 15; Future Projects Off., Planning Infor-

mationand Activity Report, June t965, pp. 23 and 36-37; Manned PlanetaryRe-

connaissanceMissionStudy: Venus/Mars Flyby, NASA TM X-53204, Feb. 5, 1965,

p. 1; Early Manned Planetary Flyby Mission Study, Executive Summary Report,

NASA TM X-53201, Feb. 4, 1965, p. 1; and Early Manned Planetary Orbiting

Mission Study, Executive Summary Report_ NASA TM X-53202, Feb. 4, 1965,
p. 1.
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ADVANCED PROPULSION

The P&VE Laboratory and Future Projects Office continned to investigate

the complete spectrum of propulsion systems and their integration in launch ve-

hicles. Chemical, nuclear, and electric propulsion were considered. Chemical

systems included liquid and solid rockets, air-breathing propulsion, and combi-

nations orhybrids. Nuclear systems studies included solid and gaseous core re-

actors as well as nuclear pulse schemes; and electric propulsion methods included

electro-thermal, electro-static, and electro-magnetic systems. The Future Pro-

jects Office concluded, shortly after the end of this report period, that there was

no urgent reason to develop an operational electric propulsion capability at this

time, since no high-energy missions were currently planned. Continued studies
were recommended. 81

Funding

Obligations for the Saturn V program at MSFC during the period July 1 -

December 31, 1964, totalled $628, 560, 000. This total was divided into the fol-

lowing allotments: S-IC stage, $182,106,000; S-H Stage, $139, 564, 000; S-IVB

stage, $80, 592,000; Instrument Unit, $31,619, 000; Ground Support Equipment,

$26,866, 000; F-1 Engine procurement, $60, 900, 000; J-2 Engine procurement,

$47,118, 000; Vehicle Support, $59, 795, 000. m

Summary

The Saturn V launch vehicle program under MSFC's direction emerged

from the preliminary design phase and entered the ground test phase during the

July-December 1964 period. The government-industry team approached full

strength of approximately 300, 000 persons across the United States.

MSFC and Boeing made strides in development of the S-IC stage. The

static firing stage, S-IC-T, neared completionat Huntsville while structural test-

ing of booster hardware got underway. Ground test stages were taking shape in

shops atMSFC and Michoud Operations. Work also began on the first three flight

stages--two at Huntsville and one at Michoud.

81. Future Projects Off., Planning Information and Activity Report, June 1965,

pp. 24-25; and Study of Electrical Propulsion in Space, Executive Summary Re-
port, NASA TM X-53196, Jan. 28, 1965, pp. 14-15.

82. Information furnished Aug. 24, 1965, by Louis E. Snyder, MSFC Financial

Management Off.
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S-II stage developmentby NAA S&ID included significant progress in manu-

facture of ground testhardware and the first flight stage. Milestones of the period

included assembly of the first common bulkhead and successful static firing of the

S-II battleship.

S-IVB stage progress, reported in detail in the Saturn IB Chapter of this

history, included a full-duration firing of the S-IVB battleship. Among other

notable achievements by DAC, the prime contractor, were completion of the dy-

namic test stage, near completion of several other ground test stages, and start

of fabrication on the first flight stage.

The F-1 and J-2 engines, under development by NAA Rocketdyne, made

scheduled progress toward operational readiness. The F-1 demonstrated its

stability and also passed flight rating tests (FRT), a major milestone. The J-2

engine performed preliminary flight rating tests (PFRT) and also, for the first

time, demonstrated its restart capability.

Several milestones occurred in Saturn V facilities construction. Many

major facilities at MSFC were virtually complete, including the S-IC Static Test

Stand, F-1 Engine Test Stand, and Saturn V Dynamic Test Facility. At Michoud

workmen completed the Engineering and Office Building and the Vertical Assembly

Facility. MTO construction reached a new peak of activity; several support faci-

lities were complete and rapid progress was made on S-IC and S-II test stands.

Contractor facilities placed in operation included three new F-1 engine test stands

at EdwardsAir Force Base, S-II vertical assembly and structural test towers at

SealBeach, and major development and test facilities at Santa Susana Field Lab-

oratory and Sacramento Test Center.

A wide study program, in-house and by contractors, placed emphasis on

improving the Saturn V vehicle and selecting payloads, missions, and space ex-

ploration methods for the post-Apollo period.
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APPENDIX A: SATURN I CHRONOLOGY

July- December 1964

July 21

July 31

In July

August 6

August 7

August 27

NASA Headquarters officially named the micrometeoroid

measurement project the "Pegasus" project. It called

the capsules Pegasus A, Pegasus B, and Pegasus C.

The barge Promise with the S-I-10 aboard docked at

MSFC following a seven-day journey from Michoud.

Technicians immediately installed the S-I-10 in the
static test tower at the MSFC test site.

Chrysler Corporation Space Division (CCSD) began post-

static modification and repair of S-I-8.

MSFC completed S-IU-9 component installation and ini-

tiated final checkout procedures.

The first and only static firing of S-IV-9 lasted 398.94

seconds; all test objectives were achieved.

Kennedy Space Center (KSC) technicians completed

electrical mating of S-I-7, S-IV-7, and S-IU-7 at

Launch Complex 37, Pad B (LC-37B).

KSC technicians at LC-37B mated the boilerplate Apollo

spacecraft (BP-15) to the SA-7 vehicle.

The Douglas Aircraft Company (DAC) shipped the S-IV-8

stage to the Sacramento test site for static tests.

Test engineers at the Sacramento test site removed S-

IV-9 from Test Stand 2B and installed S-IV-8.

Because of Hurricane Cleo near Cape Kennedy, techni-

cians suspended for two days SA-7 prelaunch activi-

ties.
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In August

September 8

September 17

September 18

September 22

DAC completed final assembly of the last S-IV flight

stage, S-1V-10.

MSC's spacecraft contractor, Space and Information

Systems Division (S&ID) of North American Aviation,
delivered BP-16 and BP-26 command modules and

launch escape systems to KSC.

To avoid delay in the Saturn launch schedule and also to

enhance success of the Pegasus experiments, NASA

andMSFC reprogrammed Pegasus development. The

new directive reduced the requirements for a fully-

qualified Pegasus A but called for no changes in de-

velopment requirements for Pegasus B or C capsules.

SA-7 prelaunch activities were suspended as KSC per-
sonnel evacuated the Center forHurricane Dora. The

hurricane passed 85 miles north of Cape Kennedy and

caused little damage to SA-7 or the launch site.

Final countdown for the SA-7/Apollo launch began at

11:25 p. m. EST. The count continued uninterrupted
for five hours before the first hold occurred.

Fourholds, lasting twohours and 43 minutes, interrupted

the final countdown for the SA-7/Apollo launch.

The SA-7/Apollo made a highly successful flight, with

liftoff occurring at 11:22.43 a.m. EST, and orbital

insertion of the payload 631.38 seconds later. Mis-

sions accomplished in flight included first demonstra-

tion of the s-iv nonpropulsive venting system; first

demonstration of a fully active ST-124 guidance sys-

tem, control rate gyros, and the ASC-15 guidance

computer; and jettison of the Launch Escape System

(LES) bythe alternate mode involving both the launch

escape motor and the pitch control motor.

The first S-I-10 static firing lasted 3.01 seconds before

automatic cutoff occurred. Automatic cutoff came at

"time for commit" when a thrust pressure switch

failed to operate.
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September 22

September 24

In September

October 6

October 13

October 15

October 19

October 22

October 26

October 29

In October

November 3

NASA rescheduled Saturn launches SA-9, SA-8, and SA-

10 approximately two months later than planned. This

provided additional development time for the Pegasus
payloads.

The second S-I-10 static firing lasted 35.08 seconds.

MSFC completed final checkout of S-IU-9 and prepared

the unit for shipment to KSC.

In its third and final acceptance test S-I-10 fired for

149.93 seconds before inboard engine cutoff and then

to 154.48 seconds until LOX depletion caused cutoff

of outboard engines. All test objectives were accom-

plished.

CCSD began final checkout of S-I-8.

Workmen completed construction of the Engineering and

Office Building at Michoud Operations. The building

will house personnel of the Saturn I, Saturn IB, and

Saturn V programs.

The barge Promise with the S-I-9, the S-I stage fins, and

the S-IU-9 aboard began a ten-day trip to KSC from
the MSFC dock.

DAC shipped the S-IV-9 stage to KSC aboard the Preg-

nant Guppy aircraft.

NASA directed MSFC to appoint a Pegasus Project

Officer to provide technical direction for the project.

Technicians removed S-I-10 from the MSFC static test

stand and loaded it aboard the barge Palaemon for a

return trip to Michoud Operations.

MSFC completed assembly operations for S-IU-9 and be-

gan final checkout of the unit.

KSC technicians erected S-I-9 on LC-37B at KSC.
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November 5

November 7

November 13

November 19

November 20

December 4

December 5

December 18

December 19

December 29

DAC transferred the S-IV-I 0 stage to the Sacramento test

site for prestatic checkout and acceptance tests.

The S-I-I 0 arrived at Michoud Operations for poststatic

checkout and repair.

The BP-16 Apollo service module, adapter, and insert

arrived at KSC from MSFC aboard the Pregnant Guppy
aircraft.

KSC technicians completed erection of the S-IV-9 and

the S-IU-9 atop the S-I-9 on LC-37B.

The S-IV-8 acceptance firing lasted for a duration of

475.8 seconds; all test objectives were achieved.

DAC moved S-IV-8 from the static test stand to the

Evaluation and Development Building for poststatic

checkout and repair.

Test engineers installed S-IV-10 in Test Stand 2B at

DAC's Sacramento Test Center. Preparations for

firing the stage began.

Fairchild Hiller Company completed fabrication and

checkout of the Pegasus A capsule and transferred it

for final checkout to the General Electric plant at

Valley Forge, Pennsylvania.

KSC completed electrical mating of the S-I-9, S-IV-9,
and S-IU-9 at LC-37B.

Pegasus A, the first flight capsule, arrived at the launch

site ......... gnant ......a_oaru u_v Pre _u_,_y.
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APPENDIX B: SATURN IB CHRONOLOGY

July- December 1964

July 2

July 14

July 22

July 31

In July

August 1

August 18

Chrysler Corporation Space Division (CCSD) completed

its clustering of tanks for the first S-IB flight stage

(s-m-l).

DAC began structural tests of the S-IVB stage. The

liquid hydrogen (LH2) tank of the structural test stage

ruptured duringhydrostatic test as a result of insuf-
ficient weld at seams.

CCSD received the S-I dynamic stage at Michoud for

modification to the S-IB stage configuration (S-IB-

D/F).

The Wismer-Becker firm, contractor for the Gamma

Complex atSacramento, California, turned the facil-

ity over to Douglas Aircraft Company (DAC).

The Military Sea Transport Service (MSTS), completed

modification design for Point Barrow, a Navy LSD

procured for S-1VB transportation.

CCSD began fabrication of S-IB-3 components.

DAC began production of major S-1VB structural sub-
assemblies.

DAC completed evaluation of the auxiliary propulsion

system (APS) module design.

MSFC awarded Saucer Marine Ways, New Orleans,

Louisiana, a contract for modifications of the

Palaemon barge. The modifications would include

installation of a pilot house and wing bridge.

MSFC reviewed DAC's S-IVB pneumatic ground support

equipment (GSE) design.
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August 24

August 31

In August

September 18

September 25

In September

Thefirm ofM. Connell and Associates completed Phase

I design for modification of the service structure at

Launch Complex 34 (LC-34), NASA Kennedy Space
Center (KSC).

MSFC representatives visited FoodMachinery Corpora-

tion, San Jose, California, to accept two cargo lift

trailers foruse inloading aircraft at NASA's Manned

Spacecraft Center.

MSFC notified stage contractors that SA-201 and 202

wouldbe "lob" missions to test reentry of the Apollo

spacecraft heat shield.

Saturn IB stage contractors, MSFC, and NASA Head '_

quarters reviewed the status of the Saturn IB program.

The review revealed S-IVB stage development to be

the pacing item in the Saturn IB program.

DAC rearranged test objectives among S-IVB test stages

and concentrated upon management improvement in

aneffortto overcome delays in the S-IVB stage pro-

gram.

Segments of the instrument unit (IU) structure, rede-

signed because of increased vehicle loads, under-

went maximum loads testing.

MSFC completed contract negotiations with Bendix Cor-

poration for 26 additional ST-124M stabilized plat-

form systems to be used in the Saturn IB/V IU's.

DAC conducted the first S-IVB battleship cryogenic load-

ing with liquid nitrogen and liquid hydrogen (LH2).

DAC successfully completed cryogenic loading of the S-

l_TB battleship with liquid oxygen (LOX) and LH 2.

CCSD began assembly operations for S-IB-2.

MSFC received DAC's contract proposal for production

of eight S-IVB/IB stages and a set of ground support

equipment.
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In September

October 15

October 23

October 24

October 28

In October

DACcompleteddefinition of the S-IVB operational te-
lemetry system.

MSFCcompleteddesignfor modification of the Dynamic
Test Standto supportthe Saturn IB dynamic test pro-
gram.

DAC activated the Gamma Complex with initiation of
Phase I APS testing.

Activation of the Beta 1 stand at Sacramentooccurred
with cryogenic loading of the S-IVB battleship test
stage.

Negotiationsendedwith IBM concerningthe _copeofwork
tobe included in the IU lead contract. This contract
covered integration of all IU systems and assembly
and checkoutof the flight units for the Saturn IB and
SaturnV programs.

Construction of the new Engineering and Office building
at Michoud Operations was completed.

HayesInternational Corporation, contractor for IUpneu-
matic GSE, delivered the prototype consoleand test
set.

Problems with LOX and LH2prevalves prevented first
ignition firing of the S-IVB battleship.

DACcompletedcheckoutof the S-IVB dynamic test stage
(S-IVB-D).

MSFC authorized DAC to proceed with design of S-IVB-

203 fora prolonged near zero "g" LH 2 orbital experi-

ment.

DAC finalized contract action with Thiokol Corporation

for 48 TX-280 motors and spares for S-IVB ullage

rocket systems.
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In October

November 2

MSFC authorized DAC to proceed with buildup of per-

sonnel at KSC to assist in the required testing and

checkout of the S-IVB stage in the low bay area.

MSFC released all the documentation for redesign of the

IU fromthe Saturn I configuration to the Saturn IB/V

configuration.

Hayes International Corporation completed design of the

Saturn IB/V IU shipping container.

CCSD activated Checkout Station No. 2 at Michoud Op-

erations. The facility will be used to check out S-IB

stages after assembly and prior to shipment to KSC
for launch.

November 9

November 17

November 30

In November

Saucer Marine Ways, New Orleans, Louisiana, com-

pleted modifications of the Palaemon barge.

MSFC and IBM began cost negotiations for the IU lead

contract.

MSFC released the IU assembly documentation including

detail and subassemblies for the first flight unit (S-

iu-2ot).

MSFC delivered the first IU test unit (S-IU-200V) to

Wyle Laboratories in Huntsville for vibrational tests.

IBM opened a resident management office at its

Huntsville site to facilitate management of the Saturn
IB IU contract.

The first redesigned segments of the Fd strack_re arrived

at MSFC from General Dynamics/Fort Worth. They

will be assembled to form the structure for the IU

dynamic test unit.

The prototype preflight IU heat exchanger completed its

acceptance test.

On completion of the S-I stage static test program MSFC

began modification of the static test stand to support

the Saturn IB static test program.
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In November

December 1

December 3

December 8

December 9

December 14

December 15

December 21

December 22

December 23

174

MSFC began modification of the Saturn I Dynamic Test

Stand to support Saturn IB dynamic testing.

The first mainstage shakedown firing of the S-IVB bat-

tleship stage had an engine sequence time of ten sec-

onds.

KSC completed criteria for modification of the service

structure at LC-37, and M. Connell and Associates

began designs for the modification.

DAC presented to MSFC the results of a study defining

a retro system for de-orbiting the Saturn IB/S-IVB

from earth orbit to ocean impact areas.

DAC loaded the S-IVB-D stage aboard the States Marine

ShipAloha State at Seal Beach, California, for ship-
ment to New Orleans via the Panama Canal route.

The second mainstage firing of the S-IVB battleship test

stage lasted 50.5 seconds.

M. Connell and Associates completed design for the sec-

ond phase of modification for the LC-34 service

structure.

A dummy Apollo payload adapter arrived at MSFC. It
will be used in structural test of the IU.

A successful 150-second mainstage shakedown firing of

the S-IVB battleship stage ended the shakedown static

firing series.

The Aloha State with its cargo--the S-IVB-D--arrived

at NewOrleans. The S-IVB-D was transferred to the

Promise_ a river barge, for the remainder of its

trip to MSFC.

Following completion of modification and checkout of the

S-IB-D/F, CCSD shipped the stage to MSFC for use

in dynamic tests of the Saturn IB vehicle.

The S-IVB battleship stage successfully completed the

initial full-duration (414.7-second) static firing.



In December NASA directed DAC to proceed with a follow-on study

defining a retro system for de-orbiting the Saturn

V/S-IVB stage with oceans as impact areas. Em-

phasis would be on a system common to the Saturn IB
and Saturn V.

DAC moved the S-IVB facilities checkout stage to As-

sembly Tower No. 2 and assembled the forward skirt,

aft skirt, and thrust structure to the tank section.

DAC completed assembly of the forward skirt, aft skirt,

and thrust structure for the second S-IVB flight stage

(S-IVB-202).

MSFC modified DAC's S-IVB contract to provide APS

pneumatic equipment to the Saturn IB and Saturn V

launch complexes at KSC.

MSFC completed manufacture of a mockup of the IU for

use as a development fixture.

MSFC awarded Atomics International a contract for

manufacture of cold plates for the IU vibrational test

unit and for the flight units.

MSFC personnel completed design of the biconic nose-

cone required for the SA-203 LH_ orbital experiment.

The double-angle nosecone will be used in lieu of the

Apollo spacecraft.
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APPENDIX C" SATURNV CHRONOLOGY

July 13

July t 8

July 27

July 31

In July

August i

August 4

August 12

July- December 1964

The U. S. Army Corps of Engineers, as agentforNASA,

awarded the $17.2 million contract for construction

of Position 2, S-IC Test Stand, at Mississippi Test

Operations (MTO), to Koppers Company, Inc.

Completed by a contractor at MTO was the Railroad and
Classification Yard.

MSFC conducted final inspection of the Components and

Subassembly Acceptance Building, on which con-

struction ended July 15.

Construction ended on the MTO Cryogenics Dock, Canal

Extension, and Deluge Intake Structure.

Military Sea Transport Service (MSTS) completed the

modification design for the USNS Point Barrow.

MSFC awarded Rocketdyne Division of North American

Aviation, Inc. (NAA), a $3.6 million contract modi-

fication covering J-2 engine production equipment.

MSFC modified the Boeing Company's S-IC stage con-

tract to provide about $16 million in automated ground

test and checkout equipment for static firings at MSFC
and MTO.

Construction, except for minor tasks, ended on the Load

Test Annex at MSFC.

The S-IC test fuel tank, first structural test component

in the Saturn V booster program, underwent hydro-

static testing at MSFC.

MSFC awarded to Radio Corporation of America (RCA)

a $27 million contract for purchase of 19 RCA tl0A

ground computer systems.
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August 15

August 24

August 25

August 31

In August

September 1

September 8

September l0

Septem__ber 21

MSFC awarded a $2 million contract for construction of

an extension to the Load Test Annex at Huntsville.

NASA announced that it would purchase t02 additional

J-2 engines for Saturn IB and Saturn V vehicles, at

an approximate cost of $165 million.

MSFC distributed the Saturn Stage Transportation Plan.

NASA awarded the $265, 000 contract for conversion of

YFNB No. 20 to the West Coast Barge.

NAA's Space and Information Systems Division (S&ID),

prime contractor for the S-H stage, accepted from

AmericanMachine and Foundry Company (AMF) the

Type I S-H stage transporter.

Configuration design of S-II-F and S-II-D stages in the

S-II stage development program was "frozen."

The F-1 Engine Test Stand contractor completed con-

struction of the facility at Huntsville.

MSFC notified a contractor to proceed with installation

of technical systems of the Saturn V Ground Support

Equipment (GSE) Test Facility at the Center.

MSFC Instrument Laboratory construction ended.

A contractor started installation of equipment and in-

strumentation on the J-2/S-IVB Test Facility at

MSFC.

Hayes International Corporation received the $1 1.4 mil-

lion contract covering fabrication of Saturn V service

arms and related equipment for Launch Complex 39

(LC-39) at NASA Kennedy Space Center (KSC).

At KSC L_.eCo_s of Engineers, 5L_'s construction

agent, awarded to the combined firms of Morrison-

Knudsen Company, Inc., Perini Corporation, and

Paul Hardeman Construction Company the $1i.4 mil-

lion contract for construction of the LC-39 Mobile

Service Structure.
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September30

October 9

October 19

October 28

In October

November 2

November 3

November 9

Major construction endedon the SaturnV Dynamic Test
Facility at MSFC.

MSFC accepted delivery of S-IC transporter No. 102,
the first built under contract.

Activation of NASA' s $34 million F-1 engine acceptance

test complex occurred at Edwards Air Force Base,

California. MSFC officials witnessed a readiness

firing demonstration on the three new stands.

A construction contractor started work on the project

to expand and modernize the M SFC Test Area's High-

Pressure Gas System.

The S-II-S stage's aft LOX bulkhead ruptured during

hydrostatic pressure test at S&ID's Seal Beach,

California, facility, and was damaged beyond repair.

Assembly of S-II-S (the S-II structural static test stage)

ended at Seal Beach.

Inertial loads testing of the S-IC test fuel tank began at
MSFC.

NASA twice modified the Boeing S-IC stage prime con-

tract. One modification covered components for the

stage umbilical connections and related hardware.

The other concerned the structural static load testing

program.

MSFC and Douglas Aircraft Company (DAC), the S-IVB

stage prime contractor, completed contract negotia-

tions for the MSFC simulator (S-IVB-500-ST}.

Workmenat MTO completed dredging of the East Pearl

River and lock approach channel.

S&ID performed a single-engine ignition test on the S-II

battleship at Santa Susana Field Laboratory (SSFL),
California.
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November 10

November 14

November 15

November 20

November 21

November 26

In November

December 1

December 2

December 4

Personnel conducting a load test of the 100-ton derrick

at the MSFC F-1 Engine Test Stand accidentally

dropped the 100-tonload, causing considerable dam-

age to the stand.

Construction began on the Launch Equipment Shop at
KSC's LC-39.

Work ended on the Saturn V Systems Development B read-

board Facility (SDBF).

Construction ended on the Saturn V Barge Dockand

Loading Facility at MSFC.

MSFC's Manufacturing Engineering (ME) Laboratory

completed welding of the S-IC-S fuel tank.

S&ID conducted a transition firing test on the S-H battle-

ship.

The first mainstage firing of the single-engine S-H bat-

tleship at SSFL ended after 2.8 seconds.

The support contractor completed the Saturn V Systems

Development Breadboard Facility (SDBF) develop-

ment plan and submitted it to MSFC for approval.

Rocketdyne performed J-2 engine preliminary flight

rating tests (PFRT) at SSFL.

MSFC awarded a contract for installation of activation

hardware on the Center's S-IC Static Test Stand.

The S-IC-S fuel tank underwent hydrostatic testing at

IVl i_ l4 ql,_.

S-H stage electro-mechanical moclmp (EMM) personnel

performed the first environmental engine gimbal op-

erati0n at Downey, California.

The $8 million construction contract for S-II Test Stand

A-I at MTO went to Koppers Company.
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December 10

December I l

December 12

December 15

December 18

December 23

December 24

In December

MSFC awarded a contract for an extension to the Com-

ponents Test Facility instrumentation.

S&ID achieved a 10-second full-thrust firing of the S-II

battleship. This major milestone completed the

single-engine test program for the stage.

NASA approved a $7.4 million contract for purchase of

seven Saturn V operational display systems from

Sanders Associates, Inc.

The J-2 engine demonstrated its restart capability, a

significant milestone in the engine development pro-

gram.

Derrick load tests started on the MSFC J-2/S-IVB Test

Facility as construction neared an end.

The Corps of Engineers notified the firm of G. A. Fuller

to proceed with construction of Pad B and Crawlerway

at LC-39. The $19 million contract for the second

Saturn V launch pad had been awarded to Fuller on

November 30.

Construction of the Vertical Assembly Facility at MSFC's

Michoud Operations ended.

MSFC personnel joined the LOX and fuel tanks of S-IC-T

( static firing stage) to the intertank in the Vertical

Assembly Facility.

MSFC placedthe S-IC simulator in the Static Test Stand

to check out stage handling procedures, equipment,
and clearances.

NASA awarded Boeingan $89.9 million contract modifi-

cation calling for Saturn V vehicle systems engineer-

ing and integration support.

Rocketdyne completed the F-1 engine flight rating tests

(FRT).
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In December S&ID completed fabrication of the first S-II stage com-

mon bulkhead, a major accomplishment.

MTO construction contract awards included: warehouse

additions and site work, to Fullerton Construction

Company for $1.6 million; roads, parking areas, and

scale, Components Service Facility, and site work,

to Hyde Construction Company and Thornton Con-

struction Company for $1.7 million; and Mobile Equip-

ment Maintenance Building, to Carpenter Brothers

for $1.1 million.
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contractor, Storage Compound Hydrogen Spares
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contractor, launch complexes, KSC, 92

Aloha State (barge) 4, 74, 99

American Machine and Faundry Co.

contractor, Launch Complex 34, KSC, 92
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Apollo spacecraft

BP-9, 43, 44, 51

BP-16, 43, 51

BP-16, modification for Pegasus A, 34

BP-26, 43, 44, 51

boilerplatemodification, 43, 44

command module, 25

description of, 43, 109
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heat shield, reentry test, 66

launch escape system (LES), 25, t07

logistic support, 107

lunar excursion module (LEM), 107

lunar orbital mission, 107

service module, 25, t07

shipment to KSC, 43, 51
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Saturn V lunar exploration systems, study, 161
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Earth-orbital operations, study, 162
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S-I-10 stage effort, 38, 39
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S-IB effort, 56
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S-IVB stage contractor, 121, 122

auxiliary propulsion system (APS), 68, 72,
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S-IVB structural tests, l, 72

S-IVB-201, 5, 6, 76, 78
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(See engines by name)
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Pegasus contractor, 43
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( See also Rocketdyne )

contrac_r facilities, 153

development, problems of 129

flight rating tests, 6, 129, 132

funding, 163
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on S-IC-T stage, 132

production engines, delivery of, 132

testing, 129, 131

test stand, 1
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Saturn V planetary studies, 162
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Pegasus, contractor, 34

Saturn V planetary studies, 162
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Hardeman, Paul, Construction Co., 91, 159
Hayes International Corporation, 48, 127, 159
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Saturn IB/V Instrument Unit shipping container, 97

H-I engine
contractor, 23
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S-I-7 stage, 25, 26, 28, 30
S-IV-7 stage, 28, 30
Saturn IB developmentprogram, 59
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(SeeMarshall SpaceFlight Center)
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(See Kennedy Space Center)
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flight rating test (FRT) program, 135

fuel turbopump, 132

funding, 163

gas generator, 132, 135

J-2006, delivery, 74

preliminary flight rating tests (PFRT), 3, 6, 135

production engines, delivery, 135

propellant utilization (PU) valve, 132, 135
restart capability, 3

S-H battleship static firing, 114
thrust, 129

Kennamer Construction Co., 89

Kennedy, F. A. Inc.

contractor, LC-37, KSC, 92

Kennedy Space Center (KSC), 23
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Saturn IB, 87, 91, 92, 96

Saturn V, 153-159

launch complexes

LC-34, 91, 92
LC-34

LC-34

LC-34

LC-34

LC-37

LC-37

LC-37

LC-37

LC-37

LC-37

Emergency Egress-Ingress system, 92

High Pressure Hydrogen Facility, 92

Pneumatic and Electrical Distribution system, 92

Service Structure, 92

3, 25, 91, 92

hoist modification, 92

Man Lift Belt, 92

Se_:ice S_t__:_cb]re, 92

Storage Compound Hydrogen

Spares Building, 92

water pump station, 92
LC-39, 153-159

LC-39 Arming Tower, 155
LC-39

LC-39

LC-39

LC-39

LC-39

Crawler-Transporter, 15_ 159

Launch Control Center, 153, 155

Launch/Umbilical Tower, 155

mobile launchers, 155, 159

Mobile Service Structure, 155, 159
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LC-39 Pad A and Crawlerway, 153, 155

LC-39 Pad B and Crawlerway, t53, 155

LC-39 Vertical Assembly Building (VAB),

Merritt Island Launch Area (MILA), 153-159

Pegasus, shipment to, 34

SA-9 launch SUDport, 34

Launch Information Exchange Facility (LIEF), 8

Ling-Temco-Vought, 59
Lockheed Missiles and Space Co.

Saturn IB study program, 102
Saturn V launch vehicle studies, 160

153, 155

Manned Flight Awareness Program, i0

Marshall Space Flight Center (MSFC)

Advanced Studies Office, 160

Apollo boilerplate BP-9 adaptation, 43

Apollo boilerplate modification, 43, 44

Configuration Control Board, 7

Cost Reduction and Value Engineering (CRAVE) Office, 8

Experiments Coordination Office, 7

Experiments Review Board, 7
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Acoustic Model Test Facility, 139

Astrionics Laboratory, 47, 123, 126

Building 4202, ii

Building 4207, i0

Building 4610, 3, ii

Building 4663, 11

Centrex, 4, i0

Components Test Facility, 139

Federal Telecommunications System (FTS), 4, i0

F-I Engine Test Stand, i, 136

Hazardous Operations Laboratory, 141, 144

Instrument Laboratory, 139

J-2/S-IVB Test Facility, 139

Launch Information Exchange Facility (LIEF), 8

Manufacturing Engineering Laboratory, ii0, 112
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Propulsion and Vehicle Engineering Laboratory, 163

Quality and Reliability Assurance Laboratory, 126

road projects, 12

Saturn Systems Development Breadboard Facility, 126

Saturn Systems Development Facility (SDF), 87, 95

Saturn I Dynamic Test Stand, 3, 87

Saturn I Static Test Stand, 3

Saturn V barge dock and loading facility, 3

Saturn V Dynamic Test Facility, 2, 136

Saturn V Ground Support Equipment Test Facility, 139

S-IB H-I Engine Turbopump Facility, 89

S-IC Static Test Stand, 136

Vertical Assembly Building, 110, 112

facilities, modification for S-IB program

Cold Calibration Stand, 89

East Static Test Tower, 87

Electrical Support Equipment Facilities, 87

J-2/S-IVB Test Facility, 89

Saturn I Dynamic Test Stand, 3, 87

Saturn I Static Test Stand, 3

Saturn Systems Development Facility, 87

Future Projects Office, 162, 163

Industrial Operations, 7

Michoud Operations

(See separate entry)

Pegasus Project, 46, 47

Pegasus Project Office, 7

reorganization, management, 6

Saturn I support activity, 47, 48

SA-8 flight vehicle

S-I-8 electrical checkout, o,"_

S-I-8 poststatic modification, 37

S-IV-8 assembly and checkout, 38

S-IV-8 acceptance testing, 38

S-_,r-8 checkout and testing, 37, 38

S-IV-8 shipment to KSC, 38

SA-9 flight vehicle

S-I-9 static firing, 33

S-IU-9 checkout and shipment to KSC, 34
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SA-10 flight vehicle

S-I-10 checkout, 38

S-IU-10 component assembly, 41

S-IB electrical support equipment, 95

S-IB study program, 101, 102

S-IVB structural test stage, 72, 74

Saturn V ground support equipment, 123, 124

Saturn IB/V instrument unit development, 123

S-IC-I flight stage, 112

S-IC stage, development program, 112

S-IC stage, responsibility, 108

S-IC-S structural test stage, 1t0

S-IVB stage effort, t21, 122

support contractors, 6

Martin/Baltimore

Post-Saturn Launch Vehicle Study, 161

Martin/Denver

Saturn V launch vehicle studies, 160

Saturn V planetary studies, 162

McDowell-Wellman Engineering Co., 92

Meteoroid Measurement Project

(See Pegasus)

Michoud Operations

facilities, 135, 144,145

Component Warehouse, 89

Engineering and Office Building, 12, 47, 89, 144

Hazardous Storage Building, 89

Hydrostatic Test and Cleaning Facility, 144

S-IC Stage Test and Checkout Facility, 144

Vehicle Component Supply Building, 144

Vertical Assembly Facility, 3, 110, 144

Saturn I support activity, 47

S-I-10 stage, arrival, 39

S-IC stage responsibility, 108

dynamic test stage S-IC-D, 110

facilities checkout stage S-IC-F, 110

flight stage S-IC-3, assembly, 112

static firing stage S-IC-T, 112

structural test stage S-IC-S, 110
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Mississippi Test Operations (MTO)
facilities

acceptancetest site, 146

S-IC Test Stand, 12

support facilities, 146, 149

test facilities, 146

test positions, 146

utilities, 146, 149

waterway and docking facilities,

MOLAB (See Saturn V Studies)

Morrison-Knudsen Co., 159

146,149

NASA Office of Manned Space Flight (OMSF), 107
North American Aviation (NAA)

contractor, boilerplate Apollo spacecraft, 43

contractor, Saturn IB instrument structure, 81

contractor, Saturn V instrument structure, 81

Rocketdyne Division (See separate entry)

Space and Information Systems Division (S&ID)

all-systems stage S-H-T, 1!6

Apollo spacecraft effort, 43, 51

common bulkhead test tank (CBTT), 1t8, 120

dynamic test stage S-H-D, 118

facilities checkout stage S-H-F, 116, 120

flight stage S-H-I, 120

structural static test stage S-H-S, i16

S-H battleship testing, 114, 116

S-H electro-mechanical mockup (EMM), 116,120

S-II stage contractor, 114

S-H stage study, 160

S-II-1 subassemblies, 120

O'Conner, Colonel Edmund F. 3

Pacific Crane and Rigging Co. 159

(barge), 39, 48, 97

Patterson, Heyland Co., 92

Pegasus Project, 1, 2, 41

BP-9 adaptation, 43

BP-16, modification for Pegasus A, 34

contractor, 34, 46

(See also General Electric and Fairchild Hiller)
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Pegasus Project
delivery schedule, 47
description of, 44
developmentprogram, 32, 46, 52
PegasusA, 4, 5, 32, 34, 48
PegasusA, checkout, 34
PegasusA, developmentprogram, 32
PegasusA, first air shipment, 48
PegasusA, shipment to KSC, 34

Perini Corporation, 159
Post-Saturn studies, 161

(Seealso Saturn studies)
Pratt & Whitney Aircraft

RL-10 engine, 23
Pregnant Guppy (aircraft), 34, 43, 97, 99

first air shipment, PegasusA, 48
Promise (barge), 4, 34, 48, 74, 97, 99

Radio Corporation of America (RCA)

ii0 A computer system, 124

RLi0-A engines

SA-7 flight,28

Rocket Engine Test Site

(See Edwards Air Force Base)

Rocketdyne, a Division of North American Aviation, 3, 23, 153

F-I engine effort,129-132

F-I engine testing, 4, 6

H- i engine, 23

H-I engine, replacement of LOX dome, 33

H-I engine, Saturn IB development program, 59

J-2 engine effort,132 , 133

J-2 engine, J-2006, delivery, 74

J-2 engine testing, 3, 6

(See also North American Aviation)

Sacramento Field Test Station (SACTO), 33, 39, 73, 76,

Beta Complex, 89, 91, 94

Gamma Complex, 89, 91, 94

Maintenance and Assembly Building, 91

Vehicle Checkout Laboratory, 89, 91

(See also Douglas Aircraft Co. )

Sanders Associates, Inc., 124

89, 91, 94
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SantaMonica, California, 72, 76, 78, 80, 89
(Seealso Douglas Aircraft Co. )

SantaSusana, California, 3, 114
Saucer Marine Ways, Co., 48
Saturn program (SeeSaturn I, Saturn IB, and

Saturn V by program and vehicle)
Saturn I program

completion of, 5
flight test record, 23
funding, 51
Michoud support operations, 47
MSFC support operations, 47, 48
summary of, 51
transportation, 47, 48

Saturn I vehicle
payload, 41
Pegasuscapsule, 41
SA-7 flight vehicle

ASC-15computer, 30
boilerplate Apollo spacecraft, 5, 23, 25
camera coverage, 30
commandmodule, 25
countdowndemonstration test ( CDT), 26
data transmission, 30
electrical mating, 26
final checkout, 26, 27
first operational flight, 25
flight of, 23, 25, 28-30
ground support equipment, 28
H-1 engines, 25, 26, 28,-30

Hurricane Cleo, 26

Hurricane Gladys, 27, 30

Instrument Unit, 5, 25, 30

launch, 2, 5, 28

launch countdown, 27, 28

launch escape system, 5, 23, 25, 30

LOX dome, 25, 26

LOX fill and drain mast 26

mission, 2, 23, 25

nonpropulsive vent (NPV) system, 25, 26, 28, 30

orbit, 30

prelaunch checkout, 25, 26
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Saturn I vehicle
SA-7 flight vehicle

propellant utilization (PU) probe, 27
RL-10 engine, 28
service module, 25
S-I-7 stage, 25, 27
S-I-7 stage, flight performance, 28
S-IV-7 stage, 5, 25, 26, 27, 30
S-IV-7 stage, flight performance, 28
ST-124 guidance system, 5

SA-8 flight vehicle

launch schedule, 2

payload, 41

S-I-8 stage, contractor effort, 37

S-I-8 electrical checkout, 37

S-I-8 poststatic modification, 37

S-IV-8 stage, contractor effort, 37, 38

S-IV-8 acceptance testing, 3, 38

S-IV-8 checkout and testing, 37, 38

S-IV-8 shipment to KSC, 38

S-IU-8 assembly and checkout, 38

S-IU-8 shipment to KSC, 38

SA-9 flight vehicle

electrical mating, 34

launch, reschedule, 32

payload, 41

stage, erection, 3, 34

S-I-9 poststatic checkout, interruption, 33

S-I-9 shipment to KSC, 33, 34

S-I-9 static firing, 33

S-IV-9 component installation, 34

S-IV-9 prestatic checkout and modification, 33

S-IV-9 shipment to KSC, 33, 34

S-IU-9 checkout and shipment to KSC, 34

SA- 10 flight vehicle

launch schedule, 2

payload, 41

S-I-10 stage, contractor effort, 38, 39

S-I-10 acceptance firing, 2

S-I-10 arrival at Michoud, 39

S-I-10 arrival at MSFC, 38

S-I-10 checkout, 38

210



Saturn I vehicle

SA-10 flight vehicle

S-I-10 LOX loading test, 38, 39

S-I- 10 prestatie checkout, 38

S-I-10 static firing, 20, 39

S-IV-t0 stage, contractor effort, 39, 41

S-IV-t0 checkout program, 39, 41

S-IU-10 component assembly, 41

Saturn IB program
facilities

contractor (See by location)

lYIichoud (See Michoud Operation, facilities)

MSFC (See MSFC, facilities)

funding, 105, 106

studies, 100-105

advanced payloads, 103-105

payload capability, 100-102

propellant, 101-102

Saturn IB/Agena D, 102

Saturn IB/Centaur, 102-103

Saturn IB/Minuteman, 100

Saturn IB Service Module, 102

study effort, contractors

Chrysler Corporation Space Division (CCSD),

Douglas Aircraft Co., 101

General Dynamics/Astronautics, 103

Lockheed Missiles and Space Co., 102

study effort, MSFC, 101, 102

summary of, 106

support equipment, 92-97

automatic checkout, 94

electrical support, 94

Huntington Beach, 94
IBM checkout station, 94

launch GSE, 94-96

Sacramento Test Site, 94

transportation, 97- 99
Saturn IB vehicle

checkout, automation of, 94

description of, 53

dynamic testing, 3

electrical support equipment, 94

100, 101
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Saturn IB vehicle

flightmissionsof, 53, 56

flight vehicles

SA-201, fabrication of, 53

SA-201, lob missions, 1

S-IVB-201,

S-IVB-201,

SA-202, lob

S-IVB-202,

S-IVB-203,

S-IVB-203,

S-IVB-203,

5, 64, 66, 76, 78

acceptance test program, 76

missions, 1

66, 78

3, 78

LH 2 orbital experiment, 66

redesign of, 66, 68

S-IVB-204, 80

ground support equipment, 94, 95, 96
Instrument Unit

cold plate panel testing, 83

component testing, 83

contract, component development, 81, 83

description of, 81

design activity, 81-84

development, responsibility, 81

dynamic test unit, S-IU-200/500D, 85

engineering activity, 81-84

facilities checkout unit, S-IU-500F; 85

ground test units, 84-87

launch support equipment, 96

lead contractor, 81

(See also IBM)

mockup, 84

prototype component testing, 83

prototype instrumentation measuring racks, 83

redesign of, 83-85
Saturn IB/V Instrument Unit, 3

S-IU-201, 94

ST-124M stabilized platform system, 81

switch selector units, modification, 83

test unit, S-IU-200/500S, 85

test unit, vibrational, S-IU-2OOV, 85

test units, structural segments, 84, 85

launch support euqipment, 94-96

study programs, 56
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Saturn IB vehicle

S-IB stage

contract modification, 56

contractor, prime, 56

description of, 53, 56

design modifications, 57

ducting system, redesign, 57

dynamic test stage S-IB-D/F, 59

engineering modifications, 57

flight stages, fabrication of, 59, 62

S-IB-I, assembly and progress, 62

S-IB-I, completion of, 5

S-IB-2, assembly and progress, 2, 62

S-IB-3, assembly and progress, 62

S-IB-4, component fabrication, 62

ground test program, 59

H-1 engine development program, 59

(See also H-1 engines}

200K engine, modification, 59

LOX venting system, 57

S-IVB stage

all-systems stage, 74

auxiliary propulsion system (APS), 68, 72, 89

battleship test stage, 73, 74

static firing, 4, 5, 68

testing, 91

tests, 91

Beta 3 test program, 76

contract, 64

contractor, prime, 64

description of, 62

dynamic test stage S-IVB-D, delivery of

J-2006 engine, 74

shipment of, 4

test versions, 5

facilities checkout stage 500-F, 74, 76

flight stages

S-IVB-201, 64, 76, 78

S-IVB-201, acceptance test program, 76

S-IVB-201, Apollo heat shield reentry test, 66

S-IVB-202, 78
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Saturn IB vehicle
S-IVB stage

flight stages
S-IVB-202, Apollo heat shield reentry test, 66
S-IVB-203, 78
S-IVB-203, LH2orbital experiment, 66
S-IVB-203, redesign of, 66, 68
S-IVB-204, 80

ground test stages, 72
research and development, 62-80
retro rocket system, 65
structural test stage, 1, 72, 74
telemetry system, 65
transportation of, 99
TX-280 motors, 65
ullage rocket system, 65

Saturn V program
facilities

contractor, 152, 153
(Seealso separate entries)

KennedySpaceCenter, 153-159
(Seealso KSC)

MichoudOperations, 135, 144,145
(Seealso Michoud)

Mississippi Test Operations, 146-149

(See also MTO)

MSFC, 135-144

(See also MSFC)

Slidell, Louisiana

Control Computer Facility, 146

funding, 163

Instrument Unit, 122, 123

contractor for, 123

(See also IBM)

lunar orbital mission (LOR), i07

management, responsibility, 107

primary mission, I07

secondary mission, 107

studies, 159-163

advanced propulsion, 163

Advanced Studies Office, 160

contractor effort, 160, 161, 162
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Saturn V program
s_tdies

contracts awarded, 159

earth-orbital, 162

Future Projects Office, 162, 163

launch vehicle, 160, 161

lunar, 161

planetary systems, 162

Propulsion and Vehicle Engineering Laboratory,

summary of, 163, 164

vehicle research and development, 107

Saturn V vehicle

barge dock and loading facility, 3

description of, 107

development firing, 73

Dynamic Test Facility, 2

electrical support equipment, 124

engine research and development, 129-135

flight program, 107

funding, 163

ground support equipment, 123, 124
Instrument Unit, 80, 122,123

description of, 122

development, 123

ground test units, 123

lead contractor, 123 (See also IBM)

mockup, 123

research and development, 123

(See also Saturn IB)

structures, contractor, 81

lunar orbital mission (LOR), 107

payload, 107

primary mission, 107

RCA I10A ground computer, 124

research and development, 107

secondary mission, 107

S-IC-T, 5

S-IC Test Stand, I

S-If battleship, 114

mainstage firing, 3

static firing, 3

thrust firing, 3

163

215



Saturn V vehicle
S-II-S hydrostatic testing, 2
systems developmentbreadboard facility

(SDBF), 126
transportation for, 126-128
S-IC (first or booster)stage

contract modifications, i08
contractor facilities, 152
contractor, responsibility, 108
description of, 108
dynamic test stage S-IC-D, li0
facilities checkout stageS-IC-F, li0
flight stages, 108
funding, 163
ground test stages, 108, II0
inertial load testing, Ii0
mission, 108
MSFC, responsibility, 108
simulator, 126, 127
static firing stage S-IC-T, i12
structural test stage, S-IC-S, ii0
structural testing, 108, Ii0
S-IC stagedevelopmentprogram, 112
S-IC stage, assembly, 112
S-IC-3 stage, assembly, 112
test fuel tank, hydrostatic testing, 108
transporters for, 126

S-II (second)stage
common bulkheadtest tank (CBTT), i18
contract modifieation, l 14
contract schedule, i14
contractor, prime, 114
contractor facilities, 152
description of, i14
developmentphase, i14
electromechanical mockup (EMM), 116,120
engine cluster firing, if6
flight stageS-H-l, 120
funding, 163
mainstage firing, 114
mission, ii4
qualification test phase, 114

2*
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Saturn V vehicle

S-II ( second)stage

S-H battleship, 114, 116

S-H- 1 subassemblies, 120

S-II-D dynamic test stage, 118

S-II-F facilities checkout stage, 116, 120

S-H-S hydrostatic testing, 2

S-II-S structural static test stage, 116

S-H-T all systems stage, 116

static firing, 114

thrust firing, 114, 11_

transportation for, 127

S-IVB (third) stage

bulkhead, 122

comparison of V/S-IVB and IB/S-IVB, 121

contract, 121

contractor, prime, 121

contractor facilities, 152

description of, 121

flight stage S-IVB-501, 122

funding, 163

ground test stages, 122

mission, 121

research and development, 122

(See also Saturn IB program)

simulator program (S-IVB-500-ST), 122

Saucer Marine Ways Co., 48

Seal Beach, California, 2, 74, 118; 128

SlideU, Louisiana

Central Computer Facility, i46

Space and Information Systems Division

(See North American Aviation)

Technology utiii_.atior,, 8

Thiokol Chemical Corporation

TX-280 motor, 65

United Aircraft Corporation

Saturn V planetary studies, i62

University of Alabama

MSFC support of, 10, tl
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Voigt Construction Co.
contractor, KSC, 92

Webb, James E., 2
Westinghouse

Saturn V lunar exploration systems, study, 161
Wismer-Becker Co., 89
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