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 USAFTITAN I
'Standard Launch Vehicle V.

Titan il is a standardized space launch system capﬁble of performing a variety

of manned and unmanned booster missions during this decade.
- The Titan Il system is based upon technology and hardware deve!oped in the

hqu:d and solid ICBM programs. It will provide the first launch vehicles to be developed -

for the Department of Defense from the outset as a space booster. Current military

space boosters all are intermediate range or intercontinental ballistic missiles with -

minimum modifications combined with upper stages developed separately.
" The Titan Il system will be marked by greater payload capability and versatility
" on the part of the booster, increased launch rate, and long-range dollar savings
achieved by simplified characteristics of the vehicle and associated launch fatilities.
In addition to the launch vehicles, the program calls for the development of

" associated aerospace ground equipment and dn integrate-transfer-launch complex ~
{ITL). The ITL concept provides for the Titan lil to be completely assembied and checked

"out in a controlled factory-like environment on its launcher; then moved intact on rails
to o simplified launch pad. This will reduce substanhully the hme-on-launch pctd and
the number of pads required.

" A part of the National Launch Vehicle Progrum, the Titan Il wﬂ[ meet reqwre— '

ments in the 5,000 to 25,000 pound payload range for relatively- low altitude orbits,
accommodating payload capabilities ranging from placing 10 tons in a 100-nuutlcal-
mile orbit to orbiting 13,000 pounds at 1,000 nautical miles. :

CONFIGURATIONS:

" Designed as a versahie launch system, Titan lll, depending upon the 1ob to be .
performed, may be used in either of two standard configurations:-(1) The Titan'lli A -

configuration consisting of a modified Titan il ‘‘core’’ with a new upper stage and
. control module mounted on top; or (2) the Titan Il C, a comple‘re Titan Il A wﬂh two
 five-segment strap-on soitd motors attached.

BUILDING BLOCKS:
Core: A liquid, storable propellant Titan i, siructurolly modlﬁed to accept a new
third stage, control module and payload. First stage thrust —~ 430,000 pounds. Second
stage thrust — 100,000 pounds,

Upper Stage: A new liquid-fueled stage called a transtage {for transfer stage)

designed to provide a multiple re-start capability to facilitate changing orbits and
achieving deep space trajectories. Thrust — 16,000 pounds.

Controf Module: Structurally a part of fhe trqnstuge, this module contains all
-control and guidance equipment for all stages.

Solid Moteors: Two five-segment, 120-inch dlameier, solid rockef motors, each
produglng over a million pounds of thrust, ‘‘strapped on'' for missions requiring addi-
tional thrust. ' :

MANAGEMENT: :

" The Space Systems Division, Air Force Systems Command, is the execuhve man-
ager for the development of the Titan {ll standardized space launch system.

Under contract to $5D, Aerospace Corporation will prowde sysferns engineering
and technical direction.

Associate Prime Contractors: Martin-Marietta Corporction — girframe, assembly, -

_ test and system integration; Aerojet General Corporation - liquid propulsion systems
for the first and second stages of the core and the transtage; United Technology Cen-
ter - 120 inch, segmented solid rocket motors; A. C. Spark Plug Division, General

Motors Corporation - inertial gmdance, Ralph M. Parsons Company - archllecturul .

_ engineering and design of ITL,
1 April 1963
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AUTHOR'S FOREWORD

This history of Titan IIT deals first with the main events ‘and
forces which resulted in the decision to develop a standardized space
launching system with a significant military value. Thereafter, for

‘reasons sometimes obscure, the course of Titan 1II development tended

to fluctuate in response to the emergence of new dimensions in the com-
plex process of defense management. The Titan III program marks a
turning point in the management of research and development. Thus this
historical study not only records the course of development but also
identifies those evolutionary changes in the institutional environment
which had a major effect on the methods by which the Air Force carries
out its mission. '

The narrative of events was based primarily on sources in the
Titan III System Program Office and in the Space Systems Division
historical office files. Basic documents supporting the text, some cited
in the footnotes, have been reproduced in two supplementary volumes;
copies are on file in the Space Systems Division historical office, the
office of the Air Force Systems Command Historian and the Air Force
Historical Division archives at the Air University. The author also drew
on Titan III information contained in files at Headquarters, Air Force
Systems Command and Headquarters, United States Air Force.

'Evefyone contacted in the Titan IIl Program Office, at systems:

‘command headquarters, and in Air Force headquarters was cooperative;

many were enthusiastic contributors. Without such aid, the historian's
task would have been impossibly difficult. The author's grateful acknowl-
edgments are also due his associates in the historical office, not only for
their close critical review of the manuscript but also for their many valu-
able suggestions during the research process. -'

And finally, for those errors and imperfections that often appear
so startlingly obvious after a manscript is published, however careful
the proofreading and final editing, the author assumes responsibility.
R.F.P.

June 1964
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AN INTRODUCTION

The Titan III program, or that much of it which had become history
by January 1964, is the concern of this monograph. It is a subject of
extraordinary significance to the future of the United States Air Force,

' and particularly to research, development, and general technology =
within that service. Through a fog of contradictions there has become
apparent a pattern which, at the time this introduction is written, seems

" to stand an excellent chance of dominating the Air Force. It deserves
more attention than it has received. The Titan III program has been
complimented for specific technical achievements which, though per-
formed with exceptional skill, probably have much less long term
signifance than certain management actions which even in retrospect
‘are indifferently appreciated. ' :

Titan III differed from contemporary programs from the conception
stage onward. The first and greatest distinction, and that which has
received least acknowledgment, was that the early proposals never

satisfied a basic requirement of Air Force policy--that no major devel-
opment. program should be undertaken unless in support of an approved
weapon system program. Even though that rule carried within itself
the seeds of technological_fr_ustra_tion,' and often seemed to be honored
more in the breach than the observance, it was a rule.. A meticulous
examination of the course of program approvals in the years 1961-1963
discloses nothing similar to Titan III. All others which received signif-
icant funding support had weaponry applications. Titan IIT did not.

A second circumstance, and one the Air Force generally tried to
ignore, was that even at the end of 1963 there still was no specific role
for the military in space, and certainly none for Titan III. The only
mission that had both coherence and logic was recénnaissance--identi-
fied at least a decade earlier and being separately handled. Some other
military mission in space was often declared, but not very convincingly.
Apart from Dyna Soar, which in ten years of trying never quite became
‘believable, there was thén no known payload for Titan IIL The Manned
Orbiting Laboratory {MOL) became a candidate in Pecember 1963.

For political and prestige reasons the National Aeronautics and Space
Administration preferred some other booster to that supported by the.
Air Force. In essence, therefore, Titan III could not demonstrate a
specific reason for being, and the mere suggestion that they might not
be needed had been enough to kill several other systems.
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A third situation, derived from the second, was that Titan III
seemed to be threatened more dangerously, and more often, than vir-
tually any other major development entrusted to the Air Force. It
competed for funds and priorities with systems which had influential
and vocal supporters both in Congress and in the press corps. But
during the period of Titan III's approval and early development several

- of these "vital" systems were resoundingly "terminated"--in the vernac-
ular of the time.¥ Included were such glamorous entries as Skybolt,
Dyna Soar, Advent, andthe nuclear poweredbomber project. In that con-
text Titan III takes on an unaccustomed aura of stability, though that
aura remained strangely invisible to most. |

Acknowledged more frequently than other program peculiarities,
perhaps because it was so prominent it could not be ignored, was the
use of Titan III as a culture medium for experiments in management.
Program definition, ausefullyambigious phrase that identified a period
of exhaustive justification and rejustification, certainly was the most

obvious experiment. Others included attempts to fix in advance the
' price of a research and development program and the effort to commit
contractors to an incentive payment philosophy. None of these notions
was in great favor with the Air Force. The adaptability of Titan III's
managers and their willingness to accept harsh reality indisputably kept
the Titan III alive and vital through a period when the inability of Skybolt
management to operate effectively under similar handicaps presaged -
the cancellation of that program. ' :

The reality of the need for Titan IIl was an article of faith for

. program personnel. But at those levels of government where budgets

" were approved and programs endorsed, faith was a singularly suspect
commodity. For a variety of reasons, policy makers in the Department
of Defense displayed little confidence in the ability of the Air Force to
select new programs or to manage them properly. Successfully coping
with that outlook certainly was one of the more remarkable of program
office achievements. :

In a unique way, the Titan III program had more than a passing
likeness to the original Atlas ballistic missile program. Folklore to
the contrary, the Atlas effort of 1954-1957 was firmly based on the
application of contemporary technology to a pressing requirement.

* System programs apparently never “"began" or "ended, " but in-
variably were "initiated" and "terminated." It is impossible to
avoid a comparison with "deceased" for "dead, " or that 16th
Century favorite, "shortened" for beheaded.
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-The Atlas was a development program, never critically dependent on
.invention. The same was true of Titan III. In the case.of Atlas, dis-
agreements over which of several possible technical solutions offered
‘the best hope for program success frequently were resolved by resort-
ing to parallel developments, money being used to buy time. " For Titan
III the same problems of choice existed, but Titan III was not a vital
element of national survival; time could be deliberately expended in an
effort to reduce costs. That process, the antithesis of ballistic missile
practice, was thoroughly frustrating to managers conditioned to the '
frantic pace of ballistic missile programs. Brigadier General J.S.
Bleymaier and the staff of the Titan III program office were--happily--
able to appreciate and to accommodate to the fact that Titan III was not
a ballistic missile and to the reality that it could not be treated as if it
were. Their greatest achievement, therefore, may well have been
. pushing stubbornly toward realistic goals by realistic means, doing
tasks often distasteful and which sometimes seemed purposeless, be-
cause they knew that unless they gained the confidence of a group that
~had notably little faith in the ability of the Air Force to manage develop-
ment, no approval would be forthcoming for Titan III.

Virtually all key decisions on Titan III were made at the level of

. assistant secretary of defensé. Data, and basic recommeéndations, were:
‘generally drawn directly from the program office. The Joint Chiefs of
Staff played no role, the Air Secretariat was chiefly an intermediary, the-
Air Staff had no real authority in program matters, and the influence of
Air Force Systems Command headquarters was limited. These were
circumstances strange and unpalata.ble to a service which thought of its
authorities and responsibilities in terms of the 1947 defense reorganization
act. By 1962, the fact that the level of decision for research and devel-
opment had shifted well upward could not be denied. Explanations and
proposed remedies were abundant, but of no concern to Titan IIl. In a

- very real sense, Titan III was the first major system to survive such
handling and to emerge sound and vigorous. That circumstance, rather
than any subsequent excellence in guiding the course of technology, was
certainly the best testimonial to the effectiveness of program manage-‘
ment in its first three years.

R. L. P.
June 1964

‘That generalization is also faulty, folklore again being wrong, in
“that the Atlas program was rigidly limited in the amount of money
it had. But in a broad sense such money as was available had to be
used to buy time by funding parallel efforts, the most promising of
which were later chosen for mcorporatlon in the basic weapon
development. :
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1961 Jan 3
Feb 23
Apr 7
Apr-May
May 1
18
25
Jun

TITAN TII

CHRONOLOGY

A preliminary report was released on the Phoenix Study,
a definitive analysis of an economical standardized high
performance space vehicle system, prepared by AFBMD
and Aerospace Corporatlon

The Air Force Deputy Chief of Staff, Development, urged

continuation of the Phoenix study. He also recommended

that the Air Force study the need for a space capability
which would cover the payload gap between Atlas-Centaur
(9,000 pounds) and the early Saturn (19,000 pounds).

NASA and DOD agreed to exchange information on space

“launch vehicle programs under consideration by both

agenc1es

. Air Force Undersecretary J. V. Charyk informed Secre-

tary E. M. Zuckert the Air Force was studying a proposal
to develop a new Titan II upper stage with a 35,000 pound
thrust fluorine-hydrazine engine capable of injecting six
to seven tons in a 300 mile orbit. :

A special ad hoc panel on large boosters, established by
) Presidential science advisor J. B. Wiesner, reviewed

available vehicles and those proposed for development.

.’_I‘he Alr Force submitted a proposal for a Naticnal Space

Program to the Secretary of Defense.

J.H. Rubel, Deputy DDRRE, proposed to the Advanced

Research Projects Agency that the Institute for Defense
Analyses define standard spacecraft and launch vehicles.

President Kennedy announced that manned exploration of
the moon was a national space goal and that NASA would
conduct the program.

AFSC submitted the Phoenix study to the Air Staff setting
forth the concept of parallel stages and building blocks to
create modular rockets adaptable to varying performance
requirements.

xi
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1961 Jul 7 = J.E. Webb, NASA Administrator, informed Secretary of
, Defense R.S. McNamara of his plan to establish a "Large
__Launch Vehicle Planning Group" {LLVPG), to review
the requirements of all agenc1es 1nvolved in space
activities. =

Aug 1 The DOD created an ad hoe committee for Standardized
o Workhorse Launch Vehicle Selection to review the merits
of a Titan II with Centaur upper stages, Titan II with a '
fluorine-hydrazine upper stage, and a Phoenix A launch
vehicle system

. 18  The Standardized Workhorse Launch Vehicle Committee -
© recommended that Atlas-Centaur be used through 1965,
that Titan II with strap-on solid rockets and a high-
enérgy upper stage be used after 1965 and that Saturn
C-1 be used for early Dyna Soar ﬂ1ghts

Sep . 15 ' J.H. Rubel requested that AFSC prepare a special study
' of the Titan II strap-on solid booster concept

Oct 5 S5D forwarded to command headquarters a study report
of the Titan II with strap-on solid boosters--named the
Titan III.

11 J.H ‘Rubel was impressed with the Air Force plan to
~_ develop Titan III and agreed to recommend that the plan
be approved by the DOD and NASA,

13-  The DOD authorized the Air Force to take initial steps
' leading to accelerated development of Titan IIl.

17-18  Air Force headquarters forwarded to the DOD fund re- .

' quirements for dévelopment of Titan III. It was esti-
mated $12:58 million would support Phase I definition
studies to be completed by February 1962,

20 Air Force headquarters 1nstructed AFSC to undertake
"expedited" actions to begin Phase I o:E the Titan III program.

Nov Golovin Committee ({LLVPGQG) recommended immediate
' deveélopment of Titan III based on its prospects as the
most satisfactory vehicle yet proposed to meet the nation's .
post 1963 requlrements

xii




1961 Nox}

Dec

1962 Jan

Feb-Mar
Mar
Apr

17

18

11

23 -

17

19

SSD appointed its first Titan Il source selection board
for procurement of solid propellant motors.

Assistant SAF (R&D) B. McMillan advised Secretary
E. M. Zuckert that Titan III development would also
serve as a project for demonstrating cost reduction,
organizational and management innovations. '

Secretariat and administrator level representatives from

the DOD, NASA and Air Force agreed to reconvene the
Golovin Committee {LLVPG) to consider the implications

. of Titan III development.

DDR&E approved the start of Phase I of the Titan III
program "subject to the availability of funds. "

Among other recommendations the i-eco_nvened Golovin
Committee advised use of Titan II for Mercury Mark II

(later Gemini) rendezvous missions and reliance on
Titan III after 1965.

SSD received $2 million of the $12.58 million necessary
to support Titan III through Phase L

DDRAE released an additional $6.5 million to the Titan III
program--received at SSD on 15 January 1962.

. Assistant SAF (Mat) J.S. Imirie advised DDR&E that

continued Titan III funding difficulties had caus ed delay
in completion of Phase I until 30 April 1962.

SSD awarded Phase I study contr‘aéts to Martin Marietta,
Aerojet-General and Aerospace Corporations.

Undersecretary J. V. Charyk and J. H. Rubel, deputy
DDR&E, approved preliminary Titan III design, elimina-
tion of Agena "D" upper stage and development of a new
transtage, and further study of Centaur as the Titan IiI
upper stage. They also requested Air Force preparation
of a "white paper" which would report the philosophy and
technical approach applied in the Titan III program.

DDR&FE established a technical group' under the Institute

for Defense Analyses to furnish an independent appraisal
of Titan III's Phase I accomplishments.
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1962 Apr T

 May 3

16

14

28

13

19

20

i6 -

A Titan IT1 SOu:ée. selection board"r recommended United
Technology Corporation as developer of solid fuel boosters.

-FOrmal'Completion-of Phase I and presenta‘.tion"of-the

Titan III Proposed System Package Plan to the Systems
Review Board. The plan called for Titan II core, two

 strap-on solid motors, 17 test flights, "ITL" facilities

at both the Atlantic and Pacific Missile Ranges and.
"Blue Suit" capability at both ranges for a total develop-
ment cost of $1.113 billion.

The Institute for Defense Analyses {Brady Committee)
forwarded a generally favorable Titan IIl review report
to DDR&E. ; :

Titan III Proposed System Package Plan forwarded to
DDR&E. o ‘ :

J.H. Rubel directed the Air Force to supplement the

Titan III proposed plan by additional technical information
and reasons supporting the requirement for "ITL" launch =
complexes at both the Atlantic and Pacific missile ranges.

Date of an Air F-o_rce - DDR&E meeting which marked
the introduction of several significant changes in the
proposed Titan 1II system.

DDR&E directed the Air Force to include five specific
items in the Titan III program change proposal. :

'I'he.Air‘ Force and DDR&E agreed on the scope and
details of Titan III program changes.

The Secretary of the Air Force signed the formal Titan

III Program Change Propos al.

As recommended by DDR&E the Secretary of Defense
approved full scale development of the Titan III stand-
ardized launch vehicle system with certain innovations:

 limit on engineering changes, use of incentive contracts

and improved management techniques.

The DOD announced selection of Martin Marietta Corpora-
tion as systems integration contractor for Titan II and
that development-production contract hegotiations were
underway with United Technology Corporation and Aerojet-

"General Corporation. It was also announced that approval

had been given to use of a modified Titan II AC Spark
Plug guidance system in the Titan Iil booster.




1962 Sep 4

: Oc_’c

Nov

Dec

1963 Jan

1_1'

15

27

15

15

19

27

19

23

An additional $15 million, allocated to the Titan III

program, was received by SSD. In accordance with
plan, it was anticipated the money would be used to
support limited preliminary Phase I actions.

DDR&E denied an Air Force request for an additional

- $17.9 million to carry Titan III into Phase Il activity

prior to final approval of definitized contracts.

SSD was granted authority to award a contract to AC
Spark Plug Division of General Motors for Titan IIL
Phase I guidance study. '

SSD proposed a plan which would permit termination of
Phase I contracts on 31 October and an orderly transi-
tion to Phase II development by 1 December 1962.

Air Force headquarters issued a System Program Direc-

.tive for the Titan IIT Space Booster.

SSD published the Titan III System Package Program.

Alr Force headquarters 1ssued Spec1f1c: Operational :
Requirement 201, for the Titan III Space Launching System.

DDR&E released $100 million to partially fund Titan III
development through fiscal 1963.

Beginning of Titan III, Phase II, system hardware
development. ' _ '

Secretary of Defense R.S. McNamara directed the Air
Force to submit a comprehensive reply to eight questions -
concerning the Titan III program. The report was to be
submitted by 1 April 1963.

R.S. McNamara announced his intention of reviewing the
Titan III program in "considerable detail both in
Washington and at the contractor's plants.'

Division scientific Advisory Groups on Titan III stated

their confidence in its "basic feasibility" and in its
"operational simplicity and readiness."
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1963 Feb 23 First f1rmg' of a. Titan III solid motor at United Technology
. Center. = A single center segment successfully met its
test ob_]ectlves

Mar 27 AFSC published three significant reports for Air Force

' submission to the Secretary of Defense. These were,
Response to Questions Posed by the Secretary of Defense’
Pertaining to the Titan LI Program, Tlitan [II Project
Review and Data Book, and Relation-of Titan Il to the
TWNational Launch Vehicle Program and Alternate Courses
of Action. B '

Apr 1 . Effectlve date of reorganization of Corps of Engineers
‘Cape Canaveral District to assure efficient direction of
'the vast space launching facilities construction program
underway by both NASA and the Air For ce.

Jun 13 The Corps of Engzneers awarded a contract for construc-
tion of Titan III "ITL" launch installations at the Atlantic
Missile Range to C.H. Leavell and Peter Kiewit and .
Sons, joint venture contractors, ‘at a bid cost of
$12, 678 873.

20 NASA members of the Launch Vehicle Panel of the
Aeronautics and Astronautics Coordinating Board indi-
cated their lack of complete agreement with Air Force -
replies to three of McNamara's "eight questions. "

Jul 15 Secretary of Defense McNamara stated that "the develdp-"
ment of the Titan III launch vehicle should be continued
in a.cc'ord'a.nce with a.pproved plans. ™

20 The first full scale five segment firing of a 120-inch-
o solid propellant motor. All test objectives were met: the
motor exerted a thrust of 940,000 pounds, operated for
110.8 seconds, and thrust vector control operated
satisfactorily.

23  Aerojet- G‘eneral successfully tested a transtage engine
for a long duration firing including two shut down and
restart actions.

- Aug 6 Contract for construction of Atlantic Missile Range
- Titan III launch facilities- -other than pad construction--
was awarded to Morrison, Knudson, and Paul Hardeman
at a bid cost of $22,480,000.
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1963 Aug

Sep '

Dec

25

17

17

10

The Titan III program office forwarded to system

command headquarters a "Titan III Follow-on Production
Plan. " h ‘

Preparation of the Titan III "ITL" site at the Atlantic
Missile Range was completed..

Completion of modifications of Complex 20 at the Atlantic
Missile Range to accommodate launch of Titan IIT in an
"A" configuration.

Construction of Edwards AFB Titan III Solid M‘btor Test
Complex was completed. ;

Dyna Soar, long planned as a manned space glider and

" slated to be the first payload for the Titan III launch

system, was cancelled and plans for a Manned Orbiting
Laboratory (MOL) were announced.
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CHAPTER 1

BACKGROUND OF SPACE BOOSTER DEVELOPMENT

 During October and November 1957 the United States came to the dismal
 realization that the Soviet Union, through a series of dramatic épace achieve -
ments, had not only demonstrated an astonishing superiority in at least one
area of technology but had, in that process, employed rocket blodsters mare
'powerful than anything the Americans could hope to prodﬁ.c:e for several years .¥
Efforts to depreciate ‘the Soviet triumph, or to offset its effect by citing
evidences of United States achievement in. other fields, solaced the public ego
but did liftle to even the technologiﬁal imbalance .- Explanations, even per-. |
fectly valid explanations, tended to pale before the continued evidences of
Soviet proficiency in the space arts. It was quite true that American rockets

' were less powerful than their Soviet counterparts because the United States

_ had develpped less weighty nuclear warheads and | needed less thrust to propel
its in_tercoﬁtinental ballistic missiles. But it was _aléb true; though the facts
were generally obscured, that for the preceding 10 years it had been national
policy to_deprecia’ce space science, that for five years the Department of
Defense had deliberately forbiddén the diversion of “fnilitary hardwaré" to
space programs, énd that in the immediate past the use of the term " space"

had been forbidden. There lay the real explanation. -

% Sputnik I, launched 4 October 1957, was the smallest of Russian satel-

lites, a sphere measuring 22.8 inches in diameter and weighing 184
“pounds. Sputnik II, launched on 3 November 1957, weighed approximately

1,120 pounds but its dimensions were undisclosed. In contrast, the
first United States spacecraft, about the size of a large grapefruit and
designed for launch by the star-crossed Vanguard rocket, was a sphere
six inches in diameter and weighing 3.25 pounds. The first United
States spacecraft to enter orbit, Explorer I, launched by a four -stage
Army Jupiter booster on 31 January 1958, was an 80-inch cylinder, six
inches in diameter and weighing 30.8 pounds. '



The bitterness that marked the resulting discourse carried over into the

~ election campaigns of 1958 and 19(§O, with the predictable consequence that

" political partisanship and technical requirements became entangled.. Certain
facts sfood clear, nonetheless. Aé a 'p'eople, Americans had refused to
acknowledge ‘that'a éupposedly backward nation like ;ch.e Soviet Union, handi-
capped by an archaic and ',awkwa;rd system of government and economics and
recuperating from drreadful wounds acquired in four years of savage war .
could hope to compe'te in science and technology with the United States. Fume
as they would, supporters of an expanded missile and space effort had to . _
- concede that until October 1957 the attltude of the nation's polltlcal 1eadersh1p
toward space proposals had reflected the mood and desires of the population
at’ large Anti-intellectualism was an attribute of the early 1950's, and it
was an intellectual elite which argued most fiercely for a large scale rocket
development program . In that enviornment, the bitterly won right to develop
‘an intercontinehtal.baliistic missile and to keep alive a single meaningful
satellite program--WS 117L-- represented-a very substantial achievement.
At'éempté to expand that program, or even to make its financial foundations

~ sturdier, were decidedly unpopular with administrators who had been told
their mission in life was to keep the nat10na1 budget in balance and the tax"

'blll 1ow

Intercontinental missiles of thémselves were so embarrassingly expen-
sive that it was difficult to secure adequatle resources for their development
even though their importance to the strr,ucture of national defense was g'enerally—- ‘
if not unlversally--conceded Space boosters, particularly any which might
requlre greater thrust than a ballistic missile and which in those terms had
no "economical" military application, stood little chance of acceptance. The
very Vcc.rncept of a space program was so completely unacceptable to the
Department of Defense that the Air Force in early 1957 had to expend a great
deal of time and considerable ingenuity to disguise space -oriented projects
in corder to ?revent their capricious cancellation. .One of the chief-c:lei‘ical
occupati’o.ns--of the immediate post-Sputnik weeks was rétyping mid-1957 pro-
posals for "upper atmosphere research" and "instrumentation developments”

-in their original format.



In the Atlas missile the United States Air Force had the nation's ohly
high-thrust rocket. It was slated to boost the only approved satellite--WS
1‘I7L.- -which had the capacity for meaningful payloads. From mid-1954 on-
ward, the goal of missile supporters had been the development of an inter- -

continental ballistic weapon--an 6bjective that project personnel pursued with

single minded determination, even though support from above often seemed .

apathetic,

The ultimate necessity for-booster programs separate from missile
develophnent was recognized e.arly, but there was no great sense of urgency.
Realistically, the ballistic missile people acknowledged that other matters
had p’reCedenc'e. From 1956 on, weapons planners occasionally urged develop-
ment of very-high-thrust propulsion systems for future space programs, but
to a singularly apathetic audience. In November 1956, a special panel of the
Scientific Advisory Board told the Air Force chief of staff that "The possibﬂity
of very large thrust requirements (we have heard mention of 5,000,000 pounds)
for satellite or more ambitious missions in the rather near future appears. . . .
to pose rocket sizing problems. These problemsrshould be studiéd to pro-
vide guidance in planning rocket development and'rockef tés.ting facilities .”1
Less than a year later, in August 1957, the Bacher Panel, made up of some
of the nation's leading scientists, reported that "The growth potential of the
liquid propellant missile appears to be such that an appropriately directed
research progfam on it will provide booster components for advanced satel-

lite and spac'e travel vehicles. nl That observation, made three months in

advance of -Sputnik I, did not prompt consideration of any specific programs,

but it (:l_ea.rly revealed that at least one segment of the scientific community

had more than a casual interest in preparing for a certain future in space

activity.

It was apparent to the discerning and to those aware of the accelerated
Soviet space program that Russia already possessed a ". . .comprehensive
spacej -flight effort, coordinated and supported at the highest level in theif
very important Academy of Sciences; and this effort is being directed by men

of the highest stature, both scientifically and politically." It took a long time



to grasp that the nation was " up against a first-class,'op'ponent who will move
" forward in space flight w1th all possible vigor. No more comfort can be
derived from an assessment of his intentions than from est1mates of his

. capabilities.

After the first Sputnik, the Air Force, possessing to a high degree both
space hardware and technical competence prepared for a tardy but now
inevitable increase in space activity. Through November and December _
1957 the Air Force Balli_stic_ Mis-sile Division constructed plans for accelera-
ttng its astronautics programs. On 3'january 1958.the division. forwarded a
series of interesting space proposals: use a Thor intermediate range missile'_
plus a Vanguard second stage as a basic space vehicle (the Thor would be
,avaﬂable as a space booster about a year aheéad of the Atlas) to orbit recover-
able capsule satellites by September 1958; land an object on the moon by the
last quarter’ of 1958; recover an-animal satellite and circle the moon by
January 1959.  Other programs were also suggested There was no. shortage 7
of proposals for space projects. Apparently the nation was increasingly
W1111ng to support a vastly augmented effort. Yet in the general ferment of
the t1me, other questions relating to national space programs and policies -
began pressing for attention. Within the Department of Defense ultimate .
assignment of space roles and missions was far from clear, as was the
somewhat art1f1c1a1 questlon of whether military or civilian orientation should
control the nation's total space effort. These and related problems were
some of the c_entral is sues which demanded resolution before any final

comm‘itrnent to a national space policy and objective 4

Even though the preparation of plans and proposals--or the fact that
they now were seriously entertained in Washington--represented substantial
progress, something more had to be done. Specific proposals had to be approved
and funded. Spec1f1c agencies had to be strengthened, or created. No national
goal had been stated, no national obJectwe defined, but in the nine months fol -
lowing Sputnik I there was enough general a.ctiv:itg,r to create an impressive stir
in the field of. space enterprise. Before anything meaningful in the long term

could be undertaken, however, the responsibilities of the several agencies



now clambering into the space project business had to be sorted out. After

. the appomtm ent of 1nd1v1dua1 "czars" faﬂ.ed to qu1et public and congressional

clamor, the Department of Defense on 7 February 1958 established the
‘Advanced Research Projects Agency to direct and conduct space research
leading toward operational systems and, presumably, to prevent duplication
of activity within the milita.ry servicas'.s The new agency promptly set about
consolidating its position, in the process absorbing some of the decision-

making authority of the Air Force.

ARPA, as it was inevitably called, had scarcely completed this process_

‘before enactment of the National Aeronautics and Space Act of 1958 (29 July)

created a new, separate, civilian-managed agency which by law had custody

of all space programs exc‘ept.thosé clearly oriented toward military objectives.
Smce 1t was administration policy to work toward the "peaceful uses of

space" --a slogan which must have thoroughly baffled Soviet analysts who
certainly knew that the United States had not the least vestige of a non-military
space vehicle program at the time--the new civilian agency acquired custody
over the infant man--:in—spa-ce program which had for ‘some months been ARPA's

chief interest.

‘Inevitably, several Air Force projects which had been conducted undex
ARPA's.generaI management were inéluded in the<prize awarded the civilian
agency; man-in-space, lunatr probes, million-pound-thrust engine, and space
exploration pfogramsl were adjudged to be peaceful in intent and were trans- '

ferred, together with the ‘$58.8 million allocated to them. On 1 October

1958 an executive order from the President made the switch formal. By

21 October, prospective contractors had been invited to Washington to hear

a briefing on a 1.5 million-pound engine. In December, the Department of

Defense and the National Aeronautics and Space Administration agreed on the

essentials of a national booster program, and later that month the chief Army

missile agency, at Redstone Arsenal, was made "responsive" to the civilian

agency‘é development requirements.

C ;



7 Standmg alone, such' events mightr have meant little " But the military
establlshment had since 1953 been obhged to operate in accordance with the
doctrine that all development must support def1ned objectives 1dent1f1ab1e
with an approved weapon system. In the early months of 1958, when the Air
- Force Ballistic Mlssﬂe Division had prepared six succes sive development

plans for Man- -In - -Space, it had become clear that the maJor technical obstacle
to manned space flight was the lack of a h1gh perfo_rrnance_booster , one
capable of lifting substantial payloads into orbit. 7 ‘With the transfer of pro-
,gram authomty to.the civilian space agency, the obvious _]ustlflcatlon for
developmg high thrust rocket engmes had also vanished. Payloads still .
assigned to the Air Force had been tailored to the available boosters, mostly
Thor and Atlas. Unless the Air Force could identify a requ1rement for a
heavy, bulky space system with unmistakable military value‘, there would be

no service-developed big booster .8

Through the last of 16958' and into 1959, an intense but unrewarding
endeavor to define a military space -role other than reconnaissance, pre -
occupation of higher authorities with matters of seemingly greater moment,
and rapid expansion of the —civilian space agency presaged-a diminished

“military’ role in the nation's total space program.

In add1t10n there were significant changes and adJustments in Depart-
. ment of Defense management concepts, pa.rtJ.Cularly for 1nc_rea51ngly expen -
sive research and development programs During the years immediately
precedlng early 1959, the individual services had a constantly diminishing
1n.f1uence in the ‘selection of weapon systems for ultimate acquisition. In
part, that trend stemmed from ferocious inter- and intra-service rlvalrles
and a consistent 1nab111ty of the m111tary serv1ces to agree on a mutually
acceptable space program. Repeatedly, the defense department had to force
~ or impose decisions.. The enormous cost of the military budget and the
vastly more complex technology it now embodied also induced escalation of
the decision level. It was in this mtellectual and marnagerial climate that
the Department of Defense, on 10 February 1959, abolished the position of

the Assistant Secretary of Defense for Research and Engineering, transferred



all relevant functions to the Office of the Director of Defense Research and
Engineering, and signi_ficantly enlarged the duties and responsibilities of that
office. Such duties included not only review of military department reseérch
: and development projects and development of systems and standards for the
management of approved plans and programs, but also direction and control,
- including assignment and reas signmént, of "research and engineering activi-
- ties that the Secretary of Defense deems to require centralized maﬁagement."
Moreover, the director was empowered to "approve, modify or disapprove
_pr‘ograrﬁs and projects of the military departments and other Department of
Defense 'agenciés in his assigned ﬂeids to eliminate unpromising or unneces-
éarily duplicative programs, and initiate or support promising ones for

research and development."

A sequel to this action occurred several months later. Since adminis-
tration of space programs and satellite projects presented special problems,
_the Secretary of Defense, on 18 September 1959, asked the Joint Chiefs of
Staff and the Director of Defense Research and Ehgineering for suggestions
on the best way of handling these matters . They subsequently agreed that,
for the time being, the Advanced Research Projects Agency would continue
to direct research and development leadlng to the demonstration of operatlonal_
feasibility . None contended that this was a good management arrangement.
They also agreed, thefefore, "to begin the develqpment of a plan for the
orderly transfer of sISace projects to the appropriate military departments.”
That transfer would normally be made "during the development phase at an
appropnate time to be determined by the Secretary of Defense . " Although
satellite and space vehicle operations would be assigned to the appropriate

military department, the Air Force would henceforth be responsible for the

s

% On 17 November 1959, full development responsibility for Discoverer,
Midas and Samos programs was returned to the Air Research and
Development Command and thence to the Air Force Ballistic Missile
Division.

LY -,




development productlon and launching of spa.ce boosters and the "systems
‘ 1ntegrat10n incident thereto." This was an important step in removmg, at

“least in part, some of the uncertainty which heretofore had prevalled in the

development and operation of space programs.

- The Air Force hopefully anticipated relief from the repetitious and
detailed technical reviews favored by the Advanced Research Projects Agency.
Many in the services felt that the agency's review process was an exasperating
and time consuming interference with single -service management responsi-
bilities . But any hope for real change-—bey'ond a temporary stay --was dis-
Vposed of by Secretary of Defense Neil McElroy's ruling that "the Director of
Defense Research and Engineering will review and approve the detailed re-

' search and development programs in the space and satellite field. . . . . . wle

Shrmkmg the role of the Advanced Research Projects Agency and
-enlarglng the author1ty of the Director of Defense Research and Engineering,
“accompanied by tra.nsfer of key people from the former agency to the latter,
conflrmed the view of those who held that, ". . .ARPA type project engl-
neering and the ARPA-type concern over minute technical detail ha.ve not
been. reduced or eliminated." Particularly for space projects, experience
had shown that the review of detailed research and development programs was
a cont1nu1ng activity, with the Air Force and Department of Defense going -
through "an interminable series of fiscal proposals and counter —proposals

on each space system .- (13

The atmosphere of change, and particularly the probable interposition

o}
L
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new elements in Air Force weapon system acquisition pohca.es and pro-
cedures, led the Air Force to realistic appraisals of forces affecting the
future role and mission of the Air Force. The most penetrating of con-

: temporery studies was that conducted in October 1959 by the Ballistic Missile



and Space System Panel, usually called the Bleymaier Panel after its chair-
man, Colonel J.S. Bleymaier.* The panel's findings were widely influential
in shaping later Air Force policies and actions.. In addition to recommending
reorientation of the Air Research and Development Command and the Air
Materiel Command along lines which eventually'marked the reorganization of
1 April 1961, the panel strongly ufged adoption of package plan programming,
assignment of responsibility for all military space functions to the Air Force,
and clarification of the responsibilities of the Department of Defense and
National Aeronautics and Space Administration. The panel also propos ed
specific changes in the kind of management which heretofore characterized
space project development. The group observed that:

The Director of Research and Engineering, Department of Defense,

has specific delegated authority, which he is now exercising, to

issue instructions to military departments; to approve, modify, or.

disapprove programs and projects of these departments and other

‘Defense agencies in the interest of eliminating unpromising or un-

necessarily duplicative programs; and to initiate or support

_promising programs and projects for research and development.

In exercising his responsibilities, he is authorized to contract

‘directly with private or government agencies or contract indirectly
through the military departments. ... It is the nucleus of an organi-

zation which will eventually exercise management control over all
significant weapon system development and production activities in
 the Department of Defense.
As the panel saw it, the United States ".. . presently has no approired space
policy or any specific program or expe_rimental' weapon system specifically
implementing the policy.” In the panel's opinion, the many aspects of space
research in which the military services and the civilian space agency were

involved were not integrated to achieve a common goal.l4

¥ Ofher members of the committee were Lieutenant Colonel C. Burch
from the Air Force Ballistic Missile Division; Colonel R.R. Hogan
from the Air Force Ballistic Missile Center; Colonel A.W. Koser,
Colonel H. L. Wood, Colonel R.E. Zachman, Lieutenant Colonel
'J:G. Pallo, and Mr. T.V. Lucas, all of the Air Staff; Lieutenant
Colonel D. G. LePart from the Air Training Command; and Colonel
" F.E. Wikstrom from the Strategic Air Command's 1st Missile

Division. .
- | 9



Parallelmg the Bleymaier Panel report the balllstm rrussﬂ.e division.
contmued to pla.n and study development programs leading to high perfor—
mance boosters and launchmg systems . In pursuit of th1s objective the
Air Force was al'so aided by the _inor'easing maturity of space technology..
No formal requirement.existed for a militery man in space, but the gamut
of posmble applications now included an observation station on the moon, an’
earth orbital exper1rnental way station, and manned satellite defense sys-
tems. There was mounting interest in developing a comprehenswe analysis

of all the factors involved in creat_lng a space launching system most suitable

to meet future rn"ilit‘ary requirements .

A 51gn1f1cant step in thls direction occurred on 6 November 1959 when
‘the missile development d1v131on published a plan for a "Mllltary Booster
Development Program.” ’I‘he plan-offered a projection of a theoretical launch
vehicle system de_signated, for the sake of iden'tification,' as "Phoeni_}_{.“ This
effort was followed,‘ on 4 January 1960, by another internal planning study en-
titled, "Air Force Space Systems Program," wlhicjh carried the Phoenix idea
several steps forward by defining potential space systems of primary interest
and prOJectlng the precise techniques and performance capab111t1es needed to
make these systems p0551ble The basm thesis of the Phoenix effort was to
devise a space launching system of wide versatility and low cost--low enough

to significantly reduce the enormous costs of space operatmns 15

Some -of the hlghly pro_rnisi_n_g elements in the proposed plan began to

attrect attention. On 12 February the missile division formally proposed

.,
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J.V. Charvyk,
undersecretary On 23 February, Air Force headquarters a.sked the Air
Force Ballistic Mlssﬂe Division for appropriate data to support a request
for emergency funds to speed the Phoenix prograrn. The d1v1s:Lon, on 11
March 1960, furnished the requested data and included a proposal to orient
a large element of_the rocket propulsion applied research program, con-
ducted at Edwards Air Force Base, to supply engineering verification of
propulsion.judgments and interpolations included in the study. In any event,

it was now recognized that here was a proposal moderate enough to have a -



chance of approval. Momentarily $8 million in emergency funds was
assigned to get the program underway--an allocation which was finally with-
_held by the Bureau of the Budget."‘ Nevertheless, this indication of high .

level interest stimulated the Air Force to concentrate on further exploitation

of the Phoenix concept.

On 4 April 1960.the Phoenix analysis was formally aésigned as a con-
tractual effort to the engineers and scientists at Space Technology La,bora—-‘
tories; actually, the space laboratories had been working on the study at a

moderate level since the first of the year. It ndw became a priority effort.
| New work in'clugled a comparison of ballistic vehicle system s with and with-
out rec.overable stages in one size range only. r.I'he study was then extended
to include an examination ,of.al'l competitive -laxll%ach systems over the com- |

plete range of interest and probable utility.l

From this effort there developed one of the most thorough .inve'stiga-
tions of space vehicle systems thué far undertaken. Contractors familiar
with space problems and propﬁ_lsion systems were asked to contribute to the
study and specialists from Rand Corporation assisted in the cost analysis.

dg ale ale

portion of the work. Reﬁuirements were weighed against available

Allocation of this amount was approved, surprisingly, by Deputy -
Director J.H. Rubel, Defense Research and Engineering. In all
probability, however, the Bureau of the Budget saved the Air Force
some embarrassment. In the preliminary phase of the Phoenix study
it would have been difficult to apply $8 million to direct support of
the program although the money might have been expended with profit
on applied research and analysis related to the Phoenix concept.

Although available in briefing form much earlier, the Phoenix Space
Launching System Study: Phase I Final Report DCAS-TDR-62-24,
was not published until 28 January 1962 and Phase II Final Report,
DCAS-TDR-62-25, did not appear until 31 March 1962.

In addition to Rand, United Technology Corporation proposed solid
rocket system design; Aerojet-General furnished thrust vector control
analysis; Rocketdyne submitted an engine recovery analysis; General
Electric proposed an engine design and included an analysis of cost

of development; and Pratt and Whitney furnished a design for a pro-

pellant feed system.



alternatives --costs, availability of specific -sys'tern's , performance, resources,

~ and time. It became apparent for the first time that the Air Force, from

its pa1nfu11y accumulated fund of space data possessed resources for plan-

- ning the acqu151t10n of a complete and adequate space system. As the study
continued--it was transferred to the newly created Aerospace Corporation.

in August 1960 together with most of the people who were working on _1;he |
project--detailed engineering specificati_ons. for a space vehicle system be-
gan to ta.ke shape. Several rex.?olutionary ideas were intz_'oduced into system
planning. VAmong these was a proposal for design of a new, economical and
efficient 1annching system which promised to reduce the staggering costs of

putting space systems into orbit.-1

The first phase of the study was compressed to an effective briefing
which, during January 1961, was presented at command and Air Force
headquarters MOuntlng 1nterest in the. Phoenlx idea coincided with increasing -
concern in space affairs, whetted by the apparent ease with which the Soviets
either anticipated or surpassed each Amer1can space feat. The proposed
Phoenix program seemed an 1dea1 space vehicle 'to many of those who
pos sessed the strong conv1ct1on that an augmented m111tary space capability

was essent1a.1 to the nation' s survwal

A significant factor in the momentum of thé space booster proposals
‘was the adm1n1strat1ve overturn in the Department of Defense that occurred
when the Kennedy adm1n1strat1on assumed control in January 1961 Less
thoroughly committed to a low cost space effort and more open minded on
the matter of "peaceful uses of space, " the new regi_me was intent on-a -
rapid expansion of effective United States military strength. With some
exceptions, policy officials 1n the Air and Defense secretariats changed at
the same time. Perhaps most important in the long term {vas a gradual
but appreciable relaxation of fiscal stri'ngencies"in the next two years the

defense budget grew to 125 percent of 1ts 1960 total.

The Air Force plan for development of a high performance and rela-
tively economical standardized space booster gained increasing favor in the

_Department of Defense and, to a lesser degree, in the National Aeronautics



é.nd Space Administration. During February 1961, under pressure from the
White House, those agencies reached an understaﬁding on a National Launch
Vehicle Program. An Aeronautics and Astronautics Coor.d_inatiﬁg Board,
made up of representatives of the two organizations, was assigned the
responsibility for ", .. development and procurement -o_f. launch vehicles

for space purposes, some of which are the responsibility of the DOD and
some of the NASA and all of which taken togethei' comprise an integrated
spaCe booster program consistent with national space objectives and require-
ments." This new entity in space affairs was to exercise pr1mar1ly a
coordinating role. A Launch Vehicle Panel was selected to do the paper
work and keep abreast of current developments. But the crui of the agree-
ment between the Department of Défense aﬁd the National Aeronautics and
Space Administration, approved by the secretary of defense on 23 February
1961, was that ". .. neither the DOD nor the NASA will initiate the develop-
ment of a launch vehicle or booster for spaée without the written acknowledg-
ment of-the other agency that such a new development would be deemed
consistent with the proper obJectlves of the National Launch Vehicle Pro-
gram." In effect th:Ls érected another adm1n1strat1ve barrier to be sur-
mounted prior to beglnnlng any new booster development effort, even though
it suggested that such a- development might now be favorably considered.

The agreement also prohibited duplication of costly space vehicle develop-
ment programs and tended to stimulate consideration of a space launching
system which would meet both milit‘ary and_civilian requirements. Con-
ceivably, in the absence of complete ﬁnder staﬁding, the. agreement might
also permit one organization to veto a development effort considered vital

by the other. 19

On 6 March 1961, shortly after this arrangement was concluded, the
Department of Defense issued a directive which clearly defined the role of
the Air Force in military space programs . Each military department and
defense agency was authorized to conduct preliminary research of small
scope to dévelop new ways of using space technology. Any proposals for
space programs beyond this level were to be submitted to the Director of

Defense Research and Engineering. He, in turn, would make appropriate



recommendations to the Secretary of Defense, who would have the power of
approval or disapproval. In any case, the directive é_peciﬁed that "research,
devélqpment, test, and engineering of Department of Defense space develop- '
ment ‘programs or projects, which are app.r'ové'd hereafter, will be the

responsibility of the Air Force ."20

These various management arrangements, agreements, .and.the final
clear cut space assignment to the Air Force reflected governmental pre-
occupation with the depressing state of our space race with Russia. Observing
the pace of Soviet space accomplish_rhents—-—aﬁd the mamfnoth weights of

" their s-pacecraft as compared with ours --the .eynic might wonder if we were,
in fact, sfill in. the race. * VNotwithsté.nding our apparent inabilify to surpass
Soviet space achievements by ordinary measures, or more probably because
of it, there was an increasing demand that the nation adopt a firm space goal
and launch a determined all out effort to achieve ijt. To this end President
Kennedy requested Vice President thﬁs-on, as chairman of the National _
.Space Council, to conduct ", . . an overall survéy of where we stand in space."
This requésf_was reinfor_c’ed by several specific questions which _f'ocﬁsed on
fhe possibilities of beating the Soi}iets to thé morop. What would such a pro-
gram cost? What would be the best propulsidn system for such a venture ?

Were we really making a maximum effort to achieve space supremacy?

To get his answers Vice President Johnson solicited s‘everal—so'urces s
among them Lieutenant General_ B .A’.ISChriever, commander of the new Air
Force Systems Command. Schriever replied to the Vice President on 30 -
‘April 1961, his point by point answer to the several questions eloquently

stating Air Force space policy and views regarding the nation's space program.

Obviously contributing to this uneasy state of mind was a series of
Soviet space triumphs (Sputnik VIiI-launched 4 February 1961; Sputnik
VIIi-launched 12 February; Sputnik IX-launched 9 March: Sputnik

- X-launched 25 March; and Vostok I-launched 12 April 1961) during the
first months of 1961 which projected into orbit payloads weighing from
10,330 to 14,292 pounds. A Venus probe satellite, weighing 1,419 pounds
was launched from Sputnik VIII in a parking orbit and the first manned
orbital space flight in Vostok I was successfully completed.



In Schriever's opinion, given forthright decisions and support, the United
States could begin to outperform the Soviets in space. If a program were
started immediately he said, it should be pos‘sible to demonstrate a spaée- .
craft rendezvous and return to earth by 1963, to orbit a useful communications
satellite by 1963, to have nuclear propulsion for upper-stage rockets by _
11965', and to complete a manned lunar Iandiﬁg and return by 1967. He empha-
sized the urgent requirement for large boosters, particularly for energetic
development of segmented solid motors for first' stageAapplication as well as
continued development ofhliquid engines for upper stages. (This was the

érux of the Phoenix study.) Such a program, Schriever estimated, would

cost about $4 to $5 billion a year.

. But General Schriever's most important reéponse'displayed cm_'xcern '
about the intensity of the nation's space effort. He expressed his conviction
that ". . . we have not been making a maximum effort. We have been operaF
ting our national space program under the artificial and.dange'rous constric-~ -
tion of 'space for peaceful purposes' and 'space for military uses.' "
Scl_qriever contended that our space programs were ". . . characterized by

an attitude of defeatism and seeming resignation to second place for the
United States in the space competition with the Soviets . To overtake the
 Soviets would require ". . . singleness of purpose,' a sense of urgency, éfull :
-accep'tance of the ‘Soviet challenge, and a refusal to admit there is any place
for the Unitéd States but first." Said Schriever; "It is my conviction that

to get there first will require an approach similar to that taken in the

accelerated development of the ICBM program in 1954."2'3

The Air Force, said Schriever, was ready to undertake a Manned

s i
Lunar Expedition as the national space goal and was also prepared to develop

% In October 1960, General Schriever had appointed a group of the nation's
". . . most eminent scientists and executives, under the chairmanship
of Mr. Trevor Gardner, to advise and assist the ARDC in carrying out
its vital development responsibilities in the critical decade ahead."

The group submitted its report to General Schriever on 20 March 1961,
advising urgently needed decisions and actions essential to a strong

space program,



the space vehicle 1aunchingsystem necessary.to start the program.: In a _
briefing given to Secretary of the Air Force Zuckert on 28 Aprll 1961, the: |
Space Systems_ Division unequivocally stated that, "The most immediate .
problem area requiring attention is the large booster program. Our defi -
| ciencies in this area are the primary caose of our lagging the Soviets in
-space. Booster improvement is the keystone of any effort to equal or sur-
pass them. .It is essential for support of all recommended actions...." 24
‘These actlons--—essentlally similar to those Whlch General Schr1ever :
proposed in his 30 April 1961 letter to Vice President Johnson - -included a
recommendatlon to develop a 'I'1tan I - Charmt comb1nat1on.'k
Charlot--a proposed program whlch never attained development status - -
would have been a high energy upper stage using fluorine -hydramne 35,000 -
pound thrust engines. In the opinion of the Al_r Force this-vehicle, rather
than the cryo'geni.c -fuel Saturn vehicle under development by the National
Aeronautlcs and Space Adm1n1strat10n, would best do the job requlred I_n
7 add1t1on to the prime goal of a manned lunar landing and safe return to earth
 the Air Force proposed stepping -stone and parallel programs of spec1f1c '
‘military value: a communications satellite, manned maneuverable recover-
able s_pacecraft, an orbital command post, and satellite defense systems. 25
" Other interests and agencies were, of course, deeply involved in
“defining a new national space effort. On 8 May 1961 the Secretary of Defe_nse,‘_
Robert S. McNamara, and James E. Webb, Administrator, National Aero-
_ nautics and Space Administration, jointly recommended a national program
leading to a manned lunar landing and .re.turn. They proposed parallel ' |

development, at eqtial priority, of liquid engineés and solid propulsion motors-
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for either the first or d stages o
the moon mission. Furthermore, because development of both systems was

. to be continued until the superiority of one approach over the other was
demonstrated, it was agreed that the Air Force would be responsible for
development of solid rocket motors. McNamara and Webb also strongly

urged accelerated booster development as a military necessity although

" An advanced Titan intercontinental range ballistic missile, designated
Titan II, had been under development since May 1960. It differed from
Titan I in that it utilized storable noncryogenic propellants, all inertial.
guidance, and somewhat higher thrust and payload performance.



"military potential and implications are largely unknown., " They agreed that
nwithout the capacity to place large payloads reliably into orbit, our nation
will not be able to exploit whatever military potential unfolds in epace M -
Based on these various necessities it was mutually decided that $62 million -
would be all_oéated to the Department of Defense in fiscal 1962 to start the

program.

That a manned lunar expedition would become the first major goal in
the conquest of outer space seemed assured. - Although the plan to send a
~manned expedition to the moon in advance. of the Soviets captured pﬁblic
i'magi'nation, ‘the proposal for Air Force maﬁa‘gement of the enterprise did
not fare so well, On 25 Mey 1961 the President aesigned the program to the
National Aeronautics and Space Administration, making it a national objec-
~‘tive. The civilian space agency 1mmed1ate1y embarked on preparations for the
decade -long assignment. The Air Force promptly turned over to the National
Aeronautics and Space Administration the detailed studies and plans on

which it had based 1ts own proposal for a manned lunar program.

Desp1te this dlsappomtrnent—-whlch was less severe that it mlght have
been since it had generally been anticipated--the Air Force continued to
press for development of a high-thrust space ‘vehicle capable of lofting a
wide weight range of military payloads. Continuing study identified. veh1c1es
of alternative sizes, stages, and fuel combinations to meet the thrust requlre-
ments of multi -ton payload_s . By May 1961 these ideas had begun to boil -
down to two essential choices: a new vehicle using solid motors for the first
stage and a liquid powered second stage or, as recommended in a study of

boosters for Dyna Soar, a Titan II with strap-on solid motors for the first

ate

stage. " This notion, proposed in the Phoenix study, was new for Titan
but was not a new concept. A solid-rocket-booster Thor had been pro-

posed in 1958, and ideas of using solid motors to hasten acquisition of a -~

% After nearly a decade of preliminary conceptual studies, the Dyna
Soar project was started in 1958 by Wright Air Development Center.
The Boeing Airplane Company and the Martin Company were awarded
study contracts to fully define their approaches to system development.
(Cont'd)



high thrust booster later came from many directions. Advances in the size,

thrust, and reliability of solid propellant' motors had inspired the convi-'ction

that they could be quickly and ecohomicaﬂy developed to create .thefsuperé

vehicle n.eéded. to pull ahead of the Russians. The success of Minuteman

and Pél_aris seemed to support that idea. Engineefing spécialiSts convincingly
- announced that recent advances in solid motor design and performance would,
~with a miﬁimum' development effort, provide the lérge boosters the nation ‘

urgently needed. 28

. A Need Is Recognized -

As might reasonably have been expected, the Director of Defense
Research and Engineering became ‘inc‘reasingly' involved in the effort to
", .. speed up the aéquisitidn of basic éapabilities in spaée for which we do '
not have a 'su_'i.tgxbl.e planning or project mechanism." On 15 May 1961, the
deputy director, J.H. Rubel, -_define_.d some ideas in development of space
hardware which he calied a "Unified Program Cdncept." The essence of
thé proposal, of parficular intere'-é-'t'to the Air 'Fofce, was that .s‘tandardized
‘launch vehicles and standardized spa.cecraff should be used with a‘variety
of_payloé.ds . "The creation of standardi.zed, 'work-horse' spacecraft aﬁ-d
launch veh.i-c'les., suitable ibr many pa’yload {project) applicatioﬁs Eut speci- |
fically optimized for few br none would be the goal." Rubel also éuggesféd
that it would b_re_ desirable to spe'cify‘the design of the. space vehicle and space -

craft in advance of system d_e\}elopment-—perhaps the skeleton of a "Phase I"

In November 1959 Boeing was selected as the glider and system inte -
gration prime contractor with Martin furnishing modified Titan
missiles for boosters . Additional detailed study of the total program
was completed in April 1960. On 9 May 1960 the Air Force received
approval to move into "Step 1" phase of the program - -development of
a full scale, minimum sized manned glider boosted into hypersonic
flight by a Titan missile. Step II involved use of a more powerful
booster and a manned spacecraft capable of orbital velocities and a
controlled safe landing within the United States. The program was
finally cancelled, after months of vacillation, in December 1963, at
which time the manned orbiting laboratory~--MOL--program was given
to the Air Force. '
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-COncept about which more will be said later. In any event, he requested
that ", .. the Air Force undertake a study and submit recommendations for
a set of 'work-horse' launch vehicle and spacecra.ft developments " These
were to meet the needs of the Air Force over the next two or three yvears,
or even longer if the concepts proved useful. The large launch vehicle should
have sufficient power to lift a 10,000 pound spacecraft into a 300 nautical '
mile earth orbit or a 1,500 pound spacecraft to escape velocity. Possibly,
he suggested, a Titan II with a new upper stage might be the vehicle needed.

2
The Air Force was to submit the report by 16 June 1961 ?

On the next day Rubel--one can only speculate on ‘the energy resources
of the deputy director --requested the Air Force and the National Aero-
nautics and Space Administration to jointly prepare a series of "white papers
one of which was to " ., . outline the principal objectives toward which a
large scale solid booster development program would be aimed." The whole
management structure, technmal supervision, testing, in fact all elements

of the program were to be 1ts provmce

As the Air Force bent to this task, on 23 May 1961 the undersecretary,
Dr. J.V. Charyk, telephoned Major General O.J. Ritland, Commander,
Space Systems Division, to request a condensed plan for development of
large solid motors. The next day the division suggested that sohd motor
‘development should meet the requirements of the Phoenix 1a1mch1ng system
and noted that " . . . study of the launching needs of the Step Two Dyna Soar .
has led to consideration of a Titan II vehicle with a solid supplemen’c to the
first stage." The division urged development of "building blocks," a phrase
that was now coming into more frequent use, and recommended thorough
testing of solid propellant motors ranging in size from 100 to 140 inches in
diameter and weighing from 50,000 to 100,000 poﬁnds . A development pro-
gram such as that proposed would take an estimated 30 months and, if started
immediately, would require an expediture of $62 million in fiscal 1962. The

division promised to submit a complete report by ¢ June 1961. 31

Thus the Air Force, and particularly the space division, became in-

volved in two important directed studies at the same time . One represented



an effort to design a high performa.nce ’ rel:.able and economical space
vehlcle --a task undertaken by the Air Force.on prevmus occa51ons--w1th

' the other directed toward solid rocket technology appllcable to large space
veh1c1es . Merger of these two closely related interests appeared mcreasmgly

imminent.

May 1961 marked the beg1nn1ng of an intense plamnng activity that was -
to continue for several months. Of the two Department of Defense assign-
ments, "USAF Studies Relative to Space Prog.rarns" was, because it pre-~
.. sented a host.of alternatives, the most demandmg Notwithstanding its
technical complexities the report was completed and submitted to Washmgton
authorities on 7 June as requested. The essence of the Space Systems
Division's recommendation was that existing hardware be fully exploited to
create a single basic launch vehicle combination. It was to be a vehicle
selected from the "forefront of present technology" and possessing an ample
margin‘ of performance to per_fnit significant imlprovements over the next

five to ten years.

The most pervasive consideration affecting_ the division's tecomr_nenda-
tion was to select a vehicle able to handle the -only approved heavy-payload
Air Force space vehicle: Dyna Soar. Evaluation of alternative combinations
of stages, fuels, weights and configurations had cleared the field of all but |
two space vehicles Vcapabile of performing the task and possessing, as well ;"
significant grow.th possibilities. The .f-irst- choice, by a small margin, was
a launch vehicle with a first etage _aS'sernbled from segmented solid motors
and a single oxygen-hydrogen engine for the second stage. This vehicle
combination promised to be somewhat smaller and more reliabie than a
modified Titan II, although development costs would be on the order of $100
million more. It was clear however, that despite the additional cost of
developing the booster it would furnish an additional margin of versat111ty
and long term growth in performance . These were ideal attributes for a
iauncher to be used by the Air Force and, if needed, by the civiiian space

agency as well. 33

Another very attractive concept was Titan I with added solid motors .
This would be a large and relatively heavy vehicle {(weighing as much as



- 856,000 pounds at launch, including the 508,000~ pound SOlld motors and the
17 500-pound Dyna Soar ghder) capable of placing a 20,000 pound payload into
a 300 nautical mile earth orbit, with an increase in solid motor size making
a payload increase relatively easy. Tnasmuch as the vehicle would require
no large scale research and development effor_f an immediate start could

see it ready to operate from the Atlantic Missile Range by July 1964. Titan
1I development costs would be about '$230 million, solid motor development

- would require another $200 million, and the Cape Canaveral launching
installation would cost at least an additional $20 million. If a new concept of
space launch operation was adopted, and there were compelling reaseons for
doing so, the launching system would cost $75 million. Preliminary analysis

indicated that no new upper stage would be needed. 34

Meanwhile the division was completing the "white paper" defining
englneerlng objectives and a management structure for large solid rocket
development., On 5 June 1961 Dr. Charyk cautioned--somewhat after the

fact, for the study was already finished--that in". .. developlng the specifics
of the program, defense requirements should be kept in mind even though the
primary purpose of the program is satisfying the. back-up requirements for

NASA's lunar program.

These instructions were probably not intended to guide the preparation
" of the solid propelilant "white paper", since it was completed the next day,
but rather to reflect undersecretary Charyk's views on deriving maximum
technical benefit {r the solid rocket development program. Two impor -
tant applications of solid motors were contermplated: improvement in the
performance of existing ballistic hardware, and creation of a second
generation family of multi-purpose 1a_11nching vehicles " . . . which will yield
attractive cost effectiveness in terms of dollars per pound in orbit." It was
becoming more apparent that solid motor development might be the key to

the space launch vehicle the Air Force so urgently needed.

'But during May and June 1961 no booster decisions were forthcoming
while studies, proposals, projections of future needs, and plans to meet the

stated national space goals continued to de scend into a scientific labyrinth



-

of reviews and evaluations. Between 29 June and 12 July, the divisiOn made
" a series of presentations covering the ga&nﬁt of Air Force ?ropos,als for
various aspects of its development programs. Audiences included the
Undersecretary of the Air Force, the Deputy Director of Defense Research
~and Engineering, members of the Air Staff, and General Schriever and his
staff at command headquarters. By mid-July 1961 the need for a decision
had inspired the appointment of’a'.joint planning group that 'ihclude_d repre-
| sentatives from the National Aeronautics and Space Admini'stration, the
Department of Defense, and Air Force headquarters. This became the
Large Launch Vehicle Planning Group. ‘headed by Dr. N.E. Golovin- of the
civilian space ag.ency, seconded by Dr. L. L Kavanau, Special As smtant
for Space in the Department of Defense. The group was assigned the respon-
sibility for developing a detailed progectmn of the total national space pro-

gram., F.

,-Durir_xg the summer of 1961 this group generated ideas supporting a
new launch system development program. In addition, the Institute for
- Defensé ‘Analyses independently endorsed space vehicle standardization and

thus added weight to arguments for development of a new booster.

One of the most pop'ular approaches to emerge from the -plethora of
of reviews and scientific discussions was that "Building blocks" might be
used in suiteble combinations to perform a wide variety of missions. {The
idea was scarcely new, of coﬁ.rse .) Applying this concept to the Titan If_
resulted in definition of a basic "core" to which coinponent building blocks
could be added to create a high performance veh y great
~ promise. As this idea gained ascendency, the Department of Defense

created another Ad Hoc Group, under the chairmanship of Dr, O.F, Schuette
(on the staff of the defense engineering office}, to refine the work already
completed on the optimum design of a "wotrkhorse" booster--a word now sO

frequently used 11;_was no longer hyphenated. The separate paths of space

vehicle development planning, large solid propellant motors on one hand



and a standardized all-purpose second generation launch vehicle on the other,

were finally merging as one development program.

The spate of com.mittee reviews continued into fnid—summer.with
another Ad Hoc Group, established by Rubel and the Air Force Assistant
| Secretary for Research and Development, Brockway McMillan. This group
followed a well-plowed scientific furrow by considering eleven possible
vehicle combinations ranging from Atlas-Centaur, Titan I with strap-on
solid motors and various uppet stages, through Phoeénix, Saturn C-1 and,
finally, a Complefely new all solid booster. Performance "flight rules"
were nearly as before; the vehicle should be capable of orbiting a 10,000
pound payload 300 nautical miles from earth and also be able to inject a
1,500 pound payload into a 24-hour orbit or a 25,000 pound manned payload
into a 100-nautical mile orbit. After carefully weighing the familiar host
of complex factors the group in a review report (completed by mid-August
. 1961) recommended reliance on Atlas-Centaur for the period through 1965--
laltho'ugh there was ne discernable evidence that the anticipated operational
“date was attainable. Fortunately, other recdmmendations of the group were
.more realistié . Prominent among these was development of the Titan II
with strap-on solids and a high ene'rgy upper stage to meét booster needs
beyond 1965. Finally, the Air Force accepted the suggestion with some
reservations, since as the National Aeronautics and Space Administration
Saturn C-1 vehicle would pfesumably be available sooner than the Titan II
booster the Rubel -Mgl(;/[illan group suggested that Saturn be us ed for _éarly

Dyna Soar launches.

The recommendations of the Rubel-McMillan group were of paramount

interest to the Air Force even though application of the suggestions would

% On 5 July 1961, Lieutenant General H, M. Estes, Deputy Commander
for Aerospace Systems, advised the Space Systems Divisiorn that the
", . . nucleus of a system program office [for large solids] be estab-

" lished at the earliest possible date. . . " Estes further commented
that the ". . . overall program to be conducted by the USAF may be
enlarged over that previously contemplated.”
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" require rather delicate gauging of the not-neces sarily-compatible interests
of the Air Force and the civilian space agency. At the same time the Air

- Force took the realistic view that endorsement of a solid boosted Titan II -
by the Rubel-McMillan group would s:Lgmflcantly improve Air Force chances
for securing a new booster as a back-up for the Dyna Soa.r and Apollo pro-
grams in the event Saturn development shOuld falter. In any case, Mclvhllan
was convmced that in these recommendat1ons there laya " . .. sens1b1e
approach for the Air Force to take,'" and energetlc development of the |
Titan II with first stage solid boosters seemed an avenue to realization .of
the Phoenix concept He urged the Air Force secretary to immediately - ‘

- request release of funds from the Department of Defense and to begin work

on solid boosters as the fnfst step in the development undertaking .40

While the Air Force was preparing to act on the assistant secretary's
recommendatmns , other related events were takmg place in Wa.shmgton
which markedly affected Air Force space vehicle development. During late
August and early September, actions involving space matters were pr1mar11y
direct‘ed to advancing the nation's lunar program .* But quietly pursuing
their own ways, scientific groups, busy in Washington during the summer of

1961, fma.lly tipped the scales toward a new launch vehlcle program.

' The fate of most studies was quiet oblivion in an obscure f11e not so
for three study reports wh1ch were subjected to the intensive review of the -
Director of Defense Researc:h and Engineering and his staff during the

summer of 1961 e These stud1es stlrnulated a thorough review of the

3k

An event somewhat outside the main stream of Titan III development

-~ yet to affect later disposition of ground elements of the system occured
on 24 August 1961. The vastness of the lunar undertaking and mammoth
size of the launching area and installations which would be required at
the Atlantic Missile Range required new Air Force and National Aero-
nautics and Space Administration support arrangements. To insure.
efficient handling of these and related matters, General B.A. Schriever
established a special steering group to prepare preliminary drafts of
proposed agreements_between the two organizations.

3
%

These were the Institute for Defense Analyses Report, "Study of
Standardized Spa.cecraft a.nd Launch Vehicles," dated June 1961;

' S , (Cont'd)



nation's military space requirements and presented, more than anything
else, ". .. the attractive potential of a standardized workhorse launch

vehicle based upon the Titan II vehicle."

" The cohcept_ appeared to be so well thought out and so operationally
attractive that Rubel, on 15 September 1961, instructed the Air Force to
furnish . . . further detailed studies of this standardized launch vehicle

e

which_ we should now call Titan III."

Air Force Report, "Standardized Launch Vehicles for Space Applica-
tions,'' undated but submitted 6 June 1961; and a report of the Ad Hoc
Committee for Standardized Workhorse Launch Vehicles, dated 18
August 1961. '

By no means an original designation. It had been used before, as

early as mid-1959, to indicate a vehicle conceived as a successor to

Titan II "with a capability of fulfilling the Saturn space mission."

Space Technology laboratories, as engineering contractor to the

ballistic missile development division, then projected a Titan III

vehicle as a "two stage 160-inch diameter non-cryogenic missile, and
" the Centaur as the third stage." :
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CHAPTER 2

TITAN IIi:  VEHICLE FOR CHANGE

By September 1961 the Department of Defense had accépfed the cbncépt_
of creating a new launch vehicle‘ by combining th_e' Titan Il-~suitably modified-a-‘
with étrap-—-o_n solid rocket rhotors. Although the Air Force had reduced the

| concept f_o specifics of thrust and weight in orbit, and apparently believed
that such specifics had also been accepted (with appropriate alloWaﬁces |
for adjustiﬁg the system parameters as circumstances might later require},
there was a considerable gap between the Air Force appreciation of the -
si.tua.tion‘and the defense department viewpoint. Common ground included
the notion of a building block approach, the use of the two-stage Titan II,
-adoption. of an additional {final) stagé, and proirision of sf_rap-on solid fuel
rockets for first stage thrust'. augmentation. But whereas the Air Force 7
had generé.lly considered the objectiVe of system development to be place-
ment of 10,000 to 15,000 pounds in a 300-mile orbit, J. H. Rubel in his
15 September lettér to Air Force Assistant Secretary McMillan had identi-
fied a 25,000-pound payload for low orbits and a 3,500-pound payload for

Sa 24—hoﬁr orbit, The differences were significant. Equally imporiant
differences were later to become apparent, but for the moment the fact
of greatest meaning was that t}_iere'wlas agreement only on the most fund-a;-

‘mental items, ¥

* In his 15 September letter, Rubel suggested that Titan III could be
" assembled in four combinations, "AM through "D": a two-stage booster;
‘a twowstage booster plus a final stage; solid-fuel rockets plus a two-stage
booster; and solid-fuel rockets plus the two stage vehicle plus the upper
stage, In these various combinations the launch vehicle would have maxi-
mum flexibility for missions extending through the 25, 000 pound payload
.in low orbit and the 3, 500 pound payload in 24~hour orbit.



The favorable analysis which led to the 15 September decision also |
made inevitable a next step~~exhaustive examination of every aspect of

the Titan III proposal. !

 Rubel instructed the Aix Force to undertake ". .. a cofnprehensive

study of important aspects of this proposed Titan III vehicle system program
to pr0v1de essential technical and program information required for guiding
any future implementing decisions or actions. " Specifically, he wanted
answers to questions in four areas; what tasks would the Titan III perferm,
what details of its design would have an important bearing on its performance,
reliability and cost; what stfuctural modifications WOU,].Ci the Titan II have

to undergo and what would be the specifications for the solid propellant
motors? Finally, he urged ", L. a comprehensive development plan for

the standardized vehicle syetem should be set forth, together with a master
development schedule. " Development plans and schedules for each major
“building block and testing program were to be included in the overall plan
All of these development factors were to be run through a ". PERT type
~analysis to 1nsure that time-phased compatibility exists w1th all major
program elements " Estimated development costs for each of the building .
'blocks, in combination, and for the total program, were also included in

the study. Finally the Air Force was advised that "The possibility of
develo_p1ng the Titan III system or portions thereof on the basis of a fixed

price contract should be explored, w3

The completed study, even more detailed than a conventional system

ubell's desk on or before 6 October 1961,

o]
2o/

development plan, was io be on
It was already beyond mid-September. Assistant Secretary McMillan, in
"something of a prize understatement, said on 18 September that meeting

the 6 October target date ". . . will require an expedited effort on the part

of AFSC and the contractors involved. " In his forwarding letter to the
systems command, McMillan stressed the extreme importance of preparing
", .. the most comprehensive report possible in the time available, even
though certain detailed analyses may have to continue beyond this date. "
He also instructed the space division, which would be doing most of the

work, to emphasize that development of large size solid motors for the

#



Titan HI program would contribute significantly to solution of e'ngineering'
problems 'essocie.ted with the development of ", . . 1argei solid motors
ultimately required fo‘r‘ the NASlA lunar launch vehicles. " E‘lurthermore,.
the division was to emphé.'siz_-e that Titan II ground test and launch facilities
could be economically adapted to the ’I‘itan I pfogré.m. Netwithstanding |
these addltmnal suggestions, it was McMillan's final advice to treat the
Titan II1 studies as a "matter of extreme urgency" and to base the resulting

data on "the utmost objectivity, !

On 5 October, bound COpleS of the report, entitled "Titan III, Standardlzed
Space Launch Vehicle, " were on their way to Washington, Despite the haste
with which the work was completed, it was an excellent preliminary plan
for the large scale effort which Titan III development would require.* The
projected development schedule was extremely compressed. Assuming
promptapproval, it called for the first flights.of the standard core Titan III
in the summer of 1963 and a full scale flight with solid motors in J"ar.m.ary
1964, Although Titan III"developmeﬁt did not require' giant technical leaps
forward, one of the reasons for its seie'c_:tibn being its status as a largely
developed system, an immense volume of applied engineering would be

necessary

Cost estimates conta.med in the study were prepared hastily but com-

- plete development, production and launch, military constructlon, and modifi- .
cation of the Agena B upper stage was estimated to total $551. 729 million,

- Development alone, it was judged, Wouid cost $359.. 307 rnillio'n.’ Miiitery _

construction at the east and west coast missile ranges and test facili ties

s
b4

The study, referred to locally as the "Blue Book," contained an analysis
of the system's capabilities, descriptions of vehicle combinations using
solid motors and an Agena B upper stage, and a development and test plan.
Major General O.J. Ritland, Space Systems Division Commander, writing -
of the study, said that it was ". . . prepared in eleven days including two
week ends., Maximum use was made of our previous study data on standard
launching systems, our Dyna Soar Studies, and contractor data. It is a very
comprehensive report, and apprears to me to be well done, However,
extensive rechecking has not been accomplished. "

. e
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at Edwards Air Force Base were estimated at $56. 102 million. The

balance of the total was made up of production and launch costs.

But what of the capacity of the Air Force to conduct the development
program on schedule? Said Major General O.J. Ritland, space division
commander: "I believe that we should undertake the program on this
schedule ohly if we are given almost immediate approval (1 November is

' stated in the report), sweeping obligation authority, and management
freedom equal to or greater than now available under the 375 series regula~-
tions." Meanwhile, the division was preparing a plan for managing the

pro-posed development program, "within the SSD organizati_on. !

Early plannlng and ma.nagerlal actions were conducted on a high plane
of enthusiasm. On'9 and 10 October the division presented the proposed
program at Air Force headquarters staff and secretarial level and to the
office of the deputy director of defense engineeiing. At the same time
members of the division staff were preparing detailed listings of actions
to be taken between mid-October and 1 February 1962 if the Proposed
development schedule was approved In general, the listed.actions centered
on organizing a contractual program, The task of contractor selection--a
highly sensitive and invelved procedurc--was simplified in this instance
by selection of Titan II as the basic core of the new launch system. Thus
within the procedures controlling such arrangements, Martin Marietta
Company, Denver, Colorado, contractor for the Titan II airframe, .Woﬁld'
produce the 'I‘ita.n IIT core and Aerojet-General Corporation, Sacramento,
California, Titan II engine contractor , would develop and produce liquid
propulsion units for the Titan III system. In addition, equally important
procurement actions involving system integration, ground equipment,.
guidance and contrel, solid motors, design and installation of ground
facilities, and materiel supply were listed and scheduled. As pointed out
in the summary of actions to be taken, the first necessary move was to
obtain program approval and enough money to get the program started;

$12.580 million was needed by 1 November 1961 to make initial contractual

actions possible.



The systems command and the space di.vision were, of course, basing
Vtheiz'- plans on the assumption that program decﬁsion and funding actions
would be given the high i)riority handling demanded by the compressed
'dev-élopment schedule and the apparent significance of the program in the

nation's Qverall launch vehicle e_ffdrt_. It was also assurmed that the Air.
Force Systerns Command ahd the Space Systems Division would conduct

and manage the development pfogram with the concomitant responsibility

and authority such programs customarily entailed.

_-At'fhe time the division was hopefully briefing committees on the
proposed Titan LI program, during the second week in October, Rubel
completed an analysis which markedly affected the course of Titan III
developi'nent. The paper, actually a memorandum to fhe-,as sistant secre=
taries for research and developrﬁ_ent in the three military departments,
sef forth the objectives of good management and, by contrast, critically -
reviewed the methods and results of contemporary military.research and

.~ development pro-grams.

Rubel began with the important issue of shortening lead time, Lead
time was affected by contractor performaﬁce, he remarked, and by ". . .
‘administrative red tape and delayfs, by requirementé for ﬁnnecessary_ but
repetitive review inrseries with the chain of action, by unrealistic funding,

- by promising too much at the start, by permitting the constant introduction
of unnecessary changes, by failing to provide an adeQua.te supply of advance
technologies . .. and by numerous other factors as well. " Moreover, he
added, defense contracting procedures ofien resulted in increased costs

and wasted monéy, while enormous overruns often made it impossible to
plan with confidence for the future allocation of research and development
resources., These tendencies and trends established the necessity for strong

9

control and more accurate prediction of costs.

As a complication to the total prdblem of effective management, Rubel
observed, many large programs were started with totally inadequate pre- - =
liminary planning. The military service might accept a contractor's un-

realistic cost, schedule and performance figures as the service "position. "
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Although inadequate, these figures were often the only ones available on
which to formulate decisions, resulting in a serious eresion of confidence

in the planning process. "This process, and the abdicatioﬁ of responsibil-~

- ity that often abets it, needs to be changed," Rubel said. And this was net,
in Rubel's view, the only practice that needed changing. Contractor selec-
tion was awkard and unrealistic. New companies were given contracts just

a few months before. experienced companies ran out of work, "An enormous
amount of unnecessary time and effort is utterly wasted in the bidding process,
whlch.has grown to involve, routinely, the invitation of large groups to bid- |
ders briefings and the invitation and acceptance of formal bids in ridiculous
numbers," Furthermore, it was clear that.the cr1ter1a for selection stimu-
lated "brochuremanship" since defense contracting practices seemed to -
prove that" . ., radical promises have usually seemed to pay off better than
solid performance on current work., Thus is much of our finest'talent'

needlessly and harmfully diverted from sharp focus on tasks at hand."

There was also evideece of a great deal of inconipetence throughout the
entire management process. Said Rubel: "We have not created a situation
which discourages uﬁwanted changes and encourages people-at all levels to
keep their eye on the ball," Our designs are ". . . characteristically over-
embelhshed over- comphcated over-refined, and correspondingly less
useful and more costly largely, if not always exclusively, through the
aggregation of 'improvements.' "

The direction of Rubel's criticism demanded reforms. There was &

need to Y.

. . define more accurately the nature of our undertakings, and to
match our maﬁagement policies and procedures to the job we are trying to
do." Much more efficient contracting practices, more fixed price contract-
ing, and improved use of cost accounting methods were essential. Finally,

.it was of vital importance to ". . . establish more carefully the phases that
make up a major development effort, to describe how the decision points
are defined, who -has the authority to make major decisions at these points

and to match the definitions with the appropriate corresponding manage-

ment measurement and control mechanisms."



In such a management climate the Air Force was attempting to secure
approval for starting the largest and'n;xost important rocket development
: ‘piro'gr'am undertaken within the defense de'p.artme_nt since the beginning of
‘the accelerated ballistic missile effort, seven years earlier. Not that the
shortcomings of the past had -gone- unrecognized within the Air Force. For -
nearly two years, starting in the spring of 1959, the Anderson Committee,
a special group of Air Force general officers concerned with research,
development, procurement and production had wrestled with the problem
of how best to ‘o'rganize to cope with theintracicies of space age technology.
Prom.pted'in paft by the as signmenf. of near-total militai"y space program
respon51b111ty to the Air Force and in part by pressure from 1rnpa.t1ent
Kennedy Administration defense appointees, a select group in the Pentagon
had c_ar'fied through a massive functional realignment of Air Force materiel
responsibilities in April 1961. Its chief product was the Air Force Systems
Command, created by a combination of the original Air Research and
7>Development Command of 1951 with proc-urement and production functions
~ earlier assigned to the Air Maférial Command--which had now become the
Air Force Logistic Command., In the view of General Schriever, who headed
the new systems command, the orgamzatlon had to be oriented to take
'advantage of all measures which would enhance management of the systems '
acquisition process, be1ng partlc:ularly concerned with ;mprovement of

planning, research, development, test, and en‘gineefing responsibilities. H

" In the case of Titan 111, the first hlnt that. radlcally new procedures
‘mlght be instituted came with a request to "define" the program. (To some
extent, innovations had been anticipated but there was no sure knowledge
of their scope.) The concept which later came to be called "program

definition" had first been defined on 4 QOctober 1961, when the office of

% Standing alone, program definition was by no means a revolutionary
approach. The Air Force had practiced variations on the theme for
some years. Such major programs-as Dyna Soar, the B-70, and
even Minuteman had been preceded by months (even years) of study
and preliminary planning. The Skybolt program, which began its
development phase in May 1959, was the first in which certain prac-

_tices were used which the defense engineering office later adopted as

{Cont'd)



delfens'e engineering approved development of a standardized Agena upper
‘stage. This was also the first time that a "Phase I" effort was made a
 formal requirement of a develbpment program. This first phase effort--

' Rubel a few days later cited this definition as applicable to, Titan IIl---was
to Be aimed at ". .. establishing, with considerably greater confidence,

the feasibility of accomplishing what is claimed, and establishing organ-
izational and procedural mechanisms for better insuring that we achieve

the desired results in accordance with plan." This meant, in effect, that
the contractor had to produce a preliminary design of the standardized
vehicie in.sufficient detail to accurately forecast what the costs would be and
assure that a multitude of late changes would not be necessary. Finally,
the preliminary work should validate the speciﬁc requirement for the devel-

opment program.

: “The first official response to the detailed Titan III proposals presented in
) Washington on 9 and 10 October was surprisingly prompt. On 13 October 1961,
~Rubel instructed McMillan ". .. to set in motion on an expedited basis the.
actions necessary to move rapidly into a Phase 1 effort which may lead to
the development of a family of launch vehicles based on the Titan IIT,
Rubel felt that the Air Force had done an excellent job. Although additional
action would have to ﬁrecede authorization for system developrh_ent, Rubel
said the Air Force could expect its proposal ". . . will be approved by this
office when. . . received."” Rubel also explained what was really wanted in
the Titan ITT Phase I effort (citing the definition of Phase I in his 4 October 1961
memorandum on a Standardized Agena}. 13
During the Phase I period, the principal preiiminary design efforts
needed to solidify understanding and to define the scope of the under-
taking with much greater accuracy will be required. At the end of
the Phase 1 period the principal areas of technical risk should be

identifiable and the undertakings necessary to give a high confid-
_ence of success should be laid out. It should be possible to specify

essentials of a new development approach. These included use of the
period between source selection and contractual commitment to study
design, technical problems, future operations, cost effectiveness and
development planning schedules. This period was also useful to pre-
pare for negotiation of definitized fixed cost or incentive type contracts--
an innovation that was not too clearly worked out until Titan III devel-
opment permitted its application.




what is wanted with considerabie precision, It should be possible to
‘estimate the scope of the program with improved accuracy and con--
. fidence. It should be possible to define a set of development principles

that will not change during the life of the program so that continuity

‘and focused effort may be assured. If these and other conditions

can be met, we may proceed with the development effort. If they

‘cannot be, We will terminate our efforts at the end of the Phase

period. :

Al'ghough it was anticipated that Phase I would end about 1 February 1962,
. the memorandum emphasized--for the second time--that early effort directed
'toward"program_ definition and schedule profection would not commit funds and
resources to the project unless all technical and managerial uncertainties were
. resolved satiéfactorily T.h'e Air Force was also enjoined to establish a strong
Titan III project: organlza.tlon and to place every facet of the development
~ undertaking--including solid motors, ground equipment, and launch facilities~~
under the authority of the program office. 14

Rubel's office, .alrea.dy c_orﬁi’nitted to deep involvement in every aspect

of the program, anticipated formidable problems, particularly in "interface"
areas of Titan II and the Titan I upper ,stage.. He emphasized that it would '
also be necessary for the Air Force project office to insist that 'maj_or con-
tractors set up separate and strong centralized project-type organizations

to work exclusnrely on Titan III development and productlon He also

_p01nted out tha.t the. Air Force prograrn office should estabhsh appropriate.

management me_chamsmsr“. . . such as PERT, accounting centers, accountlng
and auditing practices. . . during this Phase I period," and warned that the
adequacy of these management arrangements would be a " major con-

sideration in granting and withholding project approval following Phase 1.

It seemed fair to conclude from these statements that the ultimate fate of
Titan III rested not-on mi_lité.ry neces‘_s.ity alone but rather on a favorable
evaluation of the Phase I effort and the acceptability of the Titan IIIl manage-
ment structure to Rubel's group. The Air Force, undoubtedly sensitive to
the de’gree of Departmenf of Defense concern with minute aspects of the
program, could sense that program management would not conform to con-
vention. Nonetheless, Rubel was moved to tell McMillian, "The 'excellent

work and cooperation of yeur staff and all Air Force elements that have been



1nvolved over a period of many months is very much appreciated,” 15

On 20 October 1961 General B. A, Schriever instructed Major General
0. J. Ritland, space division commander, to establish a strong Titan III
project organization. Schrlever foresaw that the importance of the project
and its compressed schedule would demand a management arrangement with
", . . positive authority over all elements of the vehicle development "
During the interim period, as various organizational and administrative
matters were resolved and manpower was sorted out, Titan 111 affairs were

_ handled by people in the division's booster development directorate, the

solid motor office established in early July. and fhe Dyﬂa Soar directorate.

‘But the temporary lack of a formal program office did not delay T1tan III
‘actions. The most urgent activity in late October was preparation of con-
tractor work statements covering preliminary definition studies of the
upcloming program. Use of a modified Martin Titan II ballistic missile as
" the core of the Titan IIIl system meant that preparation of launch complex
design criteria, prehmmary azrframe design and advanced planning studies
wouldbe the respons ibility of the Martin Marietta Corpo rationat Denver. Aerojet-
General, developer and producer of the Titan Il propulsion system was
' sollc1ted to prepare propulslon system studles for the Titen. III system. Final
issue of formal work statements for Phase I solid motor and guidan'ce_ studies
was delayed pendmg assurance that the program would be approved for -
development, However, contractor selection was to move forward rapldly
The division set in motion procedures to select a solid motor development
contractor--possibly the second most important elément in the entire
program. By 1 November requests for proposals were being prepared and
Aerospace Corporation was ready to furnish formal system engineering

and technical direction to the new development effort. 11

But there was an obstacle. The $12.580 million needed by 1 November
was not yet available. This was the total estimated oad 11 October and still
lconsidered_ as the amount necessary to complete the first phase by
1 February 1962. The division, not anxious to start the program by missing

its first milestone date, asked command headquarters to intervene to hasten



allocation of Titan III funds. The division message was forwarded to Air
Force headquarters on 3 November. As matters turned out, division
anxiety lest it miss the approved program '"kick-off" date proved to be

18
premature.

"Higher issues involving Titan 1II, considered at the working level to
be _safeljf resolved, emeérged again on the Washington scene for review and
discussion. ' Since early July 1961, the Large Launch Vehicle Planning
Group, under the leadership of Dr, N, E, Golovin, had been studying the

reié.tionship of launch vehicle system' developrment requirements to long

range space goals and programs. The Golovin Commiittee, early in November, .

recomrhended developmenf of the Titan III as the vehicle most satisfactory
~for carr;}ing out post-1963 booster assignments for the defense depé.r'tment
and as a back-up for-the_ISPace agency's moon .proegram-. However, this
recommendation wé,s. overtake'n .e_ither by events or by after-—thoughts. At a
luncheon meeting on 16 N_overhber 1961, attended by high level.representatives
of the Department of Defense aﬁd the civilian space agé‘ncy,* those pre'sént
agreed to recall the Golovin committee to again study the = "Composition 'o_f
the long term National Launéh'Vehicle progr_afn with particular emphasis u;ﬁon
the role of Titan III in that program, based upon thorough assessment of the

performance potential and schedules of all vehicles actively considered.”lg -

Seamans and Rubel 'were.as‘si'gﬁed mutual re_épbnsibility for the prepar-
ation of the study, which was to be analyzed and approved by the whole
committee before its formal release. It would appear that at this point the
Titan III program was actually suspended, a situation brought about by the -
absence of a "satisfactory resQlutibn" of NASA and DOD \;iewpoints on
whether there was indeed a valild requirement' for Titan III. Thus the reason

for passing the 1 November starting date and continued delaYs through

ale
n

Present were R. 5. McNamara, Seci‘eta.ry of Defense; R. L. Gilpatrick,.
Deputy Secretary of Defense; J.E. Webb, Administrator of the National.
Aeronautics and Space Administration; Dr. R. C. Seamans, Associate
Administrator; Dr. H. Brown, Director of Defense Research and
Engineering; J, H. Rubel, Deputy Director of Defense Research and
Engineering; and Dr, J.V, Charyk, Undersecretary of the Air Force.



November became cl_ear..' If matters proceeded to an agreement with the
civilian space agency, the project WOuid be funded to the extent necessary
", .. to allow the issuance of Requests for Proposals for essential parts of
this procurement. " Happily for the future of the Titan III program, the un-
certainty was ended on 5 becember when the Golovin committee agreed that
Titan III was essential to post-1965 space vehicle requirements. In effect.,
the National Aeronautics and Space Administration conceded the necessity
for going ahead with the development of a 1a.unéh vehicle which would fill

the performance gap between Atlas-Centaur and the spacé agency's Saturn IB

1I-aoc:» ster, 20

With affirmation of a national requirement for the Titan III launch
vehicle, on 11 December 1961 the division received $1.150 million to fund
the initial Titan III contractual effort plus $600,000 for solid motor studies: '

and $250,000 to start-architectural and engineering facilities design work. el

As these events were taking pl_ace, the space division was completihg
preparations to establish a stroﬁg'_(.some't_imes described as "autonomous")
program management office. On 27 November 1961 Gener.azl Ritland named
Colonel Joseph S. Bley:mai-e-r, an officer with extensive experience in mana'ge-
ment of missile and spa<-:e programs, to be the system programr director.
There followed selection of ‘e'ngineeri'ng and technical specialists from the
booster devel’opmenﬁ direct.orate, the solid motor office and the Dyna Soar
directprate to man the 624A System Program Office, which began its official

life on 15 December 196 1. 2% |

Colonel Bleymaier and the program office staff immediately plunged into
the work of budget planning, institutionalizing a ﬁanagement system, eval-
uating advance briefings, and taking care of a host of accessory details. The
most immediate concern of the program office was to start the contractors

on their preliminary studies ™™ This was accomplished without undue difficulty

Designated' as the Space Booster Building Block Program 624A, on
31 November 1961,

More detailed information on cbntracting is contained in Chapter 4.



by 1ssu1ng fixed fee study contracts covering Phase I objectives. Of more

' concern was the problem of contract ‘definition, on which the start of actual

‘hardware development and production hinged. “In this connectlon, Alr Force
Assistant Secretary J. S. Imirie pointed out that the Titan II program was
"o regarded by Messrs Rubel and Morris, wlth,S_ecretary McN_amara 5
concurrence, as an experiment to pave the_wary toward improved manage -

ment of future DOD development-production projects of this nature."

The particular focue of this eéxperiment was to-be on contracting pro-
c:edures, a procurement function normally hedged about with elaborate
7procedu‘ral 'safegoards - This painstaking process was the occasion for a
Washlngton vigit, .on 30 November and } December 1961, of Colonel L. F.
Ayres, Colonel Bleymaler s deputy for solld motor development Colonel
Avyers described the division's solid motor procurement plan to General.
Schriever, key members of the Air Staff, Dr. J.V. Charyk,. Mr. Max
Golden, Air Force Chief Co-ﬁnsei, and Imirie.: They agreed that their best
approach wes to limit requests for proposels to firms recommended by the
source selection board and to award a cost plus fixed fee contract. On 1
December the _procuremerit plan was presented to Rubel and the resulting
discussion centered on the purpose and substance of requests for proposals,
It prompted & more de.tailed_Rubel _mem_oranddrn to the Air Force fi{}e days
_later-arrd marked arlother major turmng point in the evolution of the Titan III

program,
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" in Doc Vol.

Ltr, Col R. Nudenberg, Dir Space Programs, to Gen B, A, Schriever,
13 Nov 1961, in Hq AFSC files; memo, Imirie, to C/S, 4 Dec 1961,
subj: Titan III; MFR, Col L, F. Avyers, Asst Dep, Solid Motor Dev,

12 Dec 1961, SubJ Report on Briefings on RFP for Large Solid Motor
for Titan III, in Doc Vol.



CHAPT ER 3

PHASE I: ISSUES AND PROBLEMS

The 1 December 1961 meeting of -Air Force representa.twes with
J.H. Rubel engendered ideas which, ‘in the1r application, brought about far
réaching changes in Department of Defense procurement p011c1es The primary
concept with which all agreed was that the Air Force should make every
effort to sign final contracts as soon as p0551b1e It was at this point that
departures from the ”normal" research and development contractmg pro—r

cedures became apparerit.

The Department of Defense, in the person of Rubel, decided that all
the "ground rules and objectives" 'of the contractual development should .
be stated before requests for proposals were issued to contractors. - The
, 1nstrument of this new approach was to be the work statement. Research
and development work statements dealt in large part with indefinite quant1t1es
_.so they were to dlstlngulsh between "definable," "uncertain," and "unkown"
tasks for which cost estlmates were to be obtained. Other specific instruc-
-tions on the preparatmn of requests for proposals made the new pohcy
clear--they had to be written to assure early ndefinitization" and "to make
sure that definitization of the bulk of the job is not held uf) because a rela;f-
tively small part ... cannot be fully specified at the start.“‘ Moreover,' :
Rubel w1shed to insure that requests for proposals emphas1zed the need for
adequacy of contractor management efforts. Proposals would have to
include reportring and scheduling techniques, organizational arrangement,
cost accounting systems, and a declaration that the contract.or would modify
his accounting system to comply with government requirements, making
it easier to move from a cost plus fixed fee contract to an incentive or a

fixed price -agreement.



One important key in- this new ma.nagement approach was a r.equirement
for positive assurances that the contractor would establish a "PERT" system,
‘As then env1s1oned the Department of Defense, aided by the de51gnated "PERT"
inana..gérnent firm, would establish. three closely linked complimentary networks.
At the topmost rung would be the network in the Office of the Secretary of
Defense, to assist in " ... decision making, monitoring and controlling
the program ... " A second connected network would perform similar
~ functions at the level of the Air Force .system program office and the third
network would cover the internal operations of the Titan III contractors.
Like other ideas 1ntroduced into the request for proposal work statements,
this elaborate concept represented a marked deviation from converntional
contracting procedures. Finally, Rubel emphasized that the 1 February 1962
deadline for completion of Phase I was not inviolable. "It is more important
to do this job right than to do it in any one particular week, " Rubel said,
As a parting admonition he forbadé the Air Force to issue requests for pro-
posals until the modifications and actions " ., . which étem from the meeting
and from th1s memorandum, have been accompllshed ‘It is requested that |

these be re_v1ewed with me heifore R_FP‘S are sent out.

The task of revising work statements became, in -fact,: a review of the
entire contracting effort involved in the Titan III program. Through early
December 1961 it absorbed the time and tal_ents' of many people including
General B, A. Schriever, Major General J. R. Holzapple, Assistant Deputy
Chief of Staff, Systems and Logistics, at Air Force headquarters, members
of their respective staffs, Assistant Secretary of the Air Force for
" Materiel J. 5. Imirie and Secretary of the Air Force E. M. Zuckert. As the
Air Force approved various changes they were to be forwarded to Rubel and
to the Assistant Secretary of Defense, Installation and Logistics, T.D. Morris,
for their endorsement before being issued. It was anticipated that this in-

volved process of coordination would take up most of the month of December.

Despite the snail-like course of certain aspects of the program there
were signs of encouraging progress during December. On the 13th
Harold Brown, director of the defense engineering office, released his

approval of fiscal 1962 research, development, test and evaluation funding



for the Titan III program "subject to the availability of funds." A total of

$7.8 million of $15 million requested fo.r- work on the Titan III core and $17.5
.million for developmént of 120-inch diam.e'ter soiid motors, against $50
million requested, was'appfoved. A fund of $1.28 millibn was also set aside-
for design of grbund facilities. As suggested in Brown's qualifying statement,
however, approving these ceiling totals and actualiy finding and a.llocatiﬁg

the money were two distihct and widely separated actions. 4

- Brown advised the Air Force that in addition to the definitive studies
currently underway--a study of compatibiliﬁy of the Standardized Agena D
with Titan III and a study of an integrate‘d-trénsfer-!aunch facility for the |
Pacific Missile Range--the Phase I effort should be further expan&ed by
studying a plan to insure cofnpatibility of Titan III with the Centaur upper
sta.ge'. Also the study of the launch Vcomp‘rl_ex concept should encompass a

", .. analysis

similar installation at the Atlantic Missile Range and include an
of the need for these facilities a._is well as the details of their construction. . . "
Furthermore, Brown added, any changes in the Pha se I study program or |
1n its funding V'requ,irement_s or " any other modification as may be
necessary to assutre a comprehensive Phase I effort," were to be submitted

to Brown's office for approval by 28 December 1961, >

By the end of.Décember the request for proposals covering solid pro-
pellants had'satisfied_alli reviewers and, by 3 January I9l62, following
final consultation with top echelons of Air Force management, it was approved
for release.® It set the pattern for all major Titan III contracting, including
use of the cost-plus-incentive fee c'o'ntract_s. (in Iate 1961 the defense enginé-
~ ering office had suggested that the solid propellant contract might be the
occasion for use of an incentive type contract.) It was now apparent that the
1 February 1962 date for completion of Phase I was unrealistic, and there
were no seismic c'onsequences when the Air Force suggested a 15 March 1962

completion date,

Thomas D, Morris, Assistant Secretary of Defense, Installations and
Logistics, approved the solid propellant request for proposals from con-
tractors on 24 January 1962, subject to approval by the Department of
the Air Force--which, of course, had already been given.



Assistant Sec reta’.fy Im’i"rie cited late release and general inadequacy of
funding as the chief causes of pro-gra.m delay but beneath Imirie's surface
ana.lysm could be discerned more fundamental issues. Political cbnsiderations
which affected the recommendatlons of the Golovin committee as well as the
fervor of the defense engineering office for using Titan III as a vehicle for
management reform were certainly causes of Phase I delay. Uncertalnty
concerning the relationship of Titan IIT to Mercury II (later Gemini), con-
sideration of possible upper stages other than the Agena, and irresolution
in the matter of Dyna Soar requirements also inhibited program progress.
Futhermore, lack of funds seemed certain to delay the schedule by at least
six to nine months. That circum-sténce had an effect less than two weeks
after Imirie stated his vi'ews to the Department of Defense; he advised the
defense engineering offme that because of continued funding delays Phase I

would not be completed until 30 Aprll 1962. é

Nevertheless, certain essential procurement activities did move forward.
The Aerospace Corporation Titan III team, established on 1 December 1961
under the direction of Dr. D. A, Dooley, accelerated its effort in system
engineering and technical direction aspects and during January, Martin and
Aerojet-General began work on architectural-engineering design studies.
‘Preparation of the "PERT II' cost network proved to be more complex than
originally surmised, but in mid-January Operations Research Incorporated
produced a contractual exhibit describing the fnethodology of the system
based upon cost estimating and contractor data gathering by activity (as '
opposed to task or project grouping). Through January and early February
contractor cost projections were analyzed and compared, networks were
reviewed, and contractor "PERT“ capabilities assessed as a part of the
source selec-tion procedure. As this phase of the work continued into
Februafy it became apparént that establishing such an elaborate cost sys-
tem as had been contemplated wbuld cost more than any realistic appraisal

of its potential value warranted.



7 Happily, more positive evidence of pro_.gr'a.m adyaneementIWas demon-
strated. as contra.cts were.let to Martin Ma-rietta Corpora.-tion and Aerojet
General Corporatlon as well as to architectural and engineering firms who
would design a solid motor development test complex at Edwards Air Force
Base and an integrate-transfer-launch complex at the Atlantic Missile Range.
C_ertain-technical_ problems demanded immediate attention. For one, it was
apparent that the Agena space vehicle W_ould require appreciable modification
to qualify as a Titan I system component. Not only would its fuel capacity
‘have to be enlarged but there were enough additional problems of compati-
bility Wlth the ‘Titan III core to suggest that it would be more feasible and
"techmcally more sound to develop a new upper stage than to rede51gn the
Agena. By mid- December a thorough review of the problem was underway.
The upper-stage decision represented the first of several technical issues
wh1ch were later to become the subjects of review and investigation, not to

mentlon controversy, at all leve}.s of management

Study of probable. Tltan IIT mission ‘as signments h1gh11ghted the incom-
pat1b111ty of the Agena upper stage with booster performance requlrernents
“to the extent that complete redesign seemed necessary. In the face of this
: dlfflculty, technical judgement tended to favor development of an integrated
‘upper stage capable of both restart and prec1se navigation. On l9th Mazrch
1962, Dr., J.V. Charyk, for the Air Force, and J. H. Rubel, for the Depart~
meént of Defense, accepted the program office recommendations to develop
e‘new transtage and to eliminate further consideration of the Agena D as a

- Titan III component..'

- An even more crucial technical deci'sion involved selection of the Titan 111
guidance and control system. Basic Titan III development philosophy implied
a conservative 'approach to system acquisition.. Between October 1961 and
February 1962 the Aerospace Corporation conducted a thorough-s-tudy of Titan IIT
guidance performance accuracy and reliability requirements. Guidance
specialists concluded that no existing system was capable of satisfying the
requirements. The issue immediately became a matter of major concern

at all management levels,



In addition, in the early winter of 1961—1962, therelwere increasing

' —demandé on the Titan IIl program office to furnish reviews and briefings

‘to the defense é;igineering office and its scientific advisors. . Most were
designed to hasten the decision making process, though that goal proved

an illusion. General Schriever expressed concei*n over the unprecedented
externt and detail of information required in these reviews and the nature of
the decisions being withheld while the energies of those responsible for
p'rog'ram management were being consumed in the generation of volumes

of information for each succeeding managerial level. Despite the abundance
of techmical information, and contrary to reasonable expectations, decisions
on matters that had never been previously reviewed were withheld "for in-
ordinate lengths of time." indeed, more peoplre ét the defense department
staff level were "evaluating" Titan III program é.ctions than monitored the
program at sysfem command level, General Schriever protested at one
point that decisions were so often withheld that "while we are responsible
for performance schedules and costs, we are,g_'ra.dually losing the authority

that should éccompany this re spon's'ibility. 1

Despite--oxr perhaps because of--inhibiting constraints and attenuation

~ of the command's authority, the program continued to progress. A new and

of necessity flexible management philosophy evolved in the procerss. Technical
decisions were largely based on second generation missile technology suc-
cessfully demonstrated in the Titan II and Minuteman programs. The program
office resisted the temptation to adopt "second-and-a half or third generation
techniques." Hence the primary deirelop_ment emphasis was on reliability,
system simplicity, and conservative design. In Colonel Bieymaier‘s judgement,

that was how the program office had been instructed to proceed.

B Corﬁplicating the design development task were shifts in technical opinion
and emphasis which were often communicated to the division through informal
discussions and casual contacts with the defense engineering office. For ex-
ample, during December 1961 and January 1962,. the Titan III program office
was led to believe that the most important requirement for Titan III was to
achieve a core demonstration flight &uring -196.3, but the idea was then appar-

ently abandoned. During March and April the defense engineering office



B e_mp_hasi_’zed"vehicle capacity to plaée a minimum of 3,000 pounds in a
-'24-hovq.r equatorial orbit, a requirement that dictated major changes in the -

" design of the system, --Solid motors would have to be redesigned to five
éegment_s, although the division much preferred to start with a four segment
development, and a transtage with a 22,000 pound propéllant capacity became
EL program necessity. Such changes were introduced into the Proposed System
Package Plan schedule for submission by 30 April 196 2, a date marking the

£orma1 conclusion of the Phase I effort. 13

To compound the difficulties étteﬁdant_ on Sﬁpplyihgﬁ frequent and volum-
inous reports and 'brie-fings to Washingtdn the defense engineering office
announced, on 30 -March 1962, a plan for an independent technical review
and evaluation of the "Titan III Standardizea Workhorse Launch Vehicle
Program" by a technicalljr qualified group under the chairman.ship of
G. W. Brady of the Institute for Defense Analyses'.* This gr'oup was to
‘conduct its réview during April and to submit a report at approximately the

' time Phase' I was completed and the Titan III development plan submitted.
Panels were organized to analyze guidance and control, solid and liquid
propulsion, and vehicle design and performance. Tlie committee began its
wdrk on 4 April 1962, drawing the bulk of its information; naturally enough,
from the space div{sion, Aerospace Corporation, Martin Company and |
"such other organizationé as appropriate."” Requirements for presentations
and da'té. summaries, which had briefly subsided,. again inundated the Space

Systems ]Z)ii.r:lsion._14

On 5 .April,l962 Rubel proposed that, inasmuch as the Titan III vehicle
was not designed to meet the requirements of a particular mission but rather
to serve "the largest practical variety of suchmissions," the Air Force should
prepare a standardized launch vehicle requirement document which would

define and justify the various desired launch vehicle specifications based

Instructions at Titan I briefings in Washington during March revealed
that the Department of Defense and the Secretary of the Air Force plan-
ned additional detailed review of the 624A program. The division wearily
contended that such a review was unwaranted, but promised "on or

after 23 April 1962 to make material available to any cormmittee appoint-
ed for this purpose.”"

52 o | | -



on mission paylead needs and " . . . against which the Titan III development
program can be evaluated.! The report was to include a reasonably compre-
hensive survey of mission payloads for various projects, their orbital
characteristics, reliability and cost considerations, special req'uire‘ments

" of a military nature, and "man rating" needs. Rubel poinfed up the require-
ments problem by c:1t1ng missions which presented design contradictions.

He noted, for example, that while Dyna Soar might be better served by four |
segment solid rocket motors, the additional thrust prov1ded by five segments
was essential for 24-hour synchronous orbit systems Rubel was convinced
that a five segment development would, in the long run, furnish the maximum

1
degree of utility. > He was also v01c1ng, though dlscreetly, a degree of

pessimism concerning the future of Dyna Soar.

In some pa%t, Rubel's desires for the configuration of Titan 111 were
shaped by the convolutions of the Dyna Soar program. On 23 February 1962
Defense Secretary McNamara had formally terminated the suborbital aspects
of that development and had made the attainment of orbital flight its major
goal. More significantly, he insisted that Dyna Soar henceforth be treated
as a research program rather than a weapon prototype. The orbiting glider
thereupon became considerably less significant; indeed, its eventful demise
(which was delayed for another 21 months) probably dated from the
February 1962 decision--and if much of the Air Force refused to heed the

portents, Rubel had no such compunctions.

It proved quite 1mpose*.1ble to meet a 16 April deadline for general launch

~vehicle spec1£1ca,t10ns particularly when the guidelines remained a bit vague.
As for the five- segment motor, A551stant Secretary McMillian on 13 April

| pointed out to Rubel that the primary reason for emphasizing a four -segment

unit was to avoid taking on a high risk program early in the development,

even though all concerned conceded the ultimate desirability of the five-

segment version. 17

- Immediately thereafter, a member of the Air Staff who had apparently
" caught the implications of recent Dyna Soar decisions introduced a new word
of caution. In a note to General Schriever, Gieneral Holzapple suggested

that the 5ystems command evade commitment to a four-segment booster

PN .



because a Titan III so designed would be too closely tied to Dyna Soar. In-
stead, Holzapple suggested, the command should abandon its conservative
oﬁtlook and give greater consideration to endoréement of the five-segment.
altefnative. He also.cautioned against increasing the complexity of the-
transfiage'-desigr}_ -the final stageé_-without due regafd for probable con-

sequences.

General Holzapple was essentially urgin'g the systems command t;ﬁ : _
examine and weigh the hard facts of life which were inflﬁencing the attitudes .
of the Dir_ec.t'ora‘te of Defeﬁse R_e_searéh and Engi‘neering. He saw, perhaps
bec':'au.sAe_‘.he‘-was closer to the scené, that a rigid bond between Titan III and
Dyna Soar could cé,use the twlo.programs to collapse together if one were
sﬁf%ici_eﬁtly wealkened. -He a.‘lso-saw clear:ly that concessions to the airec-

torate outlook were inevitable, even if not abstractly desirable.

Basic problems of dollars in hand helped delay the program. Money
to fund Phase I studies was still allocated on a plecemeal basis. Suffmlent
money to support Phase I had been slated to be avallable 1 November 1961
Instead of the necessary $15 mllhon, $1 150 mllllon was released to the
" division on 8 December 19_6_1 and $6.650 million on 15 January 1962. On
15 March 1962 the Sy’stems Command stated a pressing requirement for an
additional $2.9 million to support the program through 10 May 1962. Not.
until 9 April however, did the defense engineering office release an additional

$1.9 million to bring the total amount of available Titan III funds to $9.7 million.'”

- Notwithstanding such technical and i‘na;na.gerié,l decision delays, the Pro-
posed System Package Plan was published on 30 April 1962. 1t repfesented
six months of intensive anaiysis and program planning, bringing together
vast quantities‘ of data and cost projectibns. The dbjectiveé assigned the
divisi’on-—-—establishiﬁg a _strong system program office, organizing and applying
appropriate management techniques, establishing a sound contractor structure
-(by requesting proposals based on detailed work statements) and preparing a
complete system package plan--had been.completed. The prog,rarn; office was
convinced that "Analysis has shown that the Titan III has wide mission appli-
cability and is in fact fundamental to the present and future military space

programs.,"” General Schriever urged Air Force headquarters to take



" vigorous action . . . to obtain the earliest approval from DOD in ordeér that

we may proceed with the development program.' v 20

With the completlon of Phase I the Air Force expected the Department of
Defense elther to reject the proposed program or approve it for development
and production. Immediately following the- 30 April 1962 submls sion date,
details of the proposed development plan were presented at command and Ailr
Force headquarterslevels.’ On 3 May the Air Force Deslgnated Systems Manage -
ment Group heard details of the proposed Titan IIi system --and endorsed the pro-
gramplan. On7MayDr. BrockwayMcMillan, AssistantSecretary of the Air
Force for Researchand Development, formally forwarded the proposed planfor
a "Standardized Speoe Launch Syetem (Titan III)” to tHe Director, Defense
Research and Engineering. On 11 May 1962, allowing a few days for study
_of the plan, the program was briefed to the director of the defense englneenng
office, Dr. Harold Brown, his deputy, J.H. Rubel, and Dr. L. L. Kavanau,

Special Assistant for Space.

The plan as presented contained a description of the syetem, its projected
development costs, and development and delivery schedules., It was described
as the product of the . ". . . most comprehensive advance development planning
effort ever undertaken by the Air Force ... " McMillian said the program was
basedon™ . . . -realis.tic cost estimates, reasonable schedules, and a firm’ fix
on technical problems, a program which will provide not only proven, reliable
hardware, but also the. facilities, operational capab111ty, and production ca-
pacity to put the system to work." Moreover, the assistant secretary reported
fhat the Air Force had opened preliminary negotiations with all development
and productioﬁ contfactors involved in the program except for t]oe solid motor
and transtage propulsion unit. He reiterated Air Force awareness that no

contracts were to be awarded until the development program was approved.

As then planned, the Titan III vehicle would have two four-segment solid
propellant motors (each containing approximately 400,000 pounds of propellant
and delivering over 900,000 pounds of thrust throughout a burning time of
approximately 105 seconds) attached one on each side of a Titan Il core. The
core would consist of a 430,000 pound thrust first stage, a second stage gen-

erating 100,000 pounds of thrust, and a transtage equipped with two 8,000 pound



‘thrusil: chambers. The plan proposed 17 test flights, _é_onstr’uéti_qg of a-rthzlee
pad integrated-transfer-launch facility at the Atlantic I;{Iis:sile Range and a

‘two pad integrated-transfer-launch complex.at thé Pacific Missile 'Ranﬁgé,. '
development of a new guidance system rather than use of "roff-the—shelfi' -
compohents, 12 flight tests with sol'i;i rhqtors in a four ségmeﬁt configuration,_.
a "Blue Suit" capability at both east and west coast test ranges, a malfunction
detection ‘sysfem to permit man-;rating',' and production for mission assign-' N
ménts. First launch of the Titan IIl core (deéignated Con_ﬁguratio:ﬁ A) was

' planned for 21 months after the development program started; the first complete
unit with solid motors {designated Configura.tion C} was scheduled eight months
later. Because the progra.m included some changeé and ad_ditic:)né to the plan
of October 1961, ah increase of $99.6 fnil_lion would be necessarjr over the
amount spec'ified in the President's budget for Titan III in fiscal 1963.

Military construction funds would alsoc have to be increased by $12.6 million
over the President's budget. All told, the development would cost $931.1
million, plus $161.745 million to finance construction of facilities at lthe
Atlantic and Pacific missile fanges and at Edwards Air '_Forc’e Base (the
rocket engine test gite). The-_increa'é-e-'would be partially offset, however,

by a reduction of $53. million in the a.nt_iciipa.ted cost of solid motor develop-
ment and $16 millien by elimination of Agena D procurement, 't.e st, and

ground equipment. 23

An important factor in under standing. the Ai’_r Force recommendation was

' the Dyna Soar program. The long thwarted Air Force desire for a manned
space system was éurrently focused on Dyna Soar--which had been in some

' Stage of proposal or developfnent for nealrly a decade. In the minds of
virtually all Air Force f)lanneré the two were linked, for better or for worse.
Dyna Soar was designed around Titan III (or an improved Titan II, at least)

and could only become a real manned spaée system if a p'roper booster were -
available. Such considerations almost certainly explained why the 3 May
meeting of the systems management group heard a proposal for a four-segment
motor and a relatively complex final sté.ge rather than the five-segment

simplified model Holzapple had urged and Rubel had virtually ordered, 24



If the final decision could not be pre..dic':ted in all its details, it was
cerf_ain at least that funding problems would be irnpofta_nt. While endorsing
system command recommenda.tiqné with relative enthusiasm, the Systems
Review Board had cautioned that if the Air Force had to fund the program
within earlier ceilings, a majbr reappraisal of schedules and development

25
consequences would be necessary.:

Meanwhile the division program office had slight opportunity to sit back
and wait for the fateful program decision. On the contrary, absence of a
Titan III verdict made it necessary to keep the Phasel effort alive until a
decision was reached., Then, if the pfogram were approv:_ed, it was apparent
that the perliod of transition from Phase I study contracts to Phase II devel-
opment and production contracts would be complicated and difficult. The con-
tractors had to be kept in a ready-to-go status without any Air Force commit-
mént to award a specific Phase II contfa.ct. Since the only solution was to
extend Phase I contracts, the division requested, on 10 May 1962, release of
sufficient funds to sustain the program " . .. on an interim level of effort
basis using current expenditufe rates." Applying this formula, beginning
15 May 1962 and every Itwo weeks thereafter, Martin would need $750,000 and
Aerojet would require $90,000. Aerospace Corporation would have to have -
$800,000 to keep staff paid and studies undlerway until i-July, when another _

$250,000 would be required to tlde the corporation over to 15 July. 26

if there had been any hope that satisfactory completion of Phase I would
alleviate the demand for_technlcal information, these hopes were dashed by
continued Washington requesté for additional technical data and briefing
reviews, Within a week after the program director had presented details
of the proposed development plan to the director of defense engineering and
his staff, additional information was requested on certain specific items in
the develdpment plan. In addition, the space division Was continuing prepara-

tion of an analysis of Titan III mission requirements requested by Rubel on
. 27 :
5 April.



Rubel, the father of the Phase I concept at least in thlS partlcular

: appllcatlon, prefaced certain uncornphmentary comments on the proposed
- plan with the note that he Was ", .. pleased with the amount_of effort which
went into Phase I and the extent of the technical analyses in his initial
evaluation of the T1tan 111 plan forwarded to the A551stant Secretary of the
Air Force for Research and Developrnent on 16 May, he criticized the system
package plan as not contamlng adequate technical information "in the report
form necessary to accomplish the DDR&E rev1ew " On the other hand, he
said, " I feel quite confident this data is in existence and can be supphed
on an expeditéd basis." The kind of additional information desired was an
illuminating commentary on the m_anagement philosophy pra_ctlced by the
defense englneerlng office. First, a complete description of Air Force
relationships with industrial orga.mzatlons involved in the Titan III program
and the role and functions of each organization including ". . . at least the
names of all senior superv1sory personnel to about three-levels below the
orgamzatlonal pro_}ect manager“ was desired. Second, more information
~on anticipated operatlons mission analysis and long range plans for using
Titan IIT was necessary. Third, additional c1v11 engineering information
covering "ITL' " at the two range 1ocat10ns was needed. Fourth much more
budget detail and financial information was requested “Finally, many more

technical details of the entire system were required. 28

The area in which the most marked difference of opinion continued to
ex1st was the yet unresoclved: questlon of the number of segments to use in the
solid motors Since the Air Force had not yet accepted the five segment
des1gn thesis, Rubel asked for a list of the program changes necessary if
. five segment motors with a burmng time of 120-seconds were selected. In
addition, he requested a technical analysis to support the Air Force opinion
that.a five segment development would result ina ". .. s1gn1f1cantly greater
risk than the presently planned two-step four and five segment development.”
Analytical transtage data of a more penetrating quality was to be forwarded
together with additional data on guidance system specifications. ‘Data from. past

guidance experience to measure and compare "advertised versus measured

results" was requested. The accuracy and l‘ellablllty’ of those components

58 -



constituting the proposed system--Space Technology Laboratories and
Arma were tentatively slated to develop an inertial guida.nce system--and
those already in use by the Titan II ballistic missile were to be included in
the submitted data. Also, "a description of the growth potential and product
improvement aséocia.ted with the subsys_tem should be included for program-
ming perspective." All of this additional information was to be made avail-

able by 23 May 1962, to " expedite.the DDR&E review a.ct:'to'ri.29

Although the defense ‘engineering office had been closely associated with
every step in Titan III development planning, certaln features of the program,
to the surprise of the Air Force, were being reexamlned from thelr beglnnlng

Interestingly enough, the gradually increasing costs projected for the total
program were not the cause; nobody important had as yet expressed any partic-
ular'concern about dollar totals. In the judgement of Assistant Secretary
McMillian, the compelling issue was vehicle performance. Since vii'fually

all aspects of vehicle performance had either been original with or spec1f- _
ically reviewed and approved by the defense englneerlng establishment, that
~development seemed a bit strange. And at that point in time (late May 196 2)
there was a sudden emphasis on speedy decisions--probably because the
defense engineefing staff was committed to complete its Titan III review, in
progress threughout May, and i:vresent an assessment- of the proposed pro-
gram to Secretary McNamara by 11 June. With less than two weeks remaining
before that deadline, there still were five principle areas of contention in which

the Air Force had to be prepared to advise McNamara. 3

Appalled program managers were discovering that at this late date there
were still high level disagreements on what Titan III was supposed to do.
Originally, in the glow of the universal "workhorse" concept, a Titan III
vehicle was envisioned which would loft payloads from 5,000 to 15,000 pounds
into low orbit and thrust lesser payloads into high orbits or on escape journeys.
But in May 1962 the adoption of certain favored ideas- -particularly the use of
storable fuel in the transtage rather than advanced high energy propellants,

a choice which would limit performance in the intermediate, high orbit, and
escape payload renge;—would limit Titan IIIA to putting only 6, 700 pounds into
low orbit.  Payload capacity would jump to 27,000 pounds in low orbit when
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solid motors were added to make up the Titan ITIIC configuration. Evén with
performance augmented by solid nﬁotor-s, Titan IIIC would be able to place
oniy 1,400 to 1,700 pounds of payioad in a 24-hour "synchronous orbit. Since
there was a good probability that many space missions in the future would be
in the 8,000 to 20,000 pound payload range, two basic issues were raised
dnew: ‘.how was this payload raﬁge to be accommodated, and did Titan III

indeed satisfy the concept of a standardized "workhorse" vehicle with a ten

year span of usefulness? 31

Intertwined with the overall problem of vehicle performance was the
continuing ci_ifficulty of choosing between the four and five segment solid
motors. . The Air Force was not opposed to an eventual five segment motor
if permitted to retain the four-segment development. Consideratidns of -
standardization and future performance ‘gro'wth favored a five segment motor
‘but technical design limitations of Dyna Soar--still the only specific mission
'tilen a.wé.iting the_ Titan IHI--required four segment, slow burning solid motors
unless costly ché.nges were introduced into the glider. As a way out of this
dilemma," McMillan requested that the Dyna Soar program'qfficé perform. a
detailed analysis of the c_onse'qﬁen‘ces of using the five segment motor, while
fhe'possibility of designing a greater degree of Dyna Soar compatibility into

a five segmented solid motor was also to be examined.’

_ Aﬁother troublgésome question was the design of the transtage. Since
franstage performance characteristics would directly affect payload weights
in the intermediate range the reasons for concentrated a.ttentio'n on this design
were understandable. Technical uncertainties involved such altfe.rnatives as
pump-fed versus pressure fed propﬁlsion system, size and capacity of the
stage, and the design engineering réquired to accomodate advanced high
energy propellants. Some key procufement questions also demanded
attention: should already developed Agena or Ablestar components be used
to build .the system, and if development were started from "scratch" what
contractor would be selected? To further cloud the problem, the scientific
advisor to the Air Force Deputy Chief of Staff, Systei‘ns and Log'istics,

H.J. Weigand, entered the fray with a suggestion that the transtage idea

proba.b.lf would be criticised by the civilian space agency as not entireiy
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satisfying the concept of a workhorse booster. He advised the Air Force to
examine the effect on costs and schedules of eliminating the transtage module
altogether. Desplte these contradictory voices--and there were probably
others--McMillan stated, hopefully, "We must objectively evaluate the alternative

approaches to the transtage development and assure ourselves of the proper

choice. "

An equally controversial and perhaps much more fundamental problem,
considering the far reaching issues involved, centered on the choice of the
Titan III guidance system. Although expert opinion Supported the ultimate
. need for a new guidance system, the basic question arose on the need for
starting its development at the inception of the program There was general
agreement that Titan III could get along for awhile --to exactly what extent or
for how long Wwas more debatable --on the Titan II guidance system already in
production. Its selection would offer the advantage of economy in the short
run and probably, With some modifications, it could guide payloads on less
sophisticated missions with adequate precision. By the last of May there
was evidence that these limited advantages were appealing to the defense

~ engineering office.

At this point, budget pressures became increasingly important in Titan I
planmng The Pacific Missile Range integrated- -transfer-launch facility, while
ultlmately essential to future Air Force space operatlons, became f1nanc1a11y
attractive because it might be postponed to relieve the strain on fiscal 1963
funding requirements. Since policy controversies, imponderables, and un-
certainties had become adjuncts of the program to a degree never before
experienced, McMillian concluded that wisdom would be better served if such

matters were referred to the serious personal attention of the senior mem-
bers of the Air Stafi. 34

While the Air Staff was preparing to wrestle with these problems, program
costs were becoming a larger problem than earlier judgment had predicted. To
forestall premature budgetary entrenchment of the defense engineering office
position before Titan III recommendations reached Secretary McNamara,

Undersecretary of the Air Force J, V. Charyk on 31 May 1962 advised the



defe.n'se en'g-inerering director that the Air Force was continuing to evaluate
certain critical elements of the program. ' "In the area of over-all costs,"

he néted, Ywe are endeavoring to determine an effective phasing of the pro-
gram elements that will a-cc:onip_li--sh our objéctives and yet minimize the funding
problems in FY 1963," Charyk added that the Air Force was also continuing

to 'a.SS.ess ", .. certain of the technical elements in the area of the solid motor |
devélopment, the transtage, and general vehicle performance to assure that
Titan III provides the most practical vehicle possible in meeting the future '
requirements of a st'andafdizedl launch vehicle." He ‘addéd that on 1] June

the Air Force would like to di‘scus's'possiblé program alternatives with the
director of defeﬁse e'ngineering. This was about the time the Secretary of

Defense was slated to complete- his assessment of the Titan IIT program.’

The determiined effort of the Air Force to get a hearing before Titan III
positions had thoroughly congealed was not entirely successful, although the .
11 June defen_sé engineering office presentation to the Secretary of Defense

was rescheduled for a later date.

Through the first two weeks of June there éccurecﬁ a series of Systems
Review Board aﬁd Designated Systems Management Group mestings, culmin-
ating in a conference of Air Force and defense engineering representatives
on 14 June. Discussions at that time went far to shape the final form and
charagtef qf the Titan III. Rubel, spokesma_th for the office of defense
engineering, again emphasized the overriding priority of heavy payload,
high orbit pé_rforrnanc’e. Even rno-i'erpositively than before, he maintain-ed that
there was no choice but to hold the design of the transtage to a configuration
which would put 3,200 poun‘ds-in a 24-hour orbit. Again he reiterated the basic

‘requirement for a five-segment motor.

It was clear from Rﬁbel's -stand Ith'at the compatibility of the Titan III
configuration with the existing requirements of Dyna Soar held second place,
at best, to the demand for a sysfem capable of placing very heavy payloads
in low orbit and substantial payloads in a 24-hour orbit--the "stationary"
orbit required for a satellite that would appéa.r to remain above one spot on
the earth. That priority ranking might not be palatable to the Air Force,

but there was no mistaking Rubel's fondness for it,
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Mr. Rubel was considerably less dogmatic in his opinion on the type of
guidance system essential to Titan III. He observed that the choice was a
technical matter properly within the decisio-n,resp‘ons_ibilities of the system
program office, a viewpoint which <\:ame as something of a surprise to the

program office and which proved, in any case, to be fleéting.

The spectre of money shortages haunted the 14 June meeting. Air _Force
representatives got the impression that an arbitrary funding ceiling might be
imposed--at a level below that on which schedules and work statements had
been predicted. If this occured it.could leave the program office in the highly
embarrassing position of appearing to have carried on prolonged negof:iati_ons'
with contractors in bad faith. So, although important decisions were made in
the 14th June meeting, it did not resolve all Titan III problems and it offered

a new area of concern to program management.

It becarhe obvious, following the 14 June meeting, that formal changes
would have tb be introduced into the pro-g_ram.* After two more weeks which
were presuma.bl;)r applied to additional review and study, defense engineering
unveiled several more decisions. Funding difficulties, rather thaﬁ technical
considerations, now seemed to condition the decisions and define the alter-
natives., There was at least a faint suggestion that delaying the start of the
program was being considered as one means of reducing fiscal 1963 funding
requiremeﬁts.

Whatever the presuppositions, the Air Force was instructed to make
several drastic program changes--which reoriented the entire program--as
a prerequisite to development approval. The first of these changes would

delay the start of "Blue Suit" training until after completion of the Phase II

wls
b

There is some evidence that formal documentation of changes the defense
engineering office wanted in the Titan III program were requested as early
as 28 May. In a 28 June memorandum from Harold Brown to Brockway
McMillan, reference was made to a letter dated 28 May, which requested
formal changes to the Titan III program. The 28th of May was the same
date on which the Air Force was mounting a strong effort to assure that
its viewpoint was adequately represented in the program assessment slated
to be presented to Secretary McNamara on 11 June. It seemed possible
that the Air Force presented its case to people who had already made

up their minds., _



vdevelopment effort. Second, reversing Rubel's stand of 14 June, his chlef

' ~ Harold Brown, ruled that Titan III was to use Titan II guidance with minimum
modifications. The other changes had all been pronounced during the 14 June

| meeting: anupper stage optlmlzed for 24 -hour orbit capab111ty, a controlmodule
(norma.lly a part of the transta.ge ‘but capable of separation) to be developed
as a separate sub- system, and the five- segment solid motor. .Finally,
only a minimum two-pad integrated-transfer~ launch complex would be con-
structed at the Atlantic Missile Range instead of the. three- pad complex the

. Air Force proposed. Mod1f1ca.t10ns to Pad 20—-8. Titan II test pad--were
approved however. The Air Force was 1nstructed to prepare all the program -
-documentatmn these cha.nges entailed and to submit them to the defense engine-

ering office as soon as possible,

Two months of dlscussmn study, and program review had passed since
30 April 1962--the completlon of Phase I. During those two months, the pro-
gram office had been thoroughly_ absorbed in main.ta'in_ing a viable effort poised
at the "starting line" for a signal to.begin.a.ctual development. Although the .
Air Force was advised frequen-tl'f enough to l‘rlasten‘its.wo'rk, Washington
authorities sometimes seemed utterly indifferent to the consequences-of their
own prodigal use of time. For exa,mple shortly after the Brady committee
submitted its 4 May report and an accompanylng series of "Whlte papers' to
the defense englneerlng office--papers which were not made available to the
Air Force--the committee was reconvened for another review of the Tlta.n 111
program, this time to report on major technica.l problems involved in the
development of the system. But the f1na1 report of the Brady committee,
submitted in early June, apparently was no more satisfactory than the initial
report, for later during June the technical staff of the defense engineering
office embarked on its own review of the Titan 1II program plan. The quantity
-of information prepared by the progrem office and brought to Washington had
now reached a total of some 1,650 charts and graphs supported by some 400
pages of technical discussion. In addition, the pro‘gr_a.m. office had also prepared
and submitted to the Washington engine'ering office a review report of Phase I,

Management Philosophy and Technical Approach, dated 9 June 1962. At the

. game time two other important documents were in preparation for later



publication: A Mission Analysis, forecasting potential requirements of the

Titan III system, and a Preliminary Operation Concept. 38

As program activity continued through May, June and ihto July, the
division had to obtain week by week funding to keép the program alive while
awaiting a Washington decision on Phase II. In early May the total Titan IIT
plan for fiscal 1963 was visibly wrenched by deletion of $50 million--a funds _
deficit which would inevitably have to be balanced by compressing expenditures
in later fiscal years. Submitted formally on 7 May, the change reduced
fiscal 1963 funding requirements to $279 million. On 4 June the defense
engineering office released $2.56 millioﬁ to.'car.ry the Titan III contractors
to 15 June and- on 21 June anoth‘er $2.74 million to keep Phase I work alive
until 15 July. By then it was a near certainty that Phase II could not start
by 1 July, which had the effect of lowering minimum requlrements for fiscal
1963 to $254 million. If delays continued after 1 July, program funding
requirements for fiscal 1963 would be reduced by roughly $20 million per
month. They would, of course, be increased as much or more in later years,
but this seemedrto cause little concern in the Pentagon. If contractual
inaction persisted into fiscal 1963, contract negotiations would encounter
mounting difficulties since the complex program .schedu_les would require

extensive revision. .

The new fiscal year opened without the Department of Defense approval
to move into the second phase of the program. On 7 July the Titan 111 _pro-
gram office began to act on the revised program--procurement of the five
segment motor, elimination of four segment motor tests, and completion of
design of a transtage with a 22,000~ pound propellant capacﬂ:y In Washington,
further details of the adjusted program were reviewed in a 13 July meeting
between Rubel, McMillan, Hozapple, and Major General J. G. Merrell, Air
Force Director of the Budget. The main subject of the meeting was money,
Funds available for Titan III during fiscal 1963 had now dwindled to $225 million.
And,‘ apart from other involvements, Titan III changes had a serious impact
on the Dyna Soar program. Studies had now confirmed the earlier Air Force
contention that the change to a five segment solid motor would require either

modification of the Dyna Soar orbital glider or re-activation of the four segment



motor program. In view of the rigidity of the defense engineering office stund
it was likely that Dyna Soar would be modified; either course would take moncy

~ that was not readily available;_40

On 19 July 1962 Secretary Zuckert signed the Titan III Program Change-

' Propo-sa,l; Thus the months of intense study and technical discussion over the

~ issues involved in Titan III program changes were ostensibly closed. But not
Vrr-entlrely, for at this juncture in the program another technical-management
crisis appeared. This centered on the final selection of a guxdance system,

a procedure that had already been underway for. several months. Negotlatlons :
had been conduc'rted with Space Technology Laboratories and Arma Corporation,
a joint venture in this instance, to develop a highly reliable advanced gruidance |
system. Discussions of contractual arrangements were then interrupted when
the defense engineering office took the position that the Titan II all-inertial
gnidance system Would probably perform well en‘o'u_gh for the time, and at a
great deal less cost, most assignments foreseen for the Titan III launch vehicle.
Negotiations with the two guidance contractors had to be suspended and the Air
Force was not able to proceed with any alternate procurement action until it

" had received further instructions.

By mid-Juljr, despite tne femaining uncertainties in the Titan III program,
Colonel Bleymaier's office was negotiating with contractors in a point by point
efforf to pioneer a relatively nnew medium of contractual understanding for
. research and development. T‘he instruments were cos‘t—plus-—incentive-fee'
contracts to become effective if and when epprové,l was received te proceed
 with the second phase of the program. By mid-July use of the "PERT"
management system, introduced into the Titan II program with such high
promise, .was reduced to those functions which it could perform best--scheduling
and cost estimating for contractor day to day performance, and furnishing data
to the central program office for overall "PERT-Cost" management of the total
program, At this level the program appeared to be most useful, even though it

played something less than the monumental role originally envisioned. 42
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Although it was beeomlng more probable that development of Tltan II1
would ultimately be approved, the program was still marking time on a week
to week basis. On 12 July the division appealed to command headquarters for
more money to keep the program going. At the same time a warning was issued
to contractors still on extended Phase I contracfs that they'were not to spend
any money in expectation of receiving a development contract. A total of
$2.168 million was requested to support the sustaining effort between 15 July
and 15 August. When received, these funds were applied to special Phase 1
studies, sfna.ll scale test work, preliminary transtage design, and guidance

system research.

On 16 July 1962 the defense engineering office teld the systems command
it would have to furnish additional justification for the Titan III system before
further action on the program could be aﬁproved. This time estimates of
Titan III production and operation costs, in c0nfigurations "A" and "C", were
rtequested. The Titan III program office furnished the information with an
understandable minimum of enthusiasm. Said Colonel Bleymaier, "We are
reluctant to submit data -according' to the format [requeste% inasmuch as that
implies adegree of precision and accuracy whichis not possible at this time. n44
'The relevance of the desired information to pending dec151ons was’ somewhat
obscure Furmshmg the information also posed the hazard ", .. that additional
hasty cost quotations w111 be inappropriately interpreted by comparison both
with actual experience on other systems and with the degree of completeness

4
and accuracy characteristic of 624A development cost estimates. n 45

. Later the same week the Pentagon forwarded a request for additional in-
formation on the status of teehnica.l specifications, work statemente, and
contract negotiations. Part of the request concerned a comparison of the

" . relative merits of the STL/Arma guidance system which had been
selected for development and an AC Spark Plug guidance system." The latter
system was becoming increasingly attractive to decision makers in the defense

engineering office even though they had been exhaustively briefed on the

% One Air Force spokesman went even further: ™. .. the improper use of
such hastily prepared estimates, more than any other factor, is believed
to account for the large program 'cost overruns' which are so deplored

publicly by DDR&E. "
L] e




requirement for selection of the more advanced system. By the fir‘s.t'_pa"rt‘of'
 August it was reasonably certain that the Titan II guidance system produced
by AC Spark Plug would be selected for Titan III use.

Significanf: as were the contractual innovations and engihee'ring questi'ohs,
they remained peripheral to the'central issue W;hich--although long since
thought res_olved--ob’étinately‘ refused to stay resolved. In early August the
-director of the defense engineering office questioned Colonel Bleymair
regarding the adequ'acy of the requifement for the Titan III standardized launch
system. It was difficult to understand the rationale for such a question at
that point in time--after some of the best scientific minds in the nation had
‘recommended its development, after eight months of intensive effort, and
following the expenditure of approximately $15 million on Phase I studies.. The
Air Force was also cautioned to avoid overruns and program iﬂippéges. Three
months had then passed since the formal .c'ompletion of Phase I, costs were
running approximately $2 million a_mo_nth,. and everything awaited a Departi’nent

of Defense decision to start Titan III hardware'deve_lopment.

On 10 August 1962, after extended a.n.d exhausting appraisals and re-
appréisals, the ultimate decision was faced. The deputy director of the
research la._nd eng.i'_neéring.ofﬁce_, J.H. Rubel, recommended to the Secretary '
of Defense that full scale &evelopment of Tita.ﬁ III be approved. Rubel explo'red
alternatives, weighed pofentié.l missions; described the Titan IIT syétem in

some detail, projected overall costs, reported the results of the Phase I

The Titan III program office was sorely disappointed by the selection .

of the Titan II guidance system. The decision's implications were clear:
elimination of 2 broad space mission spectrum, minimized flexibility
and growth potential, and ultimately a major guidance system block
change. It appeared that, to the defense engineering office, capability

to oppose the Russian space threat was secondary to developing the

Titan III as cheaply as possible: "The capability that the military is
attempting to convince the DDR&E we should be able to accomplish some .
four years from now is about equivalent to the capability the Russians '
are demonstrating in actuality as this paper is being written.”

{13 August 1962) _ : a
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approach, and made some subjeétive judgements. * Speciﬁcally, he recom-
mended a program to _¢ost $817 million, $750 million of which would be for
research, .development, and test. These funds would purchase development
of solid five-segment 120-inch motors, a liquid pfope‘lled center core con-
sisting of three stages and a control module, test facilities at Edwards Air
Force Base, and a two pad integrated-transfer-launch complex at Cape
Canaveral. Pad 20 at the Cape would be modi.fied and used for Configura-
tion A {core) launches. In addition, he recommended use of Air Force
funds originally slated for -devélopment of 1arge solid propéllant motors.
(Fiscal 1963 Titan III funds included $32.85 million carried over from the
fiscal 1962 solid motof development budget. Since it was necessary for the
Air Force to feprogram an additional $18.15 million to obtain sufficient
money for Titan III, he fecorhmended that this amount be taken from fiscal
1963 large solid motor development funds.) Finally, selected milestones
marking the development ﬁrogram were listed: a develop_mént engineering
| inspection, July 1963; first flight test launch, core ohly, May 1964; first
launch of a core plus solid motors, Jaﬁuary 1965; and the 17th and last
" flight test launch, March 1966. 47

The Air Force was pleased with the recommendation for decision, but it
was soon apparent that approfal of the development program did not imply
any easing of the defense enginée'ring office's intense interest in e{rery detail
of the undertaking. To begin with, the Air Force was instrudted to undertake
no majbr program effort until ". . . contracts are definitized or a level of

effort approval is obtained in writing from DDR&E." Major funds would not

Attested by this quotation: "If the PhaseI efforthad notbeenundertaken--
if, on the contrary, Air Force proposals of last fall had been accepted
and development begun on a large scale right away--it is certain that few
or none of these management innovations would have been made and it is
equally certain that design decisions that have been made during the past
eight months would have come in as major program change proposals
which would have cost many millions of dollars. If you approve the
Titan 1II Program as presented here, I estimate that the Phase 1 effort
will have saved at least $100 million simply by eliminating the need to
repeat design efforts initially aimed at design concepts which would later

have been changed."



be released except for obligatioﬁ a.ga.ins.t d_efi_niti.zed contracts. These were
unusual conditions since they required that all contraets, ihcluding their in-
centive plans ‘had to be completely negotlated and then reviewed by the
‘Department of Defnese prior to fund authorization and f1nal program "go
ahead." These strictures were confirmed by Secretary of Defense McNamara
" in his 16 August authorization to the Air Force to proceed with Titan III,
Furthermore, final program approval was made c_ont;ngent_on the defense
engineering office's review and acceptance of a revised Technical Develop-
ment Plan which was to inclu'.de detailed cost figﬁres and plans for fixed pl‘ice
procurement, This development plan was to be submitted to the defense

engineering office by 15 October 1962. 48

_Thus; before development could begin, the Titan III system program
office was confronted with two imh—le‘diafe derhands: complete definitization
of cbntra‘.cts already being 'negot_iated; and discontlnuing_elready well advanced
contract negotiations with Space Technology Laboratories--Arma Corporation..
AC Spark Plug, builder of the Titan II guidance system, was to supply mod-
ified inertial guidance units. Creating co-st' plus incentive fee definitized -
contracts that were meaningful, yet economically_ realistic,_ proved to be
a task requiring weeks of re_sear'cl'i and protracted negotiations. Surpris-
ingly, considering the complexity of the assignment, procurement specialists -
made relatively rapid progress in multi-million dollar negotiations with

Martin, Aerojet-General, and United Technology Corporation.

By mid-August, despite the absence of sole source justification, the
Space Systerms Division was preparing contractual documents necessary
for procurement of guidance equipment from AC Spark Plug. Detailed
analysis of the procurement problem opened a veritable Pandora's box
of technical questions: what performance specifications should be estab-
lished for the system? what specific modifications should be required for

particular components?® Decisions on these technically difficult questions.

" Preliminary assessment of these problem:s indicated that changes would
have to be made to the inertial measurement unit gimbal assembly to give
increased gimbal freedom on the azimuth, roll, and pitch gimbals; adding

slip rings on the inner and outer gimbal assemblies; changlng gimbal angle

X (Cont'd)
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had to precede preparetion of work statements and program definition. The
1ncred1b1e aspect of this activity was not that it continued, for it was normal
to any complex vehicle development project, but that higher headquarters

and the defense engineering office continued to be so deeply involved in

direction of these minute engineering details.

Notw1thstand1ng the guidance system difficulties and the complex contract
negotiations, by the last week in August the Titan III undertaking was apparently
moving ahead at all levels. A Space Systems Division Program 624A Config-
‘uration Control Board was establlshed and assigned the undramatic but crucial
rest‘)onsibility of approvmg or disapproving all requests for changes in the
overall system.® Also program definition efiort was far enough along to
permit accurate scheduling of remaining tasks so that existiﬁg Phase I con~
tracts would terminate on 31 October. As the tentative plan d‘é‘veloped there
appeared to be strong assurance that negotiation of definitive contracts for
Phase II development would be completed by mid- November. At that time,
all contracts--with the exeeptlon of that for the gu1dance system--would go
forward for approval at command ‘headquarters and final review by the Depart-

ment of Defense.

To cover the transition from Phase I to Phase II--a problem which was of
particular concern to the Air Force--the d1v151on proposed that all contractors
attempt a phased build- up from 1 September through 15 November 1962,
ordering long lead time items, taking care of critical program elements, and
managing an orderly manpower expansion. When the contractors had signed
their contracts, between 31 October and 15 November, full program "go-
ahead" would be authorized. Anticipatory costs would be authorized until
final approval of contracts was obtained. Admittedly, negotiating incentive
contracts on a tight schedule while keeping the program viable without obli-
gating the government before final approval by the Department of Defense

was a difficult task that required intricate timing.

pick oif assemblies to provide better gimbal angle quantization levels; and
modification of the computer capacity to furnish more discretes and to solve
explicit guidance equations.

Colonel J. Pellegrini, head of the 624A Program Requirements and Stand-
ardization Office, was appointed chairman of the board.
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If the plan was to be followed, ‘substantial amounts of money would be
needed. There were sufficient funds to extend Pha.se I contracts from 7
1 September through‘ 31 October but 1nter1rri "go-ahead" actions between
31 October and 30 November Would-require approximately $17.6 million. In
addition, an immediate release of $16.7 millioh in construction funds 'wa.s
necessary to meet scheduled advertising dates for award of Titan III facilities
construction. * If these c.ommitments could be honored by the close of Novem-
ber, the final FPhase I objective——é.ward of all major definitized contracts with

the exc eption- of guidance~-would have been attained.

Another ambiguity in the Titan III program remained. 'Depértment of
Defense instructions released in July 1962 required a delay in the start of
mili’tary operational training until completion of Phase II development. But
if military training was to begin immediately after oomoletion of Phase II it
Woul_d be necessary for the Air Training Command to take certain preliminary
actions early in the Phase II effort--actions whose costs so far had -not been
approved in the Titan III budget total. For e:‘-:amp]e 'é.lmostrwith the start of
Phase II, the quantity of manpower requ1red to operate the system and their '
Vnecessary level of training and skills would have toc be determined. Trainers
would have to be designed and their -procurement started if they were ta be
available by 19.6_6. * Through 1966 this pre-tra_.ining activit}'r would cost a total
of $15.22 million. Therefore the progrém office moved to include this fiscal
1963 and 1964 budgetary change among those actions whlch required approval

prior to the start of Phase IL 2

© Advertising dates for award of construction contracts: 23 August adver-
tisement of contract for the solid motor test complex facilities to be built
at Edwards Air Force Base; 27 August advertising for award of a modifi-
cation contract on Pad 20 at the Atlantic Missile Range; and 8 October
advertisement for a contract to prepare the construction site for the two
pad integrated-transfer-launch complex at the Atlantzc Missile Range.

Ant1c1pated expenditures by fiscal years: $1.26 million in 1963, $1.5
million in 1964, $7.71 million in 1965, and $4. 75 million in 1966
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The major energies of the program office were expended, during the fall
‘months of 1962, on myriad details and problems associated with "definitization”
of all contracts. One of the first significant events marking advance in this
phase of the program occured on 20 August 1962 when the Department of
Defense announced that the Martin Marietta Corporation had been selected as

' systems integration contractor for Titan III. 53

As a follow-up to this contract, which had been negotiated some weeks
before, Colonel Bleymaier instructed Martin and other Titan IIT major con-
tractors to prepare for formal cost negotiations,  cautioning that ', .. expedient

consummation is not only essential but mandatory." Furtherfﬂore, the con-
tractors were told that only by hastening final prqposai revisions and promptly
forwarding their data for audit and cost analysis could the procurement cycle
_be srhortened Department of Defense review speeded, and a final "go-ahead”

obtained for the program >4

So far the division plan for the orderly achlevement of signed contracts
by mid-November 1962 appeared to be dom.g well On 22 August the defense.
engineering office informed the Air Force that $15 million had been allocated
to the Titan III program. The Secretary of the Air Force promptly responded
' that the Air Force would need an additional $17.9 million to fund the program
through November. In any event, the $15 million provided for initial procure-
ment actions on long lead time items, response to any other crltlcal need and
“. . .an orderly manpower build up for all contractors." Specifically, the
division considered it a matter of sound management to permlt contractor
'purchase of raw mater:als to support tooling and fabrication of one set of
liquid engines, an engine frame, two solid motor cases and one motor nozzle
to get a head start on the program. 'The necessity of taking certain actions
before granting final approval to start Phase II was recoginized by the defense
engineering office and release of $15 million to the Alr Force was accepted

as sanction for these particular preliminary actions.

Unfortunately, at the same time the division was assuming release of
the $15 million implied tacit approval for preliminary Phase II actions,
Harold Brown explained to the Secretary of the Air Force why he was denying

any additional program funds until all contracts had been definitized and



reviewed by hlS office. Said Brown, in a statement which both criticis'éd and
praised the Air Force: ". .. increased eéxpenditure and further extension in
co'ntract definitization dates fnay‘repre'sent a sertious departﬁre from the-
: Tifa.n III program that the Air Force has so effectively and carefully pre--
pared durihg the past sevé‘fé.l months;” Brown was parficularly concerned
a.bdut spending too much fnoﬁey before the contracts were'approved and hence
weakening ". . . the ability of the Air Force t§ negotiate definitized contracts
on favorable terms." Moréover, the director felt that in the particular cir-
cumstances $17.9 million was too much for one month's work, He also felt
there had been excessive delay in negotiating' final contracts. In rebutting
an Air Force position, Brown maintained that the ekecution,of contracts was
never cd_ntingent on the prior release of government fu'n.ds' but only on the
existenc:‘e _éf,an authorized program. 'Fufthermore, the prolonged Air Force
contfact definition effort, along with the large funding request, represented 7
an inconsistency with the plans and approach so carefully followed during.
_'Phasé I. | _CQnélﬁded Brown: "Certainly both of us want to be satisfied that
the excellent échievements of the past nine months are not undermined and
that no change in the policies and approach formerly'agrée'd upoﬁ is
cént‘émplated. n56"

The pitfalls accbmpanying minute direction of a complex program from
a distant pinnacle continued to be appar.ent. Two days after Brown prbtestéd
Air Force plans for p"relimina.ry Phase II actions, Colonel Bleymaier met in
Washilngton with secretary Zuckert, undersecretary Charyk, General Schriever
and repre sentatives of the Air Staif.” - Zuckert immediately got to the point of
the meeting, citing the. memorandum from Dr. Brown in which the Air Force
was charged with actions inconsistent with agreed Phase I plans and objectives.

Colonel Bleymaier reviewed the background and reasoning which had guided

Others present at the meeting were Major General J, R. Hozapple,
Assistant Deputy Chief of Staff, Systems and Logistics; Brigadier
General R. D. Curtin, Director of Advanced Engineering;

Colonel H, W, Gainer, Systems and Logistics; and Colonel H. Dorfman,
Office of the Assistant Secretary of the Air Force for Research and
Development. : '



program office decisions and recommendations.™ Sufficient funds were
available to keep the Phase I effort going through 31 October. The é.dditiOnal
$15 million released in early September could not be used until all Phé.se 1
contracts had been defined and subsequently approved by the Departmeht of
Defense. But there was an added complication. The program office strongly
felt that using the new development money without additional approval and
funds for the start of scheduled construction of test and launch facilities would
be "‘highl;y undesirable and illogical." Furthermore, said Bleymaier, "l we
are to spend money for instrumentation, engine cases, etc.; without providing
[21] ehgine test facility for the firing of this equipment, then the two efforts
are not compatible, and consequentlf, program scheduling and milestones will
be impossible to meet." Zuckert agreed, calling the entire briefing Mogical

and acceptable.” 57

- The next day General Schriever, General Curtin, Colonel Gainer, and
Colonel Bleymaier met with Mr. J. H. Rubel, Dr. O. F. Schuette and _
Dr. L. L. Kavanau from the defense engineering office to discuss the Air Force
problem of contract definitization and disposition of funds, Colonel Bleymaier
pre sented the Air Force position, declaring at the outset that since the Air

Torce was apparently not reflecting the intent of defense department guidance,
|'58

", .. it was necessary that certain clarifications be reached.’

The Air Force frankly stated that it felt enmeshed in ill considered
strictures which had the effect of preventing an orderly start of the program.

Secretary McNamara had instructed the Air Force to prepare and submit

T

Colonel Bleymaier recalled a January 1962 Washington meeting attended
by J. H. Rubel, Deputy Director of Defense Research and Engineering, .
Mr. T.D. Morris, Assistant Secretary of Defense for Materiel, and
J.S. Imirie, Assistant Secretary of the Air Force for Materiel, to
review--for the third time-~the request for proposals from contractors
for development of large solid motors and consider the difficulties of
transition from Phase I to Phase II. The transition problem had been
discussed at length and ". . . an understanding of all concerned with
regard to the exact and precise approach . . . " to be taken by the Air
Force was defined. Bleymaier felt that his service had honored that
understanding.



a technical development plan a revised system package plan, and ' numeroue
other plans." In addition the Assmtant Secretary of. Defense (Comptroller)
-lwas to review the final contracts after they had been signed and prior to the’
release of any funds. Under these terms, the program was still in Phase I -
and could not proceed logically into Phase II. If the Air Force was not to
- proceed as it had planned., why had the defense engineering office released
$15 rﬁilliOn to the program? Rubel was aes_ured that Phase I contracts then
currently in effect with the Martin Company, Aerojet and United Technology 7
Corpo'r_al;ion could not be used fo L provide for fhe start or ac:complislﬁnent
of Phase II type t_asks.“l Since the .Air E‘oroe hed the $15 million, Bleymaier
wanted to apportion the funds to provide proper contractor manpower assignments
and to begin 'procurerh_ent of lo.ng lead time items needed to begin FPhase II

wh'erl'progr'am go-ahead was given

Rubel agreed that this was the proper course to follow. He agreed that
' as contracts were signed he would immediately authorize the Comptroller to
release the needed funds for the balance of fiscal 1963. He disclaimed any

interest in the business of program management at that point in time.

After Rubel left the meeting, 'di's.cu-ssio-n continued to range over the central
issues--when could Phase II actually start? What did program "go-ahead" '
really mean? Colonel Bleymaier said he favored October as the starting mionth
if the $15 mllllon could be used and military construction money could be
released to start the facilitiessprogram. Dr. L. L. Kavanau, in charge of
space development for the defense engineering office, thought this was a sat-

isfactory solution to the problem.

But no action was forthcoming. By the last week in September it was
apparent that a development directive was needed to get the program off

" Permission to use the $15 million for an orderly transition

"dead_ center.
into Phase II by 1 December was required, a.pproval and authority to ad-
vertise for construction work by 1 October was necessary, as was relief from’
the requirement that Assistant Secretary Imirie review and approve all pro-
posed incentive contracts. Imirie had already been briefed in detail on incen-
tive plans to be used in all major elerhente of the program. The program

office had concluded that Department of Defense review of all Titan III



‘the finalization of a master program schedule. '

specifications would cause indefinite postponement of the start of Phase II.

Finally, the program office wanted permission to allow anticipatory costs.
This long series of conditions represented sharpening contentration on a

problem not yet quite in focus.

Dr. Lawrence Kavanau visited.the space division on 27 September 1962

in an effort to clear up Titan III uncertainties. He eliminated a minor irritant

by approving of limited purpose military training as proposed by the program
office and then devoted his attention to contract problems and the complex of
actions scheduled prior to the formal start of Phase Il It was understood
that these included ". . . not only those stipulated bif the Secretary of Defense,
such as the revision of the program plans approval of system specifications
and submission of re_zliability and PERT plans, bat also other events such as

the release of facilities funds, the advertisement of construction work and
61

While the list of essential preliminaries to Phase II appeared to be

growing longer, the program office came up with a plan based on some

practical provisions. While Phase I contracts would expire on 31 October,
definitive incentive contracts would have been signed by the major contractors
and would requiré only administrative review and approval by mid-November.
Quite legally the contracting officer could date the contract back to the first
of November and authorize antiéipatory costs from that time forward. Thus
if the negotiations were concluded on schedule, contractors would be fully
covered during the transition from Phase I to Phase II. But any contractor
who was unwilling to agree on reasonable terms ran the risk of not being 7
reimbursed for costs incurred during the period of delay. In effect, th'ié
gave the'program director a convenient and powerful lever for insuring that

" .. 1in full accordance

definitive contracts were negotiated on schedule,
with the philosophy which has been so carefully developed during Phase I."
Anticipatory costs, of course, would be subjected to specific limitations and

conditions.

The plan called for start, during November, of a $14.5 million prograrh
which would allow individual contractors to establish a limited personnel

structure and to order long lead time items. An additional half million dollars



- would start AC Spark Plug en a Phase I guidance study for 60 days at $400,000,
- and the. Massachusetts Institﬁte of Techn_ol_ogy on a related study for $100,000.
An interesting a'spéct of the ‘p'len was that-No_vember would not be considered
the start of Phase Il but as a transition period from Phase I to Phase II. Thus.

December would mark the first month of the pro'gram_ and milestone events
~would be dated from -December; . For exarﬁple, the first configuration "A"
~ test flight would take place in the 21st month after December 1962. Colonel
| Bleymaier found further eneouragement in Kavanau‘e view that the defense
- engineering office would not attempt to review the fnultl volume mass of
technical spec:lflcatmns before granting program approval. In fact, Kavanau
agreed to M. .. limit the DDR&E requirements to the top system specifications;
the model specifications for the aiffra.me comia_onents and the system control

procedural documents 63

The division's plan for moving ahead was accepted by Alr Force head-

.qtiarters and the defense engmeermg office. Hence _the way,was clear for

the Air Force to issue, on -15,0ct'obe.r 1962, its most important Titan 111
document thus far, "System Program Directive for Titan 11l Space Booster,"
which c'on.firrhed At_he plan for d'evelopment of a two configuration booster vehicle
with a rhddified Titan II guidaﬁce system and launch facilities located at the
Atlantic Missile Range. The directive confirmed the 1 December 1962

"go- ahead" date for Phase Il and pr0v1ded that schedules were to be coordin-
ated with the Dyna Soar program-——the first approved payload for the new

launch vehicle.

_ Thus, the first of December rnlark_ed the formal beginning of.Phase 1I
of the Titan III program. All the major contracts, with the exception of
that for the guidaﬁce system, were sufficiently well "definitized" to assure

 a properly felicitous beginning of the development effort. Maj'o-f program
issues had apparently been resolved and, hopefully, contentious questions
or high level differences would not be permitted to vitiate management

~energies or further delay system development,

However, on 3 December 1962, Secretary of Defense R.S. McNamara
informed the Secretary of the Air Force that, "A number of questions have

been raised concerning the Titan III pro ram.‘.'65 Considering the histor
g progré g ‘ Yy



of the program thus far, that was a tame opening. The singular nature of

the event lay in the content of the gquestions, which had come out of a dis-
cussion with members. of the President's Scientific Advisory Committee.
‘The various quéries had been sorted into eight primary questions chiefly |
concerned with the requirements for and tehcnrical capabilitie’é of the Titan III,
"as it is presently conceived." In summary, the first thre_e-questions involved
Titan III mission payloads, and the next thfee concerned performance variables
affected by the presence or absence of solid motors and a comparison of these
~ variables with the Saturn C-1 launch vehicle under development by the civilian
space agency. The seventh question.suggesfed an alternative -c'onfiguration
and the eighth question was concerned Wi_th developm.ent and operational costs
‘as compared with similar costs projected for Saturn C- l.** The timing and ‘

substance of these qu'estions, when compared to the vast quantity of study

e
Ed

On 5 October 1962 the program office, experts from Aerospace Corporation,
and major Titan III contractors presented a detailed technical briefing to

the committee. In addition, J.H. Rubel briefed the committee on, "Why
Titan III?" As a result certain questions were again asked about the pro-
gram and comparative merits of various approaches--questions that had
‘been throughly explored months before. It was these questions, answered
_then in part by Rubel and Kavanau, for which McNamara now wanted
complete answers. '

ale wls
b

Briefly summarized the questions were as follows: (1) Will it take as
long or longer to develop Titan III payloads as to develop the Titan III
itself?. (2) If the answer is yes, what are payloads now and what will

they be in the near future? (3) What fraction of future payloads need the
instant launch of storable fuels as opposed to Saturn C-1 cryogenic fuel
type of operation? Why? To what degree? {(4) Compare reliability of
_Titan III and Saturn C-1. Compare the Titan III core alone; the Titan III
with solid motors. (5) What percentage of Titan III launches will be the
core only? Why would not 2 Titan Il or a Gemini Titan II do the job

just as well? (6) Why not have a larger core and eliminate the solid
rnotors for most launches? (7) What percentage of Titan 1II payloads will
be in the 15,000 to 25,000 pound low orbit? If the percentage is small

why not optimize the solid motors to hoist 15,000 pounds rather than

' 25,000 pounds in low orbit? (8) Specify total development costs foreseen
in the Titan III program. What are the cost differences between a Titan III
and a Saturn C-1 launch? Will the Air Force and its contractors state that
projected Titan IIl development costs will not be exceeded? If not, what
are the maximums? If the costs rise over those projected are the Air
“Force and its contractors willing to agree w. . . the Titan III development
program will be canceled?” ' :



S

' pr'eviously directed to analyses of the need for and technical characteristics
" of the Titan Il program, produced an air of unreahty It was cbvious that
considerations other than military requirements and identified natlonal space

objectives were once again influencing the course of the Titan III program,.

_ If the eight questions posed a .new threat to the existence of the program
it was potentially an expensive one, for the questions did not require reply
VU.Dtl]. 1 April 1963, by which time the Titan III program would have become
relatively costly to liquidate. In any case, of all the questions put to the
Air Force, McNamara considered the response to question eight, on total -
program costs, the mést éruéial. Going one step further, he asked the
Air Force to u, secﬁfe the written concurrence of all prime contractors

to the USAF response to this question. n67

The Air Force wastéd no time in érming itself for another semantic
skirmish. In early janﬁary 1963 arrangements were concluded with
R. C. Seamans, Associate Administrator of the National Aeronautiés and
Space Administration, ‘to obtain program and planning data from which
Man identification can be made of missions wherein the performance capa-
bilities of the Titan III might be apphcable " The Air Force also asked for
performance ‘cost, schedule and rehab111ty data on the Saturn C-1 and C- 1B
which would permlt ‘valid comparisons of the C-1 and the Titan III. A Titan III
Task -Grc_)up was appointed by the secretary--h_eaded by Major General R. J.
Friedman, 'D‘ire(ftox_' of Aérospé__xce Programs, Deputy Chief of Staff Programs
and Re»quirenﬁents, at Air Force headquartersﬂ The group began work dufing
December. Air Force headquarters was to define payloads, preparation of
costihg data was assigned to system command headquarters, and technical

comparisons were made by the Titan IIlI program office. 68

Thus 1963 began with another review of the Titan III program. Con-.
urrently, the defense department in mid-January began to examine Dyna
Soar, thé manned space glider project, and Gemini, the civilian space agency
program to develop parking orbit rendezvous techniques, to determine if
redundant military capabilities existed in the two programs. The same
purpos'e might also be diséerned in the "eight que_stiohs" and in a parallel

review of the Titan III program which McNamara planned for both Washington



and contractor installations at the earliest possible date. In particular, the
defense secretary expressed interest in a comparison of Titan IIT with alter-

native launch vehicles and in a detailed analysis of the costs and operating

advantages of each 69

By the end of Jahuary the task force was well on the way to completing
the "eight questions" assignment. The civilian space agency had reviewed
its probable mission requirements and had furnished the Air Force an

. . . L 0 .
analysis of using Titan IIl in its own programs, 7 The space agency held that

the Gemini and Apollo low orbit missions would be completed before Titan III

became operational. The ten flight Surveyor moon probe program, to begin
in late 1965 and continue through 1967, was scheduied to use the Atlas-Centaur
booster but might use a Titan IlI core with a high energy upper stage,

", . provided this is attractive with respect to cost and reliability.” Four
Mariner payloads, 550 to 1,500 pounds, programmed for Mars and Venus
during 1966 and 1967, might find Titan III a useful launch vehicle, Beyond
1967, additional payloads had not yet been defined with sufficient clarity ﬁo
predict their bdoster requirements. Predictably, the civilian space dgency

anticipated no overwhelming need for the Titan IiI. !

In addition to the Titan III "eight question"” assignment the command was
preparing for the simultaneous Department of Defense reviews of the Titan III,

Dyna Soar, and Gemini programs. It seemed probable that McNamara‘planned’

to decide "the goals, content, and scale of the DOD program to develop "build-

ing blocks' for future manned military space systems" on the basis of current
studies.  Air Forc.e. concern was clearly warranted; a decision once taken would
be difficult to alter; a negative finding would be impossiblé to reverse. There-
fore within the systems command, Major General O. J. Ritland, Deputy Com-
mander for Manned Space Flight, set about organizing a concerted effort by

the space division, the aeronautical division and command headquarters, to
prepare comprehensive, well knit responses at once. Regarding the assign-
ment ". . . as one %’,f,"the highest priority jobs facing the Command at this tire,"
General Ritland :directed the two development divisions to work together in
preparing a valid:comparison of Dyna Soar and Gemini. The work was to be

divided appropriately between the divisions to prke sent absolute and comparative

*



capabllltles in "factual and meamngful terms." For example, the role of a
‘ Gem1m Titan III combination in developmg techniques essentlal to such follow-
on systems as manned orbital space statlons and satellite mspectors was to be
empha51zed while the 1mportance of Dyna Soar's exclusive characteristic--
1ts capablllty of returning from orblt to a precise landing in the United States--
was to be stréssed. Other complex elements in the relationship of the three
programs were to be weighed and evaluated to assure a positive statement
of the nation's military interest and Air Force aims. The total study was

to be completed and presented at ¢emmand headquarters on 28 February 1963. 0z

While these activities were underway, preparations for S.ec_retaryh.
Mcnamara's review of Titan III were nearing c-orﬁpletion. A 30 January 1963
z;neetin_g'of_the Division Advisory Groﬁps,* subsidiary panéls of the Air Force

. Scientific Advisory Board, strongly endorsed development of the Titan III
system on. the grounds of operational simplicity and instant readiness. The
-group also cited Titan III's economic advantages--if more than 100 vehicles
were launched during its operatmnal life--as well as the realism of basing

the development on known and demonstrated technologies.

: Meanwhile, the "lei_ght questions" task group accepted the reports of the
"NASA - - -DOD Large Launch Vehicle Planning Group, published 1 February .
1962_and 24 September 1962. . . " as the doctrinal rationale for the Titan II1
system. The group also decided not to seek formal coordination'of its repo‘ft
with the Launch Vehicle Panel of the Aeronautics and Astronautics Coordin-

, atmg Board before the report was submitted to the Secretary of Defense.

Rules and formats for comparing Titan III conflgura.tlons, costs and reli-
ability with Satufh C-1 were discussed and coordinated with the Secretary
of the Air Force, the Department of Defense, and officials of the civilian
space age-ncry. Every effort was made to iﬁclude technically accurate and

impartial answers to the secretary's questions.

The Division Advisory Groups--one each for the Space Systems and
Ballistic Systems Division--included such well known scientific and
- industrial leaders as Dr. Clark B. Millikan, Dr. Homer J. Stewart,
-Dr. Ernst H. Plesset, Dr. Gerald M. McDonnel, and General
Earle E. Partridge (Ret).



By 8 February the "eight questions" report wa.é ready in rough draﬁ
form for review by assistant secretary McMillan. This review, together
with McNamara'sr 19 January 1963 request for a ". . . comparison of Titan IIT
with alternative launch vehicles and a detailed analysis of the costs and
‘operating advantages of each . . . " had led to a "white paper" on program |
alternatives and a project review and data book. - These documents later _
appeared as volumes entitled "Relation of the Titan Il to the National Launch
Vehicle Program and Alternative Courses of Action," and the “Tltan 11
Project Review and Data Book" which, like the "Response to Questions . . .
-bore a publication date of 27 March 1963. Taken together,’ these documents
‘constituted a technically detailed account of every major aspect of the Titan III

program.

Concurrently, some loose eﬁds of the “eight questions" assignment were
. being taken care of. On 18 February 1963, General Schriever, as head of

- the systems command, asked each of the Titan III assoclate contractors for a
commitment not to exceed their programmed expenditures. This somewhat
odd procedure asking for letters Wthh would mean little or nothing con—- '
tractually, produced prompt and carefully phrased replies which reached the
desk of the Secretary of Defense by 15 March 1963 76 Whatever the con-
tractual implications, of course, McNamara had assurances that all con-

tractors were aware of the possible consequences of an overrun.

The task group response to the "eight questions“ and corollary reports
furnished by the Titan I1I program office were intended, hopefully, to establish
the position of the program firmly enough to discourage further attacks. Also
there was now available, in three carefully prepared volumés, an encyclopedic

source of Titan III information to answer questions still to come,.

Task group answers to the questions, giving due consideration to the risks
of abbreviation, may be summarized as follows: (1) In all probability it would
.take as long to deve-lop Titan III p.ayloads as it would to develop Titan IIL. The
Air Force termed this circumstance a benefit which contributed to full vehicle
standardization and sound management of payload development programs.

(2) In addition to Dyna Soar, the first planned payloads foreseen for Titan III



-wéfe space reconnais‘sance, con’;municatibn.s, military orbital developmentr
system, satellite inspectién and interception, surveillance and early warﬁing, :
and nuclear test detection (3) All payloads would benefit from the "greater
51mp11c1ty and hlgher rellab111ty of the Titan III final countdown .. ." as
" opposed to use of the Saturn C-1. (4} Avalla.ble data seemed to indicate that
Titan IIIC would be & llttle more reliable than Saturn C-1 (.89 to .84):
(5) Titan III third stage restart capability and a superior margin of performance-—-—
for example; its two-minute hold to launch for extended periods of time--
excluded the choiée of any other spéce vehicle for the vast majority of Titan IiI
'm,iss-ions. (6) If the core were fedesignéd to a largef size it would require
redesign of the whole system and eliminate economies as so_ciatea with the -
use of Titan II compohents. Neither would any oth-er ‘'system be compatible
with Dy'na Soar requirements. (7) An estimated 64 percent of all Titan III
payloads would be in excess of 15,000"p0un'ds. Redesign of solid motors to
smaller size would require an additional year of de*;relopment and reduce
Ovér-a].l performance of the system which might be of utﬁost’ importance at
-a liater time. (8) Total. development costs of the Titan III were estimated to
be $874 7 million. Including development costs and 50 launches per year
over a five year period, costs per vehicle would average $11 million per
launch. Saturn C-1 for the same period and number of vehicles would average -

$18.9 million per launch. &

It did not take long for the_rrepoi't to stir up more quesfions--and not
suz_'pr"isingly, strdng dissent. -“‘AN-Ieanwhile, -the three volu'mes including the
Air Force official responsé to the eight questions were forwarded, on |
8 April 1963, to the Secreta-.r*')r of Defense. The Secretary of the Air Force,
in a -léltter accompanying the volumes, used the occasion once again to
emphasize the need for sound financial support of the program. Said
Zuckert, ". .. it is my strong conviction that program funding should now
be iﬁcreased, in realistic é.nticipatiqn of unpredictable contingencies, from
the presently apprc;ved $808.3 million to $874.7 million, as recommended in.
the attached volumes." The secretary then concluded, "I will; therefore,
submit for your approval a PCP for the additional money to provide the

79

recommended RDT&E contingency funding level. "



Copies' of the three-volume set were sent to the White House Executive
Offlce for the use of the President's Scientific Advisory Committee. At least
one rnember Dr. N. E. Golovin, was conflrmed in his conviction that inas- .
much as Titan I development costs were essentially the same as those for
a new booster, Titan III should then be either smaller or larger than the
Saturn C-1., In any case, on 2 May, Golovin asked Dr. Q. F. Schuette,
defense engineering office, to furnish additional detailed cost comparisons
between Titan III and Saturn C-1--to be’ completed by the next day or two
but not later than "PM Monday, May 6."80 Lest the urgency of the request
‘be overlooked Roswell Gilpatric, Deputy Secretary of Defense, mstructed
Dr. L. L. Kavanau, in charge of space matters for the defense engineering
office, to prepare the information within the time requested. The systems
" command was little considered in this exchange although Kavanau coordinated

the draft of his reply with Major General R. J. Friedman, who had headed the
original "eight guestions" task group. In addition, within the followihg week,
the Air Staff and systems command headquarters assembled a more detailed
cost data report in the unlikely event that General Friedman might be solic~
ited for more information of the same sort. Hopefully, this would be the
final event in the unusual "questions" episode. Lest, however, there be a
relapse, the Air Staff systems booster office, directed by Colonel H. W. Gainer,
produced during the last of 1963 two relevant studies, "Titan III, Its Objectives,
Status and Merits as Compared With Saturn II (CIB)" and a draft paper for the -

|18 *

Secretary of Defense, "Titan III, Its Objectives and Merits.

But if the defense establishment seemed content with the "eight que stions"
report, the civilian space agency members of the Launch Vehicle Panel of
the Aeronautics and Astronautics Coordinating Board were not. They strongly

objected to Air Firce answers to ". . . Questions Numbered 3, 4, and 8a."

e
o

Curiously, although nearly every other Washington authority appeared

at sometime to be involved in Titan III reviews, the Joint Chiefs of Staff
never formally passed on the validity of the Titan III requirement. This
unusual omission may have been due to the status of Titan IIT as a non-
weapon system, or to the nature of the Joint Chiefs. In practice, the
Joint Chiefs were kept advised of Titan III developments through informal
channels.
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ANALYSIS- OF PHASES I AND II TITAN III DEVELOPMENT PROGRAM

Core and Integration
Liquid Engines
(Stages I and II)

Upper Stage Engine

" Solid Motors
Phase I

Reimbursements.

-.Subtotal _

Guidance , Including
Integration

TOTAL Major
Contractors

- Other R&D

' (SE/TD,
Propellant,
Transportation)

ECP's Increase’

TOTAL R&D

MCP
Adv. Planning .

Mil, Construction

TOTAL MCP

TOTAL

| January 1963

Present

SPO's request for relmbursement (not included in SPP)
% Preliminary estimate’

)

: SPO Recommen-
-PCP SPP Estimate Analysis dations
364.7  364.7 364.7 378.0
46.4  46.4 46.4 57.0
11.7 11.7 11.7 19.0
223.0  223.0 223.0 222.0
| 15.0%
645.8 645.8 660.8 676.0 660.8
51.5 51.5%%  86.0 82.5 - 86.0
697.3  697.3 746.8 758.5 746.8
48.2 - 48.2° 48.2 48.2 48.2
: : | 11.1 11.1
745.5 . 745.5 795.0 817.8 806.1
Q- 5.8 5.8 5.8 5.8
62.8  62.8 62.8 62.8 62.8
62.8 68.6 68.6 68.6 68.6
1 808.3  8l4.1 863.6 886.4 874.7

From: Report, Response to Questions Posed by the Secretary of Defense Per-
taining to the Titan III Program, 27 March 1963, prepared by
Titan IIT Task Group.
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Generally, the civiliari group took exception to adverse co—mparison'of the

. performance of Saturn C-1 with Tiﬁan IIt, The poiiit which generated the

: strohges_t response was the Air Force assertion that Titan III was more
reliable than Saturn C-1. 'Space agency spokesmen warml'y contended that
statistics were available which supported a contrary view, Moreover, in
'the opinion of space agency experts, cost comparisons of the two vehicles
were biased; they proposed an alternative cost-per-pound standard by which

Titan III Would emerge distinctly second best 82

The Air Force moved to reconcile these differences in views as rapidly
-as possible. General Schriever directed the Air Force Task Group which
had prepared the "Responses to Questions" to get together with the people
in the civilian space agehcy, ‘recognizing that there was room for adjustment.
On the matter of reliability, an uncertain speeies of prognosis at best,
Schriever said ". . . the DOD realizes and agrees with NASA that attention
to detail in the design, fabrication and operational use of the launch wvehicle
is fundamental to reliability." In the matter of costs, Schriever noted, the
Air Force had addressed itself to cost differentials in successful launches
'and saw no point to comparisons on a cost per pound ba51s # In the view-
point of the Space Systems Division, some of the counter arguments 1ntroduced

irrelevancies which only further confused cost calculation comparisons.

The matter was finally resolved by a relatively complex organizational
expedient. Dr. A.H. Flax and Mr. M. W, Rosen, representing the Air Force
and the civilian space agency respectively; and co-chajrmen of the Launch
Vehicle Panel, appointed Brigadier General J. S. Bleymaier, {(newly promoted},
Titan III program director, and Dr. H. Hall of the civilian space agency to
resolve their differences of fact or opinion and prepare a report for the panel'.
Their meetings during the month of July produced a paper of undei'standing.
The paper represented an adjustment of views which admitted that statistical
projections of reliability were far from absolute, thus removing any basic
differences in estimates of the reliability of the Saturn and Titan III vehicles,

and incidentally denying validity to both projections, impartially. It also
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One Air Force observer of this phase remarked: "What the hell are we
supposed to be buying, sliced liverwurst?"
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: recognieed that military requirements impose-d performance specifications
‘which could only be met by the Titan III space vehicle. The report was:

: accepted by the Aeronautics and Astronautics Coordinating Board at a
meetmg held 17 September 1963 thus bringing the whole matter to a bloodless

conclusion.

Through all this.furor, the beleaguered Titan III program office kept the
program meving on schedule. With the official start of P-ha.se I1 on 1 December
1962--elth0ugh formalities involving several of the major contracts were not
a.ctﬁelly concluded until well into 1963--a degree of stability was introduced
into th-e conduct of program affairs. Funding'requirrements could now be
proje'cted_with reasonable accuracy. Financial planning called for a total
expenditure of $814.1 million to develop .Titan III including $5.8 million for
advance pl_annirrg of military construction. Research, development, test
and evaluation would cost $745.5 million and military construction would

total $62.8 million. 85

The first Phase I1 budget allocation was ample enough to suggest the
era of”rnoney"' spoon feeding" wa.s over. On 30 November 1962, $100 million---
_ $22 million had earlier been approved--was made available from the approved
fiscal 1963 development fund total of $220 million. 86 This was sufficient to-
keep the program operating through April 1963 ‘On 1 April ‘the Air Force
requested the balance of the year's approved development funds be released--
$98 million remained--to fund the program untll fiscal 1964 budgetary allow-

7 ances would be available, estimated to be 20 September 1963. 87

 Funding, which had been proceeding smoothly eince the start of Phase 1I,
now became a critical element in the program. The Air Force was confronted
with the serious possibility that a lapse or restriction in processing fiscal
1964 funds would allow the "contractors an opportunity to void the tight con-

trols under the incentive clauses of the contract. L

At the same time the defense engineering office was reluctant to release
more funds until it had received the final Titan III Production Plan and a
"PERT System Document"” reporting the application of that device throughout

the program. Nevertheless, on 24 April, another $30 million was assigned to
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Titan 111 development. 89 Then, during‘May, the systems command, confronted-
by a financial emergency in the Minuteman program, obtalned approval from
the Secretary of Defense to reduce fiscal 1963 Titan III development funds to
$175 million in order to release some $45 million to the Minuteman effort.

On 26 June the final increment of the $175 millibn-—$23 million--was assigned
to Titan III. 90 Despite the late release of the remaining money, it v;ras possible
to commit $173.6 million to the contractual effort. And, in terms of money
“obligated, $148.5 million was so assigned of the total $175 million budgeted

to the fiscal 1963 development program. 91 |

B‘_ut of increasing concern to the Air F.orc.e was the mounting discrepancy
between the approved program--now ‘$?45.5 million for research and development
and the likely probability of an increased requirement. This discomfiting
possibility was brought forward .officially in the Air Force response to the
"eight questions." The approved financial plan did not allow for thé costs
arising from an extended delay in starting Phase II. Moreover, although
changes were few, those adopted entailed additional costs and there was no
provisioh_ for funding additive expenses which were not immediately identifi~ |
able but must reasonably be expected. 92 Sound judgment indicated that an
overall eight percent increase, an additional $60.6 miilibn, would eventually
be needed During July 1963 the Air Force submitted a funding change pro-

posal request:mg an increase. in total program expenditures by this amourit. 93

A financial analysis of the program in July 1963 revealed fiscal 1962
research and development expenditures of-$18..5 million and a militazry |
facilities construction cost of $16.7 million, for a $35.2 million total. The
fiscal 1963 budget for research and developmen_t was $175 million and military
construction was allocated $41.1 million for a total of $216.1 million--far less,
because of Phase II delay, than originally planned. Fiscal 1964 would see pro-
gram activity and supporting costs mount to $324.6 million and construction
costs decrease to a low of $5 million or a total planned expenditure of $329.6
million. Thereafter development costs WOuld decllne to program completion

schedule in early fiscal 1966. 94
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The money was beginnihg to p;roduc.e visible evidence of development.
pfogréss and management s"y-stems were beginning to function effectively.
" The Martin Compaﬁy, which held the largest and most important Titan III.
contract, was first to fully'éxploit "PERT" ma.nagerne-nt.:._techniquES.as a
tool for meeting its incentivé performance obligations. The first three
months of ij:s "PERT" operati’dn, -concluded in July, i.ndic-atéd that the system
could predict time and cost factors essential to remaining on sched_ulé. Other
major contractors werée also beginning operation of "PERT" networks intended
to enable the program office to determine the status. of every contractor and
. element of the program, The program office created an adjunct of the "PERT"™
_s'ystem'{vith the réther ponderous designation of "Schedule Interface Log."
_Like "PERT," the system used electronic data processing equipment to list
several thousand itérns and create a log which ". .. maintained and provided -
desc-ript.ive infoi-fnat_ion of schedule interfaces; cites need, promise, and
schedule dates, é.nd relates the information to specific activities. on PERT

networks n 95

Shortly after the beginning of Phase II the intricate tendrils of manage—
ment had reached out to offices, laboratories, and shops. -On 23 February
1963 the first 120 1nch single segment solld motor was successfully tested.
United Technology Corporation appeared to be rapldly advancing. in 1ts devel- -

- opment effort. By the close of March solid motor test facilities were under
construction at _Edwar-ds Air Force Base, California. Dredges and bulldozers
at Cape Cané.veral were préparing Titan III 1aunching sites. The Martin
Company s task of Titan IIl component engineering drawings was well under-
way and over a thousand hours of wind tunnel testlng had already been com-
pleted. Aerojet-General, Sacramento and Azusa divisions, was ‘embarked
on a strbngr engine development program for the three core stages, starting
with design work and preliminary testing. Design of the ground elements of
the system, using as'maﬁy Titan II components as possible, was moving
forﬁvard on schedule. | By mid-June fhe'program office had completed a draft
of the Titan III production plan. ' This plan, requested by Secretary of Defense

_ McNamara, detailed the transition from research and development to pro-
duction, outlined booster-user relationship procedures, the pi'ogra.mming and

funding concept to be applied, and the raw material resources essentialto a pro-
duction program.,
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Happ:.ly, the forward course of the program also included early test
success. On 18 June 1963, at the United Technology Center near Palo Alto,
California, the second single segment 120~inch motor was’ successfully fired.
But the greatest engineering triumph in the early program occured on
20 July 1963 with the firing of the first five-segment, full size, 250- ton
solid rocket motor to produce more than one million pounds of thrust. Three
days later Aerojet-General, Azusa, successfully demonstrated a long d_uration

firing of the transtage engine.::< These were significant and encouraging mile-

stones in Titan IIl development.

But, inevitably, as thé pfogram gained momentum, some difficulties

_ became apparent. Facilities construction fell behind schedule at Edwards

Air Force Base. Although core design and fabrication and solid motor
development were progressnlg on schedule, development of core first and second
stage engines was a source of concern. A major engineering problem loomed

in the continued extreme longitudinal oscillation difficulty first observed in
static and"ﬂi_ght.t'est operation of the Titan II weapon system. A shortage of
storable fuels became a potential threat to the p'rogram. And, apart from
specific énginee'ring, technical and procurement difficulties, the program

offlce suffered from fthe chronic complaint of the Space Systems Division--

a shortage of qualified personnel 98

The engine operated for four minutes and 44 seconds, during which it
was stopped and started three times. A more crucial test of restart
capability would be demonstrated later in a vacuum cell at Arnold
Engineering Development Center, Tullahoma, Tennessee.
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. CHAPTER 4

BUYING THE SYSTEM

From the beginning of the Titan IIl program it was apparent that certain
innovations would be introduced in the attempt to solve the basic problem of
every development effort--converting an advanced concept into the hardware

and facilities of an operational system at a reasonable cost.

One of the first fasks undertaken by the newly organized program office.
was to conduct an intensive study regarding the type of contr'ac_:t that should be
used in the Titan III undertaking: cost-plus -fixed -fee, fixed-price, fixed-
price -incentive -fee or cost-plus _incentive -fee. The study indicated that
cost-plus -incentive -fee contracts would best fulfill the program objectives,
although their application to large ;a‘_cale development contracts was largely a
step into the unknown. The Titan III_prograrh office, urged on by the Depart-’
ment of De_fense', began an intensive study of all elements invodlved inincentive
contracting. A‘lthéugh cpmplicated and dif_ficult to administer, contracts
providing incentives for aéhievefnent of reasonable goals --without too high a
risk for either pa.r,ty';--ha.d' advantages. All features were not happy, however,
since the difficult task of préparing -incentive contracts required months of

effort, a vast accumulationyof cost data, and protracted negotiations.1

The first and most ufgent contractual task confronting the program office
was to pfepare Phase I contracts covering the efforts to define the prbgram,
plan development, and .'project_ detailed costs. For the most part, fixed price
contracts were awarded to those contractors who possessed the capability to
_undertake Phase II hardware development but there was no commitment

beyond conclusion of the studies.

Martin Marietta Corporation

Since two of the basic elements in the Titan III system--the Titan II two-

stage "core" produced by Martin Marietta Corporation, Denver, Colorado,



" and its liquid fueled engines produced by Aerojet-General Corporation,
.'Sacrramento, California --were already developed, no involved contractor
selection procedures were necessary. The Air Force, on 25 October 1961,
asked the Martin Company to submit a proposal for a Titan III Phase I study
contract. The company responded on 2 January 1962 and was awarded a
cost-plus —fiked-fee contract, valued at $8,563,250, on 19 February 1962. As
Phase I was extended to the final cut-off date on 3] October 1962, the total
cost of Martin's Phase 1 contré.ct increased to_$14,754,250.* Martin also had
a fixed price contract coveringlte_st, stand and ground equipment design, valued

at $310,300 and awarded on 14 March 1962.2

On 10 March 1962, the Air Force invited Martin to propose Phase I
work to include design, development, fabrication and delivery of Titan III
standard cores,. system integratioﬁ, launch, and related services. Expec-
tations that Phase II would begin shortly following the scheduled close of
Phase I,- 30 April 1962, left little tirme for contract preparation and negotia -
tions although incentive fee contracts were of neceéssity complex legal instru-
ments. Agreements over a wide area of potential controversy were called: .
for but gradually certain provisions were worked out which became standard
practice in the Titan IIl program. A target cost was selected as the overall
cost of the confract on which incentives were calculated. If the contractor
successfully met all requirerhents —-which included cost reduction, establish-
ment of a sound "PERT" system, meeting qualificatién test and delivery
.schedules, and completing flight tests and milestone actions on time - -he
could increase his fee to a maximum of seven to fifteen percent of the target

cost. If he performed dismally, on the other hand, he could only earn a

afeube
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minimum one percent of the target costs.
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Generally, determination of incentive performance was left to an incentive
réview board. The parties to the contract maintained a detailed log of ali
events and data relevant to performance. Also both parties appointed repre-
sentatives to the review board. With the detailed facts available, in most in-
stances, it did not prove too difficult to arrive at a fair judgment of incentive

performance.



These arrangem_Ents and the development of cértain incentive concepts,
plus the addition and deletioi}' of work re'quiremeﬁts and other program
variables, caﬁsled the program office to issue a new proposal request to
Martin on 31 August 1962. After many c_onfe:t_'en'cési and r-eview;s, final con- |
tract negotiations started in mid -September 1962-. . On § October. Martin
‘offe'_red to develop the three stage core airframe and perform system inte-

R gratidn, launch and related services for a target cost of $395,208,086 and a
fee of $27,664,566, (equal to seven percent of the cost) a total of | _ '
$422,8?2,652. Then began an exhaustive series of price evaluations by the
Admi'nistrlative Contracting Office, ‘Air Force Auditor, the program offiée-—
including Aerospace _Corpo.ration.'eﬁgineering price épecialists --and the Air
Force Précurerhent officer Final negotiati—ons approached the scope of a
major confrontatlon between the glants of capital and labor. Between 29
October and 4 December 1962 as many as 75 contractor and 35 Air Force
people shared in the bargaining. The final result, for the Air Force, was’
worthwhile --a contract with a target cost of $285,042,298 and a target fee of
$_19,95.2,_960.* The contract was signed by late December, 'although it was
dated from 1 December, | and forwarded to command headquarters in early
January for final review and signature -prio.r tb its distribution on 1 March
1963._ The 'contract, in addition to system integration, test-__and 1aunching
‘services, included production of 17 Vco.res, assorted ground equipment and

four instrumentation vans, all to be completed by Septemb'er -1966.3

United Technology Corpo ration

The next largest contra_ct_, and the -most significant in terms of new tech-
nology, was negotiated with the United Technology Corporation, a subsidiary
created by United Aircraft Corporation to develop, test and produce large
solid propellant rocket motors. New facilities, named United Technology
Center, were located at Morgan Hill, near Palo Alto, California. Very early
in the Titan IIL progr_ani the Air Force recognized the valué of the nexﬁ company

in furthering large solid motor development.

ate
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On 6 November 1961 a solid propellant source selection board was estab-
lished at Space Systems Division to approve a work statement and select a
contractor, Board meetings during November produced a qualified bidders
llist_ and a decision to award a cost-plus-fixed-fee contract to the successful
‘bidder by 16 February 1962. In late 1961, however, the defense enginéering_
office instructed the division to set up a more comprehensive contractor
"PERT" systermn and suggested that this might be the occasion to introduce an
incentive type of contract. Reguests for _cdntractOr proposals were revised
accordingly and issued on 22 Janpuary 1962. The source selection board con- .
vened during March to consider proposals from Lockheed Propulsion Company,
: Thlokol Aerojet-General, United Techndibgy Corporation, Atlantic Research
Corporatlon, Hercules Powder Company, and Rocketdyne Division of North
American A,vlatlon. On 9 May 1962 the Air Force announced its intention of
negotiating with United Technology‘ Corporation for development of Titan IIT
large solid motors. Because much of the preliminary Phase I plannihg work
had already been completed by the Air Force and Aerospacé Corporaﬁién,
contract planning called for the start of solid propellant Phase II development
by 1 July--if program ai:;prOVal was forthcoming in tirne In mid-June
1nstruct10ns were issued to begin, instead, a Phase 1 study starting 1 July
and extending to 15 August at a cost of $7 85 000. Subsequent delays in start-
ing Phase 1I resulted in an extenstion of the Phase [ effort, first to 15 September
at an additional cdst of $564,000, and then to 31 Ogtober at a further additional
cost of $1,454,000. A total of $2,803,000 was thus expended on Phase I

planning studies for solid fuel rockets.4

During the months following the start of Phase I studies, a series of
contractual negotiations on price factors and incentive provisions resulted in
a combination cost-plus -fixed -fee and cost-plus-incentive-fee contract total -
ing $172,642,000." Of this amount $24,424,000 was a cost-plus -fixed-fee
contract for ground installations at Edwards Air Force Base and the Atlantic
Missile Range. The target cost of the development contract was $138,521, 000

with a maximum incentive fee of $20,778,150 for top performance and only

e
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$1,385,210 for the cdntractcr_ in case he faltered seriously.' The contract,
for the prod‘uction of 12 'pa,irs' of motors, became effective 1 November
although the contractor's signature was not affixed until 19 November and
-subsequent command approval and final distribution did not take place until
21 December 1962.°

Aerojet-General Corporation

Propulsion development constltuted ‘the next highest dollar volume-
'expendlture in the program although, with the exception of completely new -
‘engines on the third stage, the contractor only needed to improve the relia-
blllty and performance of existing Titan II first and second stage propulsion
units. A request for proposal for a Phase I study was forwarded to Aerojet-
‘General, Sacramento, on 6 Noyember 1961. The contract was awarded on.
7 February 1962 end by means of rei)eated exfensions ‘continued to 31 October
1962 at a total cost of $907,235 for planning every eleinent of design, per-
formance and production of first and second stage core engines. The engines
were already de_signed to use_'storable fuels —.-nitrogeﬁ tetroxide (NZO4) and a

50-50 mixture (by weight) of hydrazine and unsymmetrical dimethylhydrazine
(UDMH}—-but certain changes were to be introduced to 1mprove their per-
formance and reliability. A request for proposal for Phase II development
and production was issued to the compahy on IOVSepten.'lbei' 1962. | After pro-

- longed negotiations, the contractor signed the agreement on 23 January 1963.
The contract required Aerojet-General to produce 19 first and second stage
core engines at a target cost of $38,750,000 and a target fee of $2,712,500.—*
"The contract--scheduled for completion by 31 August 1966——wes finally
distributed on 20 March 1963, although it became effective on 1 November
1962.¢ 6

Aerbjet -General was also selected to develop and produce the propulsion
system for the third stage--for a time called the transtage. This was to be a

pressure fed engine, using the same fuels as the first two stages, with two

o
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gimbailed thrusf chambers producing 8,000 pounds of thrust each and capable-
of as many as threée starts in a six hour period. A board for evaluation an&
selection of the ‘Titan III third stage contractor was appomted 16 March 1962.
Requests for proposals were issued to qualified contractors in early April
and a bidders conference was convened on 16 April. Careful ‘evaluation of
all technical factors inveolved in the third stage eng.ine development, con.- 7
sideration of experience \r;fith storable fuel engines, and weighing the effect
of the interface with the existing program, led to the selection of Aerojet-
General, Azusa, Califofnia, as developer of the propulsion systermn. A

' Phase I contract valued at $348,200 was awarded tht_a_compaﬂy for work per-
formed between 17 July and 31 October 1962. A request for proposzl to
undertake Phase II development and production of the engines-\x}as is sﬁed to

' the company 10 September 1962. The contract for the production of 38
engines, signed by the contractor on 14 January 1963, was valued at
$.11,67.57,800. ‘The target cost was $10,912,000 and the target fee was
$763_,800, seven percent of the target cost. The fee ce111n_g wae established
at $1,309,440 and the minimum fee at $272,800. The contract, effective

1 November 1962, was distributed on 1 March 1963 and was scheduled for
completion by 31 August 1966. 7

Architectural -Engineering and Management Contracts -

At this point in the early months of the program several contracts were |
. awarded which, if relatively small, were nevertheless vital to the progress
of Titan III development. The most importént of these were awards to
architectural_—engineering.firms for design work on Titan II1 faciiities. Ori
1.3 March 1962 a contract was awarded to Aetron Division of Aerojet-General
to design test stands capable of checkiﬂg out mammoth solid motors {up to
1,500,000 pounds of thrust), a control center, and associated facilities to be

built at Edwards Air Force Base, California. This was a fixed price contract

o
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to cover work performed between 12 February and 10 October 1962 at a eost
of $651,400. * The lafgest ,con_tr-ac‘t for 'afchitectura'l—engineer'mg services was
awarded to Ralph M. Par'sons Company to furnish the necessary design and
'englneermg for modification of Complex 20 and a two pad integrated transfer
launch complex at the Atlantic Missile Range % The fixed price contract,
awarded on 28 March 1962 covereddeszgn work from 15 January 1962

through 23 February 1963 and it was then extended to August 1964 at a total
cost of $3, 497 986 ’ ' '

Once architectural - eng‘i'neering work was completed, major building
projects were started as qmckly as contractors could be selected and men
Vand machines put to work. Construction of the $8.2 million Edwards Air
Force Base Test Complex 1-36 was started on 1 December 1962 and scheduled
for completion in December 1963. Complex 20 at the Atlantic Missile Range
was modified between December 1962 and September 1963 at a cost of
$1 800,000. The integrated transfer launch facility was an undertaking of
such size that even the designs for the site were not completed until October
1962. The site was to be prepared by a combination of grading and dredging
fill from the bottom of the. Banana River. Site preparation--covered by a
$6,700,000 item in the $16.7 million total faeilities expenditure funded in
fiscal 1962--started in December 1962, was completed in June of 1963,
Design of the vastly compllcated launch facilities was not completed unt1l
- February 1963; construction, which was to last until August 1965, was
started a little over a month later. F1sca1 1963 expendltures presaging an
- all out assault on the Cape Cana.v'eral‘ co_nstructlon program, would total an

additional $41,100,000.
The final architectural-engineering fixed price contract during this phase

of the program was awarded to Stearns -Roger Manufacturing Company for

design of an integrated transfer.launch complex to be located at the Pacific
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Missile Range. The contract,™ dated 24 July 1962, covered work from 14
June 1962 through January 1963 at a cost of $146,42L. The small size of this
co_ntract——comparedrwith.'that awarded to Ralph M. Parsons Company, was
due to the relative simplicity of the design work involving preliminary engi-
neering planning and application of Atlantic Missile Range "ITL" designs to

~ the environment and terrain of the Pacific Missile Range.g-

In addition, a cost-plus-fixed-fee Contraot for $381,000 was awarded to
Operations Research Incorporated on 30 April 1962 in compensation for its
"PERT" work through fiscal 1963*% and another to Automated Information
Management Systems Incorporated to cover work invcolved in reducing
NMPERT" data submitted by the contractors, processmg the information
through a computer, and. producing meaningful data. ™ The $100,750 contract
was awarded in June 1962 to cover work performed through October 1963.
Finally, a cost-plus-fixed-fee contract was negotlated with Aerospace
Corporation, effective 1 December 1961, to furnish system engineering and
technical engineering direction to the program through fiscal 1962 at a cost
of $3,556,100,1° |

AC Spark Plug Guidance System Contract '

Acquisition of the Titan III guidance system emerged as a major con-
tractual difficulty involving wide ranging issues. The problem originated,
innocently enough, in the 1ntense effort of Space Systems Division to define
all aspects of the program in time to ‘meet the first Phase I deadline. Thus
between October 1961 and February 1962 the Aerospace Corporation studied

the Titan III guidance concept in light of the general performance reguirement
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postulated for the new space booster. The decision reached was that no ".

existing guidance system was éap'able of satisfying the requirement {including
the present Titan II ICBM guic'la.nce'sy‘stem) .+ ... " although the existing state
of guidance technology furnished a basis for rapidly developing a system to

"do the precise and demanding guidance job. 11

The program office then prepared the preliminary documents, keeping
in constant contact with the defense engineering office to obtain approval of
work statements, specifications, and the general approach to the problem.
These documents- Were approved by a source selection board on 9 February.
" and thereafter transmitted to qualified bidders. * After the proposals had’
been evaluated, the board's recommendation was forwarded through-chann'els',
culminating in a presentationto the Secretary and Undersecretary of the Air
'Force. The selection was reviewed By J. H. Rubel, deputy director of the
~defense engineering office, on 18 April 1962. In early May the space division
was authorized to start prelimiriary cj,orntract_ negotiations with Space Tech-

nology Laboratories for procﬁremen’c of their proposed system.

At that point the guidance soﬁrce selection board rather casually disclosed
its finding that development of a guidance system would be 2 24 to 27 month
job-'-déspitle prorhi'ses from all bidders to finish in 16 months. Confronted by
a re.quirement for early flight before the guidance system would be available,
the selection board recommended that Titan IIIA rely.for._the nonce on an
unmodified Titan II guidance system. This concept was included in the pro-
pose_(-ii'rsystem package plan approved by the Air Force Designated Systems
Management Group on 3 May 1962. | '

The first intimation that the defense engineering office might favor con-

tinued use of the Titan II guidance system came in a 16 May 1962 Rubel request

" The following firms were invited to submit bids: Autonetics Division
of North American Aviation; AC Spark Plug Division of General Motors;
‘General Precision, Incorporated; Hughes Aircraft Company; Litton
Systems, Incorporated; Lockheed Aircraft Corporation; Minneapolis-
Honeywell Regulator Company; Nortronics Division of Northrop Corp-
~oration; Radio Corporation of America; Defense Electronics Group;
Norden Division of United Aircraft Company; International Business
Machines; Space Technology Laboratories; and Sperry Rand Corporation.
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for additional data. The idea of sticking to the Titan II guida.nce system,
admlttedly less accurate, was again brought up by L. L. Kavanau of the defense

engineering office in May 1962. 14

In the next few weeks confusion became appare_nt. At the Washington
level there was increasing interest in changing to the Titan II guidance system--
yet there was no decision. On 28 June, ‘Harold Brown, director of the
defense engineering office, asked the Air Force to document certain changes
in the Titan III program, mentioning "The Phase II development utilizing
Titan II guidance system with minimum modiﬁcations .« « " without stating
that such an arrangement would displace the Space Technology Laboratories®
proposal.. 15 On 29 June, Brockway McMillan told the Alr Force Chief of
Staff". .. it is desirable to defer development of a new guidance sub-system
for the Titan III system " e added, “The program change proposal currently
being prepared for 624 A should, therefore, be revised to contain funds for
procurement and modification of Titan II guidance systems as originally

. planned for interim use. wl® Although not clearly 1dent1fy1ng which system
was being consuiered for long term use, McMillan's statement 1nd1ca.ted
that the decision to use modified Titan II guxdance might have had its origin
in & mlsunderstandmg of the orlglnal propos al of an interim measure.
Curiously, through the month of June, when deliberations over the choice of
a Titan III guidance system were most active; there was no evidence that the

‘views of the development command or the program office were solicited.

On 19 July the Air Force accepted a program change which directed use
~of Titan II guidance as an interim system but even yet the question was far
from resolved. Between 26 July and 17 August there occurred a series of

high level discussions and presentations on the subject. The niajor issue

was how much the AC Spark Plugall- inertial system would have to be modified
to perform "scaled down" Titan III mission assignments. At a 26 July meet-
ing in Los Angeles- -attended by McMillan, Bleymaier, Colonel F. M. Box
(head of the program's guidance development), and several Aerospace Corpora-
tion guidance engineers--the assistant secretary agreed to support sole source

procurement of the AC Spark Plug systerﬁ if that became the approved option.



At the 31 July meeting in Washington, the Same'key people discussed the
'S'pé,ce Technology Laboratories and AC Spark Plug systems further, apparently
_égi-eeing that the AC Spark -Plug system could, with minor modification, per- -
form basic Titan III missiohs at a net‘savings of $50. million in résear.ch_ and
de_{zelopment money. However, use of the AC sstem would require an even-

" tual "block change" to an entirely ne,w_. guidance system which in the long run
would cost more than the -original Space Techndlogy Laboratories' proposal.
Nevertheless, McMillan and Charyk agreed "that the Air Force should go to
the AC Spark Plug route." McMillan also reiterated his promise to furnish
sole sourcre'jus-tif_ication for AC Spark Plug procurement and provide a state-
ment of precisely what modifications were to Be introduced in the Titan I'l. '

18

system.

The final guidance decision _carﬁe about two weeks later.. On 14 August
1962, Coione.l.Bleymaier summarized for Assistant Secretaries McMillan
- and Imirie the implications inherent in the guidance block change proposal.
At this tirhe the progrérh director learned that on the recommerdation of
‘Assistant Secretary McMillan the Secretary of the Air Force had, that morn-
ing, éﬂdorsed the decision of the Secretary of Defense to use Titan II guidance.

for the Titan III. The guidance issue was considered closed.

On 20 August 1962 a press release announced the Department of Defense

~ decision to use a modified version of the Titan II AC Spark Plug guidance

system in the Titan III space booster. 19 % B

ar
3

As might be expected, abandonment of the Space Technology Laboratories- -
-ARMA guidance proposal created a minor political furor. The day after

- the Pentagon announcement the New York state congressional delegation
called Air Force officials for an explanation. Congressman H. A. Shepard,
representing a district in southern California, protested the action to '
Secretary Zuckert. Space Technology Laboratories formally protested
to Rubel. The President requested an explanation. An embarrassment
‘to McMillan--who appeared to bear the brunt of the outcry--was that AC
Spark Plug was originally a losing bidder. He was forced to insist that,
"The Air Force was not voiding an award and then giving the ¢ontract to
another, neither the inertial platform nor the computer to be used in the
interim guidance system is the same as was proposed by the AC Spark
Plug-Rand team in the losing proposal. "



A somewhat different rationale for selecting the Titan II guidance sysiem
was offered by Assistant Secretary Mchllan in a 24 August memorandum to
the Air Force vice chief. He asserted that the original Air Force guldance

“proposal for the Titan III system had contained 2 basic contradiction. A

guidance system was needed early in the program yet it had to be sufficiently

‘flexible to meet the requirements of the most versatile space booster yet
developed. Air Force experience suggested an early change in the guidance
system might have to be made as scon as knowledgé of more advanced space
missions became better defined. And, said McMillan, “becaﬁse of-tﬁe com-
| parative simplicity of the early missions and the 1imi£ed performance diver-
sification required, the Titan II guidance system, with clearly defined
modifications, appeared to be fully adequate." Furthermore, McMil_lan con-
tinued, the near certainty that the first guidance system would require

i

modifications, led to the obvious conclusion that our best course is to

‘use the proved Titan II guidance system for the earliest Titan III missions. n20

In any évez_lt, nOW th;a.t the decision was made it was necessary to deter-
mine schedule implications of AC Spark Plug selection, inaugurate essential
program adjustments, and move as rapidly as possible. into Phase I procure-
ment. Hence, as program office effort continued thrdugh Auguét, a major
portion of the activity involved incorporating new inertial guidance factors
_into' work statements, specifications, and the system package plan. By 24
August all work statements and specifications were "definitized" except those
required for AC Spark Plug. The pro.gram office as yet had not received
direction to proceed with this procurement although some unofficial i‘sOunding

out" contacts had been arranged with the contractor. 21

In the absence of the promised instructions, the program office used
ensuing weeks to develop an AC Spark Plug guidance plan. Mission character-
istics which the system would have to support were defined as: direct orbital
injection with gravity turn, single and multi-orbit Dyna Soar missions, low
altitude orbit with plane ch_ange, and most demanding in terms of performance

accuracy, 24-hour synchronous equatorial orbit. The second step was to



esta;'blish., through close coordination with Dyna Soar program ménagement,

a clear definition and agreement of the trajectories planned for the space
glider. *l By mid-September, although instructions to begin g{li-dancer procure-
ment actions Qve_re still withheld in Washington, pr_éparation of the AC Spar.l-c'
‘Plug work statement was started. The plan was to begin with a Phase I con-
tract which would run for 28 weeks--thus allowing time for preparatibn,~
negotiation and signing of a definitized incentive fee Phase .II contract.

During this period the now established Phase I formula--resolution of tech-
nical problems, definition of de_sign criteria, anal;y'sis of mission require-
ments, preparation d_f a technical development plan with detailed costs, and
review of exhibits and spec'iﬁ-c:ation--_would be completed. Moreove_i', to |
assure that in dealing with a system of such complexity nothing was over-
looked, it was decided to award siudy contracts to the Massachus-etts I‘nstitute
of Technology and to Logicon, Incorporated. These studies were to precisely
define component modifications essential to reliablé performance of Titan
III's anticipated mission. -

‘These ideas and the AC Spark Plug plan were reviewed with as sistaﬁt
'.'secre_tary McMillan in Washington on 13 September 1962. On 15 September
the secrét’ary-forWarde'd the much delayed--it had been promised by 3
August—--authority to negotiate a Phase I contract with AC Spark Plug.' The:

division sent a request for proposal to the company four days later.

The guidance program ra‘.;pidly advanced through Phase I contracfi ﬁegotia-

As early as 24 August 1962, Colonel Bleymaier directed establishment
of procedures for close interchange of relevant information between the
X-20 (Dyna Soar) and 624A management offices by means of briefings,

- working groups, and provisions for X-20 liaison officers to work directly
within the 624A program office.
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with Massachusetts Institute 'of Technology to deterniine the modifications
" necessary in the Titan Il all inertial guidance platform became effective on

1 November 1962 and extended to 30 April 1963 at a fixed price of $270, 800
The contract with Logicon, Incorporated prov1ded $50,000 for work extending
from 18 October 1962 through 30 April 1963. 24

The answer to the question, ".

whether developing a more elaborate
guidance system is justified at ‘this time, " hinged on precise determination

of the capabilities of the modified AC Spark Plug all inertial system, 2 task
which required several months of analysis, simulation, and detailed program-
ming of guidance equations through a computer. A complete answer also
awaited a more precise analysis of future Titan III space missions. Yet by
October 1962 it seemed certain that the weight of the inertial computer unit,
its excessive power consumption, and the limited flexibility of the air-borne
computer and inertial measurement unit would ultimately dictate substitution
of a more advanced system. In any such planning it was essential to remember
that 30 to 36 months of development time and a year or two of flight testing
would be required to bring such a system to optimum reliability so that three

to five years lead time would be required to obtain a new subsystem.

Nevertheless, AC Spark Plug began Phase I work in October. By mid- |
December the sole source justification had been issued, authorizing AC Spark

1
. 4.

Plug to perform planning, design, modification, development, test,
integration, coordination, fabrlcatlon and application of a modified Titan II
inertial guidance system ... " and a request for proposal was forwarded to
the company on 17 December 1962. Completion of cost evaluations and tech-
nical reviev@rs'perrhitted the start of negotiations by 4 March 1963, their
completion by 19 April, and contract signature on 25 April 1963. The AC
Spark Plug subsystem, like other major Titan III components, would be
acquired through a cost-plus- incentive-fee contract. For work performed
from 1 January 1963 through 31 August 1966 the negotiated cost of $44,276, 168
included a target fee of $2,900,000. The small but vital contract with

Massachusetts Institute of Technology, which was scheduled to terminate on

Contract AF 04(695}-231

Contract AF 04(695)—232- ,
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30 April 1963, was extended to 30 September 1963 without additional cost.
"'I'hre equally impc_)r'tari_t_. contract with Logicon, Incorporated, was extehded
':f-r-'or'n 30 April 1963, to Ja.'huary 1964, at an additional cost of $181,036. _-Thus

by the close of April 1963 all major Phase II contractual development efforts

‘were underway and the Titan III program was on schedule.



-

' NOTES - CHAPTER 4

Rpt, Prdgram 624A Management Philosophy and Technical Approach,
9 Jun'1962, prep by S5PO; Hist Rpt, 624A Prog Ofc, Jan-Jun 1962; in
Hist Div files. ' ,

. Table, Contracts Awarded, Contractual Information, as of 30 Jun
1962, prep by 624A Prog Ofc; Chart, Contracts as of 31 Dec 1962,
prep by 624A Proc Ofc, in Hist Div files. ' :

Chart, Contracts, as of 31 Dec 1962; Hist Rpt, 624A Prog Ofc, Jul-
Dec 1962, in Hist Div files; Contractual document, Exhibit "G oto
Contract AF 04(695)-150, in SPO files.

Ltr, MajGen R.E. Greer, V/Cmdr, SSD, to Hg A¥SC, 1 Nov 1961,
subj: Titan III Solid Motor Development; Schedule of Verbal Presen-
tations, 15 Mar 1962, in Doc Vol; Ltr, Col R. Nudénberg, Dir Space
Prog, Hq AFSC, to Gen B. A. Schriever, Cmdr, AFSC, 22 Jan 1962,
subj: Titan III Large Solid RFP's: TWX, SSBS 1-22-2, SSD to AFSC,
23 Jan 1962, in Hq AFSC files. : :

Ltr, Col J.S. Bleymaier, 624A SPD, to Hg AFSC, 2 Nov 1962, subj:
Large Solid Motor Development for the 624A Program; Contractual
Document, Exhibit "B" to AF 04(695)-156, "Incentive Plan, " in
SPO files. : :

Chart, Contracts as of 31 Dec 1962; Hist Rpt, 624A Prog Ofc, Jul -
Dec 1962; rpt, Titan III Project Review and Data Book, 27 March
1963, in Hist Div Files. - T :

Ltr, Lt Col J. A. Murphy, Ch, 624A Proc Ofc, to SSD Proc and Prod
.Ofc, 16 Mar 1962, subj: Establishment of a Source Selection Board;
Ltr, Col O.C. Ledford, Dep 624A SPD, to Hqg AFSC, 13 Dec 1962,
subj: Standard Core Stage III (Transtage) Engine Development for the
624A Program, in Doc Vol; Chart, Contracts as of 31 Dec 1962; rpt,
Titan III Project Review and Data Book, 27 Mar 1963, in Hist Div
Files.

Hist Rpts, 624A Prog Ofc, Jul-Dec 1962; Jul-Dec 1963, in Hist Div
files; SPP, 15 Oct 1962, prep by 624A Prog Ofc, in SPO files.

Chart as of 31 Dec 1962; rpt, Titan III Proj Review and Data Book,

27 Mar 1963; Hist Rpt, 624A Prog Ofc, Jul-Dec 1962; rpt, Relation
of the Titan III to the National Launch Vehicle Prog, 27 Mar 1363,

in Hist Div files.




10.

12.
13.
14,
15.
.16,

17.

18.

19.

116

Ltr, Col J.S. Bléymaier, 624A SPD, to Gen B:. A. Schriever, Cmdr,

AFSC, 28 Sep 1962, subj: Operations Research, Inc., Role in the

624A Program, attachment, rpt, Summary of Operations Research,
Inc., Role in the 624A Program; Chart, Contracts Awarded, 30 Jun

) 1962, prep by 624A Proc Ofc; Chart, Contracts, as of 31 Dec 1962;

Hist Rpt, 624A Prog Ofc, Jul - Dec 1962, in Hist Div files.

Rpt, Factors Relating to the Approval of Titan III Program, 11 Sep
1963, prep by 624A Prog Ofc, in Hist Div files.

TWX, SSBG-1-2-1, SSD to Hq AFSC, 1 Feb 1962, in SPO files; ltr,
Col J.S. Bleymaier, 624A Prog SPD, to LtGen H. M. Estes, Cmdr,
DCAS, MajGen O.J. Ritland, Cmdr, SSD, 29 Mar 1962, subj: DOD

*Ad Hoc Committees on Program 624A, in Doc Vol; rpt, Factors Relat-

ing to the Approval of the Titan III Prog, 11 Sep 1962, in Hist Div files;
TWX, AFSDC-5-898674, Hq USAF, to AFSC, 5 Feb 1962; TWX,
AFSCD-5-84558, Hq USAF, to AFSC, 3 May 1962, in Hq AFSC files.

Rpt, Factors R_ela.tlng to the Approval of the Titan III Program, 11 Sep
1962; Min of the 40th Meetmg of the DSMG, 3 May I962; in Hist
Div files.

Memo, J.H. Rubel, Dep DDRAE, to Asst SAF (R&D), 16 May 1962,
subj; Director of Defense Research and Engineering Initial Evaluation

- .of Proposed System Package Plan for Program 624A; rpt, Factors

Relating to the Approval of the Titan III Program, 11 Sep 196Z; In Hist

DlV files.

Memo, H. Brown, DDR&LE, to Asst SAF (R&D), 28 Jun 1962, sub_}
Titan III, in Doc Vol.

Memo, B. McMillan, Asst SAF (R&D) to the C/8 Hq USAF, 29 Jun
1962, subj: 624A Program for FY 1963, in Doc Vol. -

MFR, MajGen 0O.J. Ritland, Dep to the Cmdr for Manned Space Flight,
AFSC, 16 Jun 1962, subj: - Telephone Call from General Holzapple to

- General Ritland; ltr, MajGen O.J. Ritland, Dep to the Cmdr, to

Gen B. A. Schriever, Cmdr, AFSC, 25 Aug 1962, subj: Titan III Pro-
gram Red Line Presto Messages, in Hq AFSC f{iles.

MFR, Col F.M. Box, Ch, Guidance Ofc, Prog 624A, 6 Aug 1962,
subj: Meetings with the Assistant Secretary of the Air Force, Research
and Engineering (sic.), in Doc Vol.

Rpt, Factors Relating to the 'I‘itan 111 Progra_m, 11 Sep 1962.



20.

21,

22.

23,

24,

Z5.

26.

MFR, B. McMillan, Asst SAF (R&D), to Vice C/S, Hq USAF, 24 Aug
1962, subj: Giidance System for Titan I, in Hq AFSC files. Textual
footnote based on the following documentary sources: quotation from
MFR, B. McMillan, 23 Aug 1962, subj: Selection of an Interim Guid-
ance System for Titan III; MFR, Col H. Dorfman, Exec SAFRD, 24
Aug 1962, subj: Selection of an Interim Guidance System for Titan III;
MFR, B. McMillan, 24 Aug 1962, no subject; TWX, R.F. Mettler,
Vv/Pres, STL, to J.H. Rubel, 30 Aug 1962, no subject; ltr, Col H.W.
Gainer, Ch, Booster Sys Ofc, Hq USAF, to AFRAE-MB-~1, 14 Sep
1962, subj: Letter of Consolation to Guidance Contractors, in Air
Staff files. ' '

TWYX, SSB 21-8-4, SSD to Hq AFSC, 21 Aug 1962; TWX, SSB 23-8-7,
SSD to Hq AFSC, 23 Aug 1962; TWX, SSB 24-8-9, SSD to Hq AFSC,

24 Aug 1962, in Doc Vol. : :

Itr, Col J.S. Bleymaier, 624A SPD, to LtGen H. M. Estes, Cmdr,
DCAS, 24 Aug 1962, subj: Formulation of Joint Working Group; 1tr,
Col L.F. Ayres, for Col J.S. Bleymaier, 624A SPD, to all 624A Prog
Ch, 13 Sep 1962, subj: Plan of Action for Accomplishing the Guidance
Program; MFR, Ceol J.S. Bleymaier, 624A Prog SPD, 15 Sep 1962,
subj: Meeting With Mr. Zuckert, SAF, on 13 September 1962, in

Doc Vol. , : :

. MFR, Col J.S. Bleymaier, 624A Prog SPD, 15 Sep 1962, subj: ‘Meet-

ing With Dr. McMillan, Assistant Secretary of the Air Force (R&D), on
13 September 1962; 1tr, Col J.S. Bleymaier, 624A Prog SPD, to Hg
AFSC MSFA, 25 Sep 1962, subj: Guidance System for Titan III, in

Doc Vol. ‘ '

Ltr, Col J.S. Bleymaier, Prog 624A SPD, to Col F. M. Box, Ch,
624A Prog Guidance, 28 Sep 1962, subj: Guidance System for Titan i,
in Doc Vol. ' - :

TWX, SSBG-4-10-14, SSD to Hq AFSC, 4 Oct 1962, in Doc Vol.
Ltr, Col J.S. Bleymaier, 624A Prog SPD, to 624A Proc Ofc, 15 Dec
1962, subj: Sole Source Justification for Procurement of a Guidance

System for the Standard Launch Vehicle 5 (Program 624A) Prog Ofc,
Tan - Jun 1963, in Hist Div files.



CHAFPTER 5

ENGINEERING AND CONSTRUCTION

Design of the Titan III space vehicle system was the result of a straight-
forward effort by military planners to increase low orbit payload weight to
25,000 Vpoimds, establish a high degree of standardization, and provide signi- '
ficantly'great'er economies of operation. - By mid- 1961 the scieﬁt‘ific' and

'engmeermg consensus favored a space vehicle assembled from standard

bulldlng blocks, thus possessing hlgh rel1ab111ty and mission flexibility. "

An obvious choice for the core was Titan II, most powerfu_l of the intercon-
tinental missiles a.lr'e,ady in development. After further étudy, the 'cdncept

| grew to include a new pressure fed third stage topped by a control module and

a standard payload fairing. This basic " c'ore_, " designated Titan IIIA, would

be capable of lofting significant payload weights~-5,800 pounds into a low _

(10_0 nautical mile) circular orbit or 3,600 pounds into a 1,000 nautical mile

. circular orbit. But the technically unique element of the system--as much in -
its applica.fion as in it its design--was the addition of solid propella.nt'rhot_ors .

. to vaistly augment an otherwise nominal payload capacity. Two solid propellant

-.segmented motors, fastened one on either side of the core in the same plane, |

'Would increase payload capac1ty to an awesome 25, 100 pounds in low circular

_orblt 2,140 pounds into a synchronous equa,torlal orbit, or 5,100 pounds to
escape. The vehicle would measure over 125 feet in length--the .height of an
average 10 story building. The solid motors as well as the core would each

be 10 feet in diameter and when vertical on the launch stand ready to launch,

The Air Force Phoenix Study, the Department of Defense Schuette Commit-
tee, the National Aeronautics and Space Administration, and joint commit-
tees of these agencies were unanimous in their support of the general
requirement for a space vehicle system which would meet these perfor-
“mance specifications.
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but for the pa.yloa.d, its weight would total 1, 361, 680 pounds. To lift this
mass of metal, fuel and additional pa.ylload off the -pad_é,nd into space the solid
motors would release 2,276,000 pounds of thrust. -Throughout the 105 seconds

of solid motor operation, thrust would average 1,970,000 pounds.

Beyoﬁd its great size and advanced performance there was little in the
total Titan III concept fechnically new or startling Indeeci Titan III selection
was based.in large part on a design concept which called for full exploitation
of existing technology. Thus the first stage of the core was a modified Titan
I1 stage possessing,sifnphf;ed_.pro_pulsmn and-electrlc_al systems. In addition
to the liquid fuel engine and related eqﬁipmént, the first stage would contain
"black boxes" for télemetry, malfunction detection and flight safety. The
airframe structure would be more rugged than that of. the Titan II but o'_cherl-

wise its design and construction would be the same.

The Aero_]et Genera.l first stage engine~-designated LR 87--would differ
_frdm the Titan II engine in having an altitude start capab111ty and insulation
around the engine compartment to protect against heat radiated by the solid
motors. Using storable propellants, * the engine was rated at430,000 pounds
of thrust {or 474,000 pounds vacuum thrust, a more useful measurement as
the engine would operate in a rapidly'thlinning atmosphere). The engine
included two gimballed thrust chamber assemblies, two turbopumps,.' and two
gas generators. Two solid propellant cartridges would furnish the .energy‘to
start the turbines spinning 'dﬁririg the engine start sequence. An ingenious
autogenous system was designed to pressurize the .propella.nt tanks. Batteries
for operating electrical equipment were located in the engine compartment
and between the proiaell_ant tanks. The completely assembled first s.f.age,

including the engine, would be approximately 70 feet long. 2

The second stage, like the first stage, was essentially a variation on

Titan II design. Its structure was reinforced and propulsion changes were

% Nitrogen tetroxide (NZO4) and a 50-50 mixture by weight of hydrazine and
unsymmetrical dimethylhydrazine-(UDMH).



made to assure utmost reliability and safet*j. In other respects the Titan IIL
second sfage instrumentation, power supply and their location were similar

to the first stage. The LR9l étorable propellant, turbopump fed engine was

designed to produce 100,000 pounds of thrust é,t altitude, through a single

gimballed rocket nozzle. The length of the second stage, including the engine,

was slightly under 36 feet. 3

The most striking feature of the Titan III core was the de51gn of the third
stage wherem rested much of the vehicle's potent1a1 for successful operation.
The third stage, primarily a propulsmnrumt to perform trajectory changes
and final orbital placement, was de signed to have a "Siamese twin" relation-
ship. with the control module, which contained the intricate guidance and |
control apparatus. Both were de Signed as independent units and could be
separated if the space mission so required. The: 1ength of the stage, mea-
sured by the w1dth of the outer shell surroundmg the engine like a belt, was
only 18 inches. ' The engine itself extended below and above to require a
total length of nearly 15 feet--the tankage extended into the control module
~above and reached down into the top of the second stage below, along with |
operating parts of the engine and the two ablation cooled .thrust chambers. The
engine was designed to extract 16,000 pounds of thrust from the same storable
fuels as the first and second stage engines. The most important aspect of |
third stage pérforma;nt:e would be its ability to stop and start three times dur-

ing a six and one-half hour period.

The control module, assembled around the third stage, contained all the
electronic gear _fo guide and control the vehicle through its staging sequences,
telemetry equipment for data transmission, cormmunications equipment, and
an electncal power supply. All guidance and control commands would ori-
g1nate in the n.odule by mea.s of cqripment wiich could be programnicd as
each mission required. Tracking and communications would be performed
by a beacon transpondei’ and pulse-code-modulated (PCM) reciever encoder.
In addition to this complex equipment the module would also contain the con-
trols for malfunction detection and retrothrust operation, as well as the
auxiliary propulsion system. The latter system would function like an extra

stage to furnish attitude and propellant settling control during coast periods.
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Thrust would be -_obtained by using a storable bipropellant fuel through eight

" nozzles arranged in pairs mounted at 90 degree intervals around the circumi-

ference of the control module to furnish p.ropella;nt settling, pitch, yaw, and
roll control. Propellant capacity of the é.uxilla,ry propulsion system really
detefrnined the length of the restart period for the third stage. Engineers
estimated it would hold sufficient fuel to maintain attitude control for a six
and one-half hour period. The m_ea.sureme'nts for this collection of esotéric:
ele ctronic-mechanical equipfnent were considerably larger than those of the
third stage: the diameter was the same size but the c’onfr01 module would

measure four and two-thirds feet in length.

Standard Core and Engine Development

Starting with Phase I, Martiﬁ ‘began the massive task of producing
thousands of engineering drawings and tooling a plant for production.. By
July 1963, the major portion of thé engineering work was completed (95 per-
" cent), fabrication of core airframe structures was underway,' and over a
thousand hours of wind tunnel testing with scale models had returned early
and vital engiﬁeering data. * Nearly half of the large number of engineering
‘drawings and plans for Titan III ground equipment were completed and by mid-
.Tu.ly a full scale engineering mockup of the third stage and control module
was on'aisplay. Martin also completed a vital but undramatic task dubbed
"Project Avalanche" which required nearly six months of work updating and

correcting vehicle model specifications.

But as with any development program, the shadows of problems to come
began to appear. Based on eﬁgiﬁeering data of July 1963, the burnout weights
of all three stages would be 810 pounds above specifications and stringeﬂt
weight control measures and improved design would be necessary to solve

the problem. Another acute but hopefully temporary problem concerned

% Scale model (5.5 percent) wind tunnel tests were performed at Arnold
Engineering Development Center to define the first stage heating environ-
ment during a solid motor firing . Analytical wind tunnel tests were
also conducted at Ames and Langley wind tunnels.



adequate control of electromagnetic interference to assure clear channel
communications and operation of the vehicle. An area of increasing concern,
however, arose in the development of the LR 87 first. stage and LR 91 second .

stage engines by Aerojet-General (Sa.cra.mento) where the slow rate of develop-

ment progress caused increasing uneasiness over the adequacy of management.

The problem_of engine 'development_ was compounded by disappointed
hopes. Designed to reap the advantagee of using fully developed rocket engines,
Titan II] also inherited serious engineering problems which Titan 11 develop-—
ment had not fully solved by the early fall of 1963. Some. of these involved
engine gearbox breakdowns, pressure sequencing valve failures and starter
cart'ridge difficulties. Aside from these strictly "local” complications, an
even more pressing difficulty was the "Pogo" probleni-——severe longitudinal
oscillation of the entire vehicle at low frequencies. 'Happily, this-somewhat’
foreboding state of affairs rapidly improved. First stage engine "battle ship"
testing was completed in November and testing of the second stage 'abllative.
"skirt" permitted approach to a final acceptable design by the end of December.
The first engines for use in a flight vehicle arrived at Martin on 29 November,
just when need for them was becoming acute. By December 1963 development
of more reliable first and second stage engine start cartridges was going well.
In addition, Titan II engine development furnished its anticipated benefits: new
thrust chamber valves and a new first sta.ge'gear box were. adopted to improve

'I‘ita.n III engine reliability. 8

Problems requiring long range solutions remained: second .st.a.ge insta-

_ bility, which was under attack in the Gemini program, and the long range but
serious problem of a rapidly developing scarcity of nitrogen tetroxide, the

. storable prop_elilant. Only a fraction of the overall .J'uiy 1963 demand (37 per-
cent) could be met by current production. While posing no immediate threat--
significant Titan III propellant consumption would not occur until flight tests,
scheduled to begin August 1964--it did require long term planning to assure

adequate supply. Finally, problems encountered by Arnold Engineering



Development Center in maintaining the schedule of Titan III éngine and wind
tunnel te sting threatened to significantly' deiay the program. * The latter two
problems could only be alleviated by assigning top priority to Titan IIl develop-

“ment.

The progrém office, in September 1963, established a special working
group to wrestle with such problems as overweight, dangerous heating of the
aft core area, solid motor thrust termination loads and general performance
improvement. Frorn this action stemmed a weight control program, addition
of a protective shroud or "boat tail" covering the first'.stage engine compart- -
ment, and reduction in solid motor thrust terﬁw.ination 'porté from four to two.
By the cloée'of 1963 basic core -engineering was completed and development

emphasis was focused on hardware production.

Third stage propulsion system development during the first months of
Phase II encoum;ered few difficulties as Aerojet-General, Azusa, established |
a strorig management engineéring organization which kept the development
effort on schedule. Bj the close of June, firing tests on experimental engines
were going well and over 100 minutes of sea level hot firing had been performed.
On 23 July 1963 this progﬁess was marked by a most encouraging long duration
firing test--four minutes and 44 seconds. The engine, mounted in a "battle-
ship" V;ersion of the transtage, was started twice and s_topped three times in
a first thorough checkout of the engine and integrated pfess'ure fed fuel sys~
tem. The test also revealed a disquieting incompatibility between the engine‘-'
injector and thxr-ust chamber. Tests at Arnold Engineering Center during
August confirmed the su.spicion that the ablative thrust chamber would buro
through before completion of a full duration firing. Moreover, gimballing

the 'engine in a cold environment disclosed a bi-propellant valve malfunction

2 Arnold Engineering Center problems were primarily limited facilities and
too great a demand for their use. For example, Titan III and Apollo test
schedules conflicted to the detriment of the former program. There was
delay in the completion of a large environmental space laboratory in which
the complete transtage would be subjected to rigorous tests including
vacuum sfart, near absolute zero operation, and operation in an environ-
ment of intense solar radiation and heating. Some substitute for these
tests had to be found to keep the program on schedule.
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a.nci a nozzle extension weakness. Hence, by the close of 1963, an extensive
redesign and testing program was underwa.y to ellmlnate these difficulties so
‘the contractor could make his first. dehvery of flight engine hardware--due

in mid- December 1963, 11

Solid Propellant Motors

At the end of World War II solid propellant rockets, while used in some
minor we_a.poné applications, were still in-the;ir development infancy. For .
 several years thereafter solids remained out of the main stream of rocket
development, although in the eé.rly 1950's the several services successfully
producéd a numbér of small solid propellant missiles and take-off-assist -
units. As the decade advanced there was rapidly accumulating evidence that
if gains in such areas as metallurgy, chemistry and hiéh temperature mater-
ials were fully exploited, solid propellant technology might well move rapidly

forwazrd. 12

In Apr'il 1956,_ -followilng about nine months of intensive study,' the West-
ern Development Division-~later the Air Force Ballistic Missile Division--
contracted with several major industrial firms to explore new and improved
technology leading to a fea51b111ty demonstrat10n of solid propellant motors
for use in/ballistic missiles. * Because the ballistic missile organization
Was -compl_etely_absorbed. in liquid rocket weapon development, contract
administration was transferred to Wright Air Development Center. Within 7
a year, under this contract, iarge solid rocket motors containing as much
as 25,000 pounds of propellant had been assembled and suécessfully fired.
Motor cases up to 60 inches in diameter were successfully tested and multi-
batch high performance prbp_ella.nts of uniform quality were manufactured.
New methods of nozzle éool-ing were devised and preliminary experimentation
strongly indicated that thrust vector control could be attained through use of

gimballed nozzles. 13

* Contracts were awarded to Phillips Petroleumm Company, Aerojet-General
Corporation, Grand Central Rocket Company, and Standard Qil Company
of Indiana,
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These advances in a hitherto moribund technology induced Air Force
adoption of a new development program leading to an advanced " second genera-
tion" intércontinental ballistic mis gile. Thus the Minuteman was born. The
Navy, at about the same time, was developing _thé Polaris solid propellant
intermediate range missile. Validity of the concept was_dramatically demon-
strated on lVSept_ember 1959 when the first large size solid propellant, flight

‘weight motor, over 24 feet long and over five feet in diameter, weighing over

50,000 pounds, was successfully fired. 1.4

Notwithstanding the engineering effort involved .in the ultimate development
of an operational Minuteman the horizons of solid propellant technology were
still remote. Far sighted weapons planners and rocket visionaries were
thinking in terms of millions of pounds of thrust and repeatedly pressed their
recommendations for renéwal of large scale solid propellant research. In
1957, Wright Air Development Center's Solid Rocket Branch (Power Plant

 Laboratory), which had taken over solid rocket development contracts from

the ballistic missile division, urged a continued well planned research effort. :
In March 1959, .the laboratory invited industry to bid on demonstrating a solid
motor producing 20 million pound-seconds of thrust. On 27 April 1959 an
evaluation board recommended selection of Aerojet-Géneral to conduct the
defined development work, Then there followed months of reviews and
evaluations at command, Air Force headquar'ters, and Department of Defense
levels before the contract was finally awarded, on 5 August 1960. It was
funded at a level of $2,937,131 for 'fisc_al 1961, On this relatively thin budget
Aerojet achieved startling suc.cess, becoming the first company to experiment
successfully with the "breakthrough" idea of segmented motors. A segmented
solid motor was made of huge single-castings (grains) stacked on top of each
other--with the ends knocked out and in a single casing made by bolting '

together the several segment walls--to create motors of massive size

% In mid-1959, the liquid and solid rocket branches of the laboratory were
transferred to Air Force Flight Test Center at Edwards Air Force Base,
California, where eventually they became the Rocket Research Labora-

tory.



and thrust. Aerojet' demonstrated the first such rocket motor on 3 June
1961--a 100 1nch dlameter smgle center segment motor which delivered
450,000 pounds of thrust for 45 seconds. On 29 August a two segment motor
delivered 460,000 pounds of thrust and opez_'af;ed for 67 seconds. These were
the highest thrust performances so far recorded for any solid propellant
mc}t'or-.

" As contractors advanced their research programs, solid propellant
technology- continued to score significant gains. Grand Central Rocket
Company, on a small Air Force contract--$318,000 in fiscal 1960 and
$413,000 in fiscal l%lw-perfbr_med studies, motor deéigns, and research
on segmeﬁted motor joints. At the same time United Technology Corpora--
tion proceeded with its privately funded program to develop and test a giant,
single-segment, 256,000 pound thrust motor and a two-segment, 482,000
pound thrust motor. The segmented solid motor concept, new high perfor-
mance solid propellants, and lightweight materials promlsed wide vistas of
bold new apphcatlons Moreover, tests which demonstrated v1rtua,11y
‘unlimited thrust possibilities were particularly a.ttra._ctlve to those searching
for means of large gains in spaée vehicle pérformancé. Thus, ‘technical
evolution merged with militafy necessity to cfeate the combined solid-liquid

propulsion techniques utilized in the Titan IIT launch vehicle.

Titan III solid motors, while re stlng on a founda.tlon of proven techniques,
nevertheless required another long engineering stride forward to become
operationally acceptable. Motors of Tlta.n ITI size and thrust had never been
manufactured and tested. Phase I studies ha.d defined vehicle requlrements
.and solid motor performance factors such as burning time, thrust, regres-
sivity, and other specifications which were then carefully weighed to establish
the exact dimensions of the solid motors. The design for each motor was
fixed at five interchangeable 121 inch diameter segments plus forward and
aft closures. The éntire motor, including the forward shroud containing the

two thrust termination ports and the streamlined cap, measured nearly 80 and
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one-half feet in length., A composite propellant, " relatively -e-a.sy.to maru-

1
facture, was selected to fuel the motors. 7

'Uni‘.ced Technology Center, building on advances made in the Minuteman
and Polaris programs, fabri;ated steel cases épproximately one-third of an
inch thick using roll and weld construction. As designed, the segments
consisted of the outside steel shell, a lining of Buna-type rubber insulation
about one and one-half inches thick at the eﬁds of the segment and thinner
at the center, and the solid propellant. Four sregment"s would have a cylin-
drical opening about four feet in diameter in the center of the grain with the
forward segment core in an eight-poiﬁted star configuration. ‘The segments
were designed to be bolted together with a clevis-pin type of joint integral
with the case. Burning would progress longitudinally and radially simul-
taneously by starting at the core; then all the grain surfaces would burn
together for about 105 seconds. The aft segment was designed to be assembled
- with the. nozzle throat assembly and exit cone. o The nozzle of each solid
motor was designed with a six-degree outboard ca.nf to furnish added flight -
stability. Finally, the closure of the forward segment would include two
thrust termination ports which could be blown out on command. Thrust'ter--
mination would be a vital adjunct of flight safety, abetted by a command des-
truct system which would be able to reduce solid motor thrust to zero within

milliseconds. 18

e

% Polybutadiene acrylonitrite-acrylic acid.

%% The throat assembly, to withstand the hurricane of hot gases during
firing, was designed to include three carbon rings, about four inches
wide and eight to ten inches thick and 38-inches in diameter on the
inside--the size of the motor's carbon throat. The outside of the rings
were designed to be wound with silica phenolic tape and bonded to a steel
sleeve. This complete assembly would in turn be bonded to a steel
shell and bolted to the aft motor closure. The exit cone, about 10

feet long and an ingenious combination of steel, silica phenolic and
aluminum, would be fabricated in two sections and bolted together,
then bolted to the segment's aft closure to create the motor's thrust

chamber.



_' ' United Technology Center, perhapé because of the basic simplicity of

' solid propellant motors, was the first Titan III contractor to launch hardware
: fa,b_r_icatioﬁ and motor _t‘esting._ By early 1963 the cozﬁpany was as sign-irng
specialized development areas to subcontractors. * The early development
éffor‘_c was rapidly organized to start fabrication, cast propellanté and activate
a testing program. A" PERT/TIME/Cost”I_ system network was completed on
15 February 1963 (an event favorably affecting the. company's incentive fee).
The first single seginént 120~-inch motor was successfully tested on 23 Febru-

ek

ary and the second on 18 June.

These tests were suc.cessful preliminaries to the first full scale five
segment firing test on 20 July 1963 which was, quite properly, considered to
be one of the most crucial tests in the development of the Titan III system.

- The 75-foot-high motor, probably the largest ever tested anywhere, was
mounted on the Center's test stand near Coyote, California, and fired with out-
standing success. The motor producéd 1.2 million pounds of thrust--just one
of the.273 test factors which were measured. Mofor‘burning_ time was approxi-
mately 112 seconds, which included about 110 seconds of action time before
._,th'rﬁst tail off" began. This test once again proved the validity of the .liquid

injection thrust vector control system by demonstrating a vector deflection of

% Among these were Curtiss-Wright and Westinghouse, fabrication of

 steel cases; H. L Thompson Fiber Glass Company and Tapco Division
of Thompson-Ra.mo-—Wodldridge, manufacture of nozzles; Ling-Tempco-
Vought, valves and electrical subsystem; Allison Division of General
Motors, tank structures; Rohr Industries, hydraulic system; Lockheed,
injectant manifold of the thrust vector control system; Tapco Division
and Rohr Industries, motor insulation; a.nd"Sikorsky/Division of United
Aircraft Corporation, motor skirts and fairings.

w3 - The first motor segment produced 231,000 pounds of thrust, operated
for 107.3 seconds and achieved a maximum thrust vector control angle
of from five to six degrees. The second motor firing on 18 June
preduced a maximum thrust of 229,250 pounds, operated for 108.2
seconds and accomplished a thrust vector control angle over five
degrees. -
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five degrees. Subsequent test would advance to firings of operationally
configured motors which would present 2 far more difficult--and crucial--test
environment. 1_9 '

But fhrough the last month of 1963 the optimistic promise of the success-
ful first full scale test was eroded by difficulties arising mainly from pro-
duction problems and poor subcontractor quality control. These difficulties
 were not considered crucial but they were sufficient to postpone the second

five segment motor test firing into 1964--two months late. It was anticipated
: that accumulating contractor experience and improved subcontractor quality
and scheduling control would solve these problems w1thout delaying the overall

_ program.

Guidance System

Fu‘tﬁ’re Titan III assignments would reciuire accurate navigation and
injection of the payload iﬁto circular orbits, synchronous positioning of
satellites, and missions through escape into outer space. Electronics linked
with delicate mechanical equipment would pe rform these extraordmary feats
of guidance. The airborne computer would compare deviations in vehicle
. aittitude signaled by the inertialrguida.nce system and the rate gyro packages
with fh-é programmed attitude and flight path. Corrective signals would then
be transmitted to the proper thrust vectoring element and, during the first
phase of flight, fluid would be injected into the solid rocket motor nozzles to
provide the thrust variants necessary to keep the vehicle steady on course.
The system would respond'rapidly to correct flight attitudes-~accentuated by
the large surface area of the Titan III vehicle-~-induced by winds, wind cross-
currents and gusts. The same procedure would characterize operation of -
the core's three stages. Corrective signals obtained from the inertial |
guidance system and rate gyro packages would be transmitted into gimbal
movements of the liquid engine nozzles. Guidance of the third stage-control
module and its payload would be somewhat more complex. During the coast
phase the guidance system would send corrective attitude control adjustments
to the control module's auxiliary propulsion equipment. The auxiliary pro-

pulsion system would also perform a propellant settling function to provide



three starts of the third stage engine during a possible maximum six and
one-half hour period of intermittent coast and powered flight. Thus the mis-
~ sion would be accomplished by accurately following the programmed flight

path selected for the sp‘aceci'aft. 21

‘The decision to adapt Titan II's all-inertial guidance system to the motre
demanding duties of guiding a high performance space vehicle required an
intensive study of Titan III's future guidance needs. These technical expec-
tations focused on requirements for Dyna Soar and the 24-hour synchronous
satellite. If the system could perform these guidance tasks with precisibﬁ it
would alsoé be suffitientiy versatile to undertake other far ranging missions.
It was determined that, with a substantial list of modifications, the Titan IT
AC Spark Plug system could be expected to meet flight tests and less sophis-
ticated early operational assignments. Studies of necessary alterations to the
system éoﬁt_inued through the summer of 1963, ) During the last months of
1963 components were produced in sufficient q.u_antit-y' to assemble the first-
" Titan III guidance set--assigned to th_e prosaic but essential task of sup.port‘i:dg
véhicle acceptance tests at Martin's Denver plant. Other vital system com-.
poner_xts: inertial 'rﬁéasurerﬁent unité, "guidance computers, video bandwidth
reducer, and pulse code modulator and signal conditioner, were in produc-

tion.

* The Titan II guidance system inertial measurement unit was changed to
allow for increased gimbal freedom and its electrical circuits were
modified to cope with the thermal and pressure conditions of space as
well as to withstand an accentuated vibration environment. The capacity
of the airborne computer was enlarged while its design was altered to
resist severe vibration and operate effectively in the space environment.
Other complex adjuncts of the system, the pulse code modulator and sig-
nal conditioner, were subjected to changes to make them suitable for
Titan III operation. A video bandwidth reducer was added for high alti-
tude communication while a pressure and thermal controller was added
to the airborne system to assure adequate cooling and pressurization of

the system during its lengthened operating time. Modifications were also -

planned in guidance alignment checkout instruments and other elements
of ground guidance equipment, :



Vehlcle -- Payload

The phllosophy of Titan III standardization precluded 51gn1f1cant vehicle
deélgn change to a.c'commod_at(la a particular payload. Rather, the defense
engineering office and the systems command were committed to the policy
that payloads must be designed to match the booster. Yet, inasmuch as Dyna
Soar was the only payload -sp_ecifically‘ committed to Titan III, the program
office worked closely with the Aerona.utical Systems Division to insure that

vehicle and payloa.d designs and hardware were mutua.lly compatible.

Early in 1962 space and aeronautical division conferences and briefings
were arranged.and Titan III technical planning was significantly influenced by
the booster performance requirements of the Dyna Soar system. 23 As Titan
I planning matured, parallel plans were created for'_éloser liaison between
the 620A (Dyna Soar) and 624A system program offices. During May 1962
the space d1v1510n offered a suggestion to the commander of the aeronautical
division to L designate one or two of your personnel to be assigned to f:he
624A Program Office in a liaison capac1ty. " Major General R. E. Greer, then
vice cdﬁ‘;mander of the space division, proposed a data exchange meeting and

the establishment of working groups in specific problem areas.

The data exchange meeting was held at the space division during the week
of 18 June 1962, Such matters as adoption of document exchange procedures,
development of policies on meetings between associate contractors of each’
system, and establishment of working groups in problem areas were arranged.
These measures, once set in motion, were considered adequate to solve any
interface problém. Lieutenant General H. M. Estes, the Air Force Systems
Command's Deputf Commander for Aerospace Systems, said it was his inten-
tion to call occasional "scheduled interprogram coordination meetings" which
senior representatives of all participating agencies would attend. Thus, by
the close of June, the means for rapid technical communications affecting the

two programs were available. 25

They had to be. ‘One of the early technical issues in Titan III development--

choosing between four and five segment solid motors--was of vital moment to



the design of Dyna Soar. During June 1962 there was a move afoot to permit
control of the boost trajectory by the Dyna Soar pilot. If adopted, this would
require compatibility of the Dyna Soar guidance. system with the Titan III
flight control systerri. 5 As de-velopmen_’g of bo_fh ‘progrrarns continued, a
number of intricate technical in't-err.fa.ce de srign intera..ctions.were .uncovei'ed.
By 1 August it wa_s decided to postpone a de cision.on pilot boost- control until
the question of Titan III guidance -and flight control syétém had been resolved.
Flight path and trajectory constraints imposed by structural and therral
environm.ent limits of the glider remained uncertain. In addition, there were
acoustical and vibration enviroﬁrhént problems to investigate. Indeed, the _
gamut of related problems was of sufficient importance to suggest the need
for study by the division's scientific advisory group, which was conyeﬁed for
this purpose during the week of 9 Augusf 1962. The group récommended,
along with specific technical provisions, establishment of " single point

- ' 27
management" of certain program areas. -

A's the program moved into September the space division was instructed
to assist the Dyna Soar program office in a study to determiine the specr‘ific
requlrement for a pilot-in-the- loop system and in the "determination as to
whether or not this capability can be provided within the funds ava.11ab1e and
on an acceptable schedule. " In passing, it was noted that the system Would
need a new airborne :digita.l computer deve'lorpme‘nt, a requirement that would
be costly in money and time. In-any event, a,'j-oint teéhnical_ meeting on 19-20
September 1962 was su.fficieétly important to merit the presence of General
Estes and Major General R, G Ruegg, Commander of Aeronautical Systems
Division, as chairmen. The p_r-oblem of pilot control of boost trajectory and
improved technical relationships between the two programs was critically

reviewed. 28

This technical meeting _prroduc-:ed the conclusion that a “pilot-in-the—lbop”
restraint imposed engineering changes which could not be incorporated in the
Titan III guidance and flight control systerﬁ in -time for the 17 scheduled flight
tests. However, relevant technical data was to be assembled and a study

group established, 'afte.r which, if the idea proved technically practical,



recommendations could go to commarnd and Air Force headquarters for
approval. Furthermore, working 'groups covering technical development
areas were ‘organize'd of representatives from the 620A and 624A program
offices and Aerospace Corporation* and actually set to work on assigned pro-

29

.blems.

At the close of 1962 the problem: of Dyna Soar pilot-in-the-loop and back-
up guidance continued to hang fire. The entire X- 20 program and its i*elafion
to Titan III v;rere reviewed by the systems command council on 5-6 December
1962. Proposals advanced by the aeronautical division, it was felt, imposed
demands in excess of the capacity of the planned guidance 5ystem- and it - |
appeared that boosting Dyna Soar into a multi~orbit mission might well require
development of a new third stage.  Nevertheless, studies torc'onfirm the
feasibility and detailed reqﬁirements of the proposals were scheduled for
review late in .Ta.nu'a.ry'. In addition, certain irﬁportant "interface decision
dates" were agreed upon. These dates covered majbr technical development -
areas and ranged from a decision on a definite design trajectory--to be de-
termined by 31 January 1963--to the final agreement on "launch loads analysis,

axial and transverse load factors"——to be reached by 1 August 1963. 30

A joint aeronautical and space division meeting was held as scheduled
on 31 January 1963 to review the pilot-in-the~loop and back-up guidance
proposals. An ad hoc study gfoup was then appointed to determine if flyiﬁg
a booster "by wire" with adequate reliability was within the engineering state
of the art--a determination that, after several meetings of the group, was
assigned as a five month study contract issued to Martin in mid-October 1963.
Until cancellation of the Dyna Soar program on 10 December 1963, the two
program offices continued to act jointly to resolve the major technical pro-
blems involved in mating the Dyna Soar glider péyload to the Titan III launch

vehicle. 3

% Technical areas covered by the groups included launch vehicle-space-
craft integration, performance, structural loads and dynamics, environ-
mental criteria, abort systems and procedures, electronic and radio
frequency interface, aerospace ground equipment, facilities, and test

operations. _




Vehicle Operation -

~ Solid motor operation would begin with electrical activation of the pyro-
genic ignition sy'stern--basi-c'ally a squib placed within the motor so as to

insure instant, positivé ignition.‘ As the vehicle lifted off the péd, sta.bi'lity

‘and guidance would be obtained by injection of ﬁitro.gen tetroxide into the

thrust stream through nozzles located within the thrust chamber. (It had
been discovered that Titan III's regular fuel worked just as well as more
exotic fluids and had the added advantage of simplifying logistics. ) Ingection
fluid would be contained in two tanks about three feet in diameter and 30 feet

long attached to the outside of each motor. 32

As Titan III gained altitude, axial accelerometers would sense thrust
decay, announcing exhauétion of the solid motor's fuel supply, and signal the
start of the core's first stage engine to maintain thrust and assure continued
guidance control. A parallel signal would activate explosive separation de-
vices holding the solid motors to the core and at the same time four sets of
small rockets mounted at the forward and aft ends of the two solid motors
would be ignited to push the spent motors qui_'ckly out of the way. After the
first stage .core engine took over the propulsion task, propeilant sensors would
again in time sense near exhaustion of the fuel supply and signal first stage

engine shutdown, the sta.i-t of second stage burn, and release of the explosive

- fasteners holding the two stages together. As the second stage engine acceler-

ated to full operation, exhaust pressure woul_d'-mountr. against the first stage
and thrust it backward while accelerating the remaining stages and payload

forward. Then, as the fuel supply of the second stage neared exhaustion,

- explosive fasteners holding the second and third stages together would be

released, three retro-thrust rockets located in the aft second stage skirt
would be ignited to retard its forward movement, and the third stage engine
would ignite, accelerating the pa.yloa,d forward. Separation of the third stage
from the payload would be accomplished by similar retrothrust methods. The
entire staglng sequence, 1nclud1ng removal of the streamlined shroud protec-

ting the payload by shattering its explosive fasteners, may be observed in the

acc orhpanying illustration.



Let

[ =

| il

kil

iy

STAGE SEPARATION




8¢1

STANDARD FAIRING

FAIRING SEPARATION PLANE.
PAYLOAD / TITAN I STANDARD
ELECTROMECHANICAL
INTERFACE

CORE STAGE I

SOLID STAGE FwD

CONTRCL MOPULE SEFA RATION ROCKETS

| SOLID STAGE THRUST
MATING PLANE  TERMINATION PORTS -

ATTITUPE CONTROL SYSTEM STAGING EXHAUST

‘ PORTS
SEPARATION PLANE

SOLID STAGE -
SOLID PROPELLANT
ROCKET- MOTORS

PROPULSION MQODULE
CORE STAGE IO

SEPARATION PLANE CORE STAGE I

THRUST VECTOR
'CONTROL SYSTEM
TANK = SOLID STAGE

SOLID STAGE AFT
SEPARATION ROCKETS

"TITAN Il CONFIGURATION C



Despite the complexity of certain Titan III subsystems, the vehicle design
was adaptable to standardization, ease. of adjustment, and service maintenance. -
This was particularly true in the design of the electrical system. DBattery
power sources located in each stage would supply current to the guidance and
control system, instruments, and telemetry communications. There would be
independent electrical power sources for command control receivers and des-
truct system devices., Instruments aboard the vehicle would translate physical
data and perforrna.nce information into signals for transrnlssmn to ground sta-
tions. To assure optimum safety for manned flight, Titan ITT would possess an.
 automatic malfunction detection system which would be able to sense a poten-
tially catastrophic malfunction in sufficient time for successful escape of any
flight crew. Scattered throughout the vehicle, sensors would monitor sensitive
elements of every vital operation. If something should go wrong there would
‘be time for thrust termination-engine shutdown and spacecraft abort prior to
destruction of the vehicle. In addition, a conventional range safety destruct .
system would be provided. As planned, the destruct command receiver could
signal propulsion shutdown and de struct upon receiving an appropriate signal.
Indeed, every conceivable sc1ent1f1c precaution was applied to both improving
system reliability and furnishing a means of escape in the event of vehicle

disaster,.

Edwards Air Force Base Test Facilities

The first test triumphs in development of the Minuteman sollid propellant
intercontinental ballistic missile occurred at Edwaz’-‘dé Air Force Base. Thus
the skills and resources already available there strongly suggested their
usefulness in the large solid propellant testing program which Titan III develop-
ment would require. One of the earliest decisions in Titan III planning was to
augment the base's existing test capacity by new construction to accommodate
static testing of 4,000, 000 pound thrust motors and installation of complex test

instrumentation and measuring devices.

By mid-February 1962, Aetron Division of Aerojet-General had begun
architectural-engineering planning of an $8.2 million solid motor test facility,
designated Complex 1-36. United Technology Center, responsible for testing

Titan III's solid motors, exercised a strong influence over design of the test
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complex, a task that was completed on 10 October 1962. Because it cost
relatively little more to increase test capacity to meet probable future needs,
facilities were designed to accommodate solid motors up to 160-inches in
diameter. Beyond this, a letter contract was issued to United Technology
Center on 7 December, authorizing the contractor to furnish, install, checkout
and operate the test complex instrumentation and contrel system. * This work,
authorized in October, was to be completed by 10 December 1963, Meanwhile,
construction bids were solicited and the Army Corps of Engineers, on 20
November, awarded a construction contract to Diverco Company. Within 10

days construction work was underway at the site.

The new solid motor test facilities included construction of test stand
1-36A, designed as a single bay for horizontal tests of either one 120-inch
motor or one 160-inch motor, and test stand 1-36B--located a safe distance
away--a more elaborate facility for vertical testing of either one 120-inch or
one 160-inch motor. The latter stand, primarily designed for testing the
liquid—rthrust veétor cont'r'ol system, consisted of two ehcloSed 90-foot-high,
30-foot-square towers. In addition to the test stands, a hardened instrumen-
tation and control building contained a complex maze of equipment for con-
trolling test operations and re cording test data. A shop building, administra-
tion and instrumenta.tioﬁ building, solid motor étorage buildings, an instrument
relay building, several other minor support structures, and a heévy duty’

connecting roadway would complete the test installation.

A field office of the space division's e‘ngineeriﬁg directorate was established
at Edwards Air Force Base to monitor construction progress and manage
_installation and checkout of instruméntation and control systems. As con-
struction continued into the spring of 1963 it was apparent that the already
tight work schedule was falling behind. Bad weather interfered with concrete

placement and high winds delayed installation of metal siding. Then, on 20

% The need for prompt action overrode the usual Titan III rule against use
of letter contracts. During May 1963 the contract (AF 04(695)-244) was
" defined and priced at $4,830,000. _



May, & _]urlsdlctlona.l strike not d1rectly 1nvolv1ng work at the test complex
'but Wthh prevented work there, delayed construction another 10 days. The
contractor, Diverco, then declared bankruptcy, and while the bonding com-
pany installed a new prime contractor (Tidmarsh) there were several more
weeks of reduced operations. In addition, mainly because the'rlow compressed
schedule offered-no other course, .insta.lletion and checkout of test instrumen- |
tation was undertaken before the completion of construction, always e harried
| and difficult task. In the face of all these difficulties, construction was com-
pleted by 17 September 1963. The pacing element was now installation and
checkout of the test instrumentation. In this connection, performance of
United Technology Center's instrumentation subcontractor, Fischback and
Moore, was a source of Air Force worry--with adequate reason. Any signifi-
cant delay beyond the 10 December 1963 contractual cloeing date endangered
the entire ‘Titan III development schedule. By the close of 1963 their work
was contmumg but progress appeared to favor a completion date cf 10 Febru-
a,r_y 1964--a delay which with some stress could be absorbed without altering

the overall development timetable. 38

Titan JII Launching-System :

In the fall of 1961, when the space divisien'was directed to begin specific

- Titan. III pla.nnlng, an immediate effort was made to apply some important
concepts of the Phoenix study to produce tangible advances in space operatlons
Among the most 1mportant of these was a proposal to completely revamp

- conventional space launchiné methods by adopting a bold new concept for the
entire launching process. Heretofore, space operations had been characterized
by an expensive and lengthy sequence of aeserhbly and checkout beginning,
usually, in a shop some distance from the launch stand. When every com-
ponent was operating properly the vehi.cle would be torn down, transferred to
the launch stand, erected, and the booster and payload essembled once again.
Then the exhaustive checkout procedure would be repeated. Inevitably there
were repairs to be made and faulty components to be replaced. Finally,
following days and sometimes weeks of checking--while monopolizing the

39

launch stand--the vehicle would be ready for launch.
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The answer to the problem was not the superficial expedient of building
more launch stands, even if there were sufficient land in the right places
and enough money, but rather one of assembling and checkmg out the com-
plete launch vehicle relatively close to the launch pad and then transferring
in on a rnobile platform to the launching pad in a ”ready to go" status. Thus
was generated the concept ‘of the "integrate-transfer-launch" sequence,
usually abbreviated as the "ITL" system, one of the most irrlportant ad-

vances included in development of_the' Titan III space vehicle system.

The first preliminary Titan III deveiopment plan, submitted to the defense
engineering office on 5 October 1961, recommended construction of "ITL"
Jaunch facilities at both the Atlantic and Pac1f1c Missile Ranges. It was
estimated that the system would permit up to 75 launches a year from two
launch pads. This launching rate, if conducted by means of conventional
launch procedures, would cost at least $80 million a year more than those
performed with the new system. These savings were possible, said one

engineering authoriiy, because the "ITL" concept was an " . . . application of
industrial engineering principles and assembly- line procedures {(insofar as
they are practical) to the design of entire ground systerns for la.unchmg space
vehicles. " 41 By 13 December 1961, plans for the new launching system had
" been informally approved by the defense engineering office. The space
division's eng1neer1ng directorate detached six of its people to work directly
with the Titan III program office orga.nrza’cmn Arc}ntectural engmeermg
work statements were prepared estlmatlng and budgeting of construction
costs was completed design criteria were developed, and vital reviews and
conferences were held so construction could begin on schedule. Study of
potential sites was begun, although the choice was sharply limited. The re-
sults indicated that various constraints--separation distances dictated by
acoustic, safety, and toxic factors, and real estate availability--would make
it necessary to create land fill and locate much of Titan III's "ITL" launching

system out in the Banana River at a safe distance from the older launching

areds.



- By early January 1962, site selection surveys were underway at Cape
Canaveral. It was apparent that sélectin_g an exact site location woﬁld 'be‘
difficult although the problem was alleviated somewhat by an early decision_-
to convert the Titan II Complex 20 to a Titan IIIA capability. Titan III site
loca.tlon wa. g a.lso complicated by the interests of other cape users, particularly
the c1v111a.n space agency, whose ambitions and launchmg requlrements were
rapldly expanding. * After weighing these various considerations, the space
d1v1s_1on proposed locating the pads north of the older sites and suificiently
distant (9,400 feet) to be safe. 43 ' |

Engineering planning was directed accordingly. In February, Ralph M
Parsons Company was selected as the architect-engineer to design the new
system ‘The contract was 51gned on 28 March.  Kononoff and Smith were
selected to assist the Parsons Company in engineering work at-the site. The
- division also enlisted the Corps of Eﬁgineers Di'strict Engineéring Office,
Jacksonv1lle, Florida, to perform site surveys and test borings of tentatively

selected constructwn areas.

On 2 March 1962 an informal site selection committee répresenti.ng' the

Department of Defense, the cornmand the space d1v1510n and the m1551le test

sk

center examined the proposed site and 1nf0rma11y agreed to the siting pla,n o

# An 24 August 1961 agreement between the Department of Defense and the
civilian space agency applied to all users of Cape Canaveral facilities.

" The Webb-Gilpatric Agreement designated the Air Force manager of -
all cape space functions in behalf of ". .. NASA, as well as other users.
This management function includes the Master Planning, which involves
the site selection of launch areas and support facilities to meet the long-
term requirements of all users, both DOD and NASA. "

The group included J. H. Rubel and L. L. Kavanau, Department of
Defense; Colonel F. Kane and Lieutenant Colonel D. 1. Carter, Systems
Command; Colonel J. S. Bleymaier, program director, Space Systems
Division; and Major General L. L. Davis, Commander, and Lieutenant
Colonel M. R, Carey, Air Force Missile Test Center.

.
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The division was then instructed, on 19 March, to proceed with preparation
of detailed designs of the "ITL" facilities to be located ... north of Launch

Complex 37 in the area commonly known as the False Cape.

This decision permitted an immediate start on preparation of detailed

‘site engineering design work. It proved to be an involved and complicated
task requiring complete integr‘ation of varied subsystems into an efficient
functioning launching system. Close coordination between interested agenc1es-—-
the program office, Aerospace Corporatlon, Martin, United Technology |
Center and the architect- englneer-—was mamtalned by a nearly continuous
series of meetings and engineering conferences. and the practical expedient

of a551gn1ng contractor representatlves to work in each other's de51gn offices.
By mid-July 1962 de sign work for modification of Complex 20 was completed
and the site engineering plannlng for the remainder of the mammoth installa-

tion was on schedule.

As may be observed in the .accompanyiﬁg illustrations, a large part of
the Titan III site area was created by dredging new land fill out of thé Banana
River for storage aﬁd assembly buildings and the roadway to the launching
pads. Major system components would be received and processed at the
southern end of the site located on a man-made island connected to the cape
by a rail line causeway. (The first plan to sh1p in solid motors by barge was
dropped in favor of all rail shipment.) In any case, here would occur the
most important step in the launching sequence. A vertical 1ntegrat10n bulld—
ing--a four bay 20-story structure (350 by 260 feet and 240 feet high)--was
planned to furnish space for assembly of the booster and payload vertically
" mounted on the rail-rhobile transporter platform. The booster and payload
‘would be linked to associated ground equipment and checkout instrumentation
by connecting cables. A launch contr’ol center within the building would con-
tain the equipment to perform complete checkout of the booster and its pay-
load and it would serve as the "nerve center" for final checkout, launch, and
control of the flight vehicle. Cables would connect the launch control center

with the ground equipment vans and the flight vehicle at the launching pad. 47
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When the assembly and check.out work wWas c'om-pleted the mobile plat-

forrn with the Titan IIIA and its two umb111ca1 masts towering overhead would

" move along two sets of railroad tracks 27 feet apart, powered by two 1,000

horsepower diesel-electric locomotwes Four. mobale vans of ground equip-
ment would move along behind the platforrn, linked to the booster and payload |
: by connectmg cables through the umbilical masts. If it was a configuration
IIIA launch, the complete assembly would move directly to the launch pad. If
an additional 2,000,000 pounds of thrust was necessary for the space mission,
the booster-payload would be moved through the SOlld motor assembly building
for an 8~hour mstallatmn of the two solid motors. - The entire as sembly would
then be :gove_d to the launching pad for liquid fueling,” final brief checkout and

launch..

The launch pads, except for being larger, would be similar to other
installations at the cape. Each pad deck and foundatmn would contain a.pprox1—
mately 10,000 cubic yards of concrete spread over a diameter of about 600
.feet The pad would contain a dry flame deflector and’ exhaust duct as well as
support and service structures located about or under the launchlng pad. On
arriving at the launch pad, Titan IIT would be lowered into launch position by
hydraulic lifters, equipment vans would be moved to the protection of concrete

“buildings, and the umblllcal masts would be removed A mobile 240—foot high
- service tower would remain adjacent to the flight vehicle during checkout and
servicing and then be rolled away before launch. . Pad 40 would be completed
first and then pad 41, farther ‘north; would be finished to complete the entire
"ITL" constructmn program. Pad 42, planned but not funded, would be added

later if future operations so required.

By the close of October 1962, site design effort for the "ITL" system was
camplete and, on 12 Novembel;, a _contratt for pr'eparation of the site was
awarded. The award of successive construction contracts now marked the
progress of the program. On 5 December a contract to modify the Complex
20 engineering building was issued and on 10 December a contract to modify"
the launch stand and associated ground equipment to accept Titan IITA. Mean-
while, designs of the steeland concrete WITL® structures, startedin July 1962 and

underway through the balance of the year, were completed late in February 1963. '
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As the construction program prepared to move mto full actnnty, the
Air Force became 1ncreasmg1y concerned. lest the construct1on effort, under
the control of the Army Corps of Englneer_s,_be enveloped by the enormous
civilian space agency moon shot construction program already_underWay at
the cape. On 26 March 1963 a meeting was arranged berween General B. A,
Schriever and Major General A. C. Well.in.g, in charge of Army Corps of
‘Engineers South Atlanta Division. General Welling indicated that he was pre-
pared to enter into certain arrangements to assure ". .. proper Corps of
Engineer's attention to the accompllshments of the Tltan III work at the Cape. "
General Welhng also announced organazatlon of a new Corps of Engineers
Canaveral District with two deputy district englneer_s, one _for the civilian
space agency and one for the Air Force, The Air Force, on its part, had
certain Gordian knots to untangle. To shorten the administrative channel
between the Titan III program office and the contractmg officer supervmmg
_ onstructlon, an engineering - management office was created within the
6555th Aerospace Test Wing. The new office would be manned by both govern-
ment e'ngineers and contract archite ctual—englneenng pe rsonnel and would
have "the maximum of authority and responsibility. . . to manage and direct
the construction effort. " Furtherrnore, the Corps contracting' officer would
be ". .. responsive dlrectly and 1mmed1ately to the 6555th ATW W1thout the
intervention of the Division Englneer, the AFRCE-—SAR or higher Air Force

or Corps of Engmeer 8 authorlty

The plan became effective 1 Apr11 1963 and the new civil’ eng1neer1ng
organlzatlon of the 6555th Aerospace Test Wing' rapidly assumed field con- 7
struction surverllance of the work in progress. L1eutenant Colonel A. erght
was appointed 'I'fitan III Task Force Civil Engineer with Air Force and archi-
fectual—engi‘neering personnel working u;nder. his direction. Colonel Wright
held a "two hat" responsibility. As the Titan III chief field engineer he was
responsible through the 6555_th commander to the comrnander of the space.
division to assure that Titan II1 faeilitie.s were built_pr-oper'ly and on time. He
was also the Air Force Regional Civil Engineer, .re'sponsible for surveillance
of the Titan III construction work, reporting directly to the Director, Civil

Engineering, at Air Force headquarters.

"



To assure that steel and concrete would not form a monument to human '
error, design criteria and plans covering civil, electrical, mechanical,.
structural and architectural engineering w-ere thoroughly reviewed and revised
‘before construction began, a task not completed until 10 June 1963. To ease
contractual administration of the ma.mrrioth task, the ﬁoté.l’- "ITL" construction
program was divided into four "packages, ¥ thus simplifying review of the
drawings, allowing for design of the larger structures, and furnishing a means

of breaking down the whole program into logical groupings for allocation to

contractors.

The first design package ready fof contracting was forwarded to the
Corps of Engineers on 5 April 1963. Size and complexity of construction
eliminated 'all. but those contractors possessing the greatest resources to per-
form the work. Bids were openéd 6 June and a c'ontra..ct‘ for package two--con-
struction of Complex 40, 41, andrrela,ted installations--was awarded to two
jdint venture contractors, C. H. Leavell and Peter Kiewit, on 13 June 1963 at
a bid cost of $12,678,873. o Slightly less than two weeks later, on 26 Jume,

trucks and men moved in to start construction of the Air Force's first

"Integrate- Transfer- Launch" system.

The Corps of Engineers combined the remaining three packages into one
contract. This contract, like the first, was offered to a selected list of bid-
ders on 26 June. The bids were opened on 30 July and the contract was

awarded 6 August 1963 to joint contractors Morrison, Knudson and Paul

Package one included the warehouse, ready building, supply and issue
buildings; package two, Complex 40, 4] and related facilities; package
three, "ITL" rail system and utilities; package four, vertical integra-
tion building (VIB), solid motor assembly building (SMAB), segment-
receipt-~inspection building (RIS), motor inert component assembly-
storage building (MIS), segment arrival storage building (SAS}, and
segment ready storage building (SRS}

#% The contract included launch pad and mount, aerospace ground equipment
- building, umbilical tower, mobile service tower and support facilities.
- The Air Force estimated the contract would cost $5,743,020 for Pad 40
and $5,666,540 for Pad 41. ' '




Hardeman at a bid cost of $22,480,000. Building construction work started

just three days later. 35

Construction was off to a good start, Site preparation of the entire "ITL"
" installation was completed by 25 August and construction ﬁctivity continued
without delay. On 16 September modifications of Com-piex ZO:t.o'a.ccomoda.te-'
1a.unch of Titan IIIA {c;ore only) wére completed. By the close of 1963, con-
struction of the two pad installations was 25 percent complete--the entire job
was to be finished by the close of February 1965. Construction of utilities
and bﬁildings was 12 percent complete and on schedule with the total con-

struction job scheduled to be finished in October 1964, 56 -
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SUMMARY

In retrospect, the early Titan III program not onljr demonstrated a
capacity for survival amid difficulties but established, as well, a record of
"significant achievement. By 1961 the Air Force, the victim of a fechnologi-
cal fate Wthh threatened its tradltlona.l role and no longer in full control of
its development programs, confronted a historical ‘moment of cha.nge Yet,
by adjusting to the new situation, the Air Force obtained the assent and
resources necessary to start development of an advanced high performance

space launch vehicle it resolutely held essential to the nation's defense.

'At-mid—point, the success of the Titan III-progré.m was measured more

in the managerial emana.tic_)ns. from briéfing rooms and council chambers of
the Penta.gon than from completed vehicles and flight tests. In the program's

short life span the most dra.mat:u, triurmphs had been those of persuasmn.-

Indeed the Air Force found it necessary several times over to assure and

convince assorted audiences that Titan III was essential to the nation's secur-
ity. Yet, a.s the program continued ‘through 1963, there was increasing

;r-e_cogmtlon.of Titan III's basic utility. Secretary of Defense R, S. McNamara,
- at a 10 December 1963 Pentagon news briefing, sa.ld that although the potential

requlrements for manned military operations in space were not clear, the

| dm1nlstrat10n saw the need for "a carefully controlled and ca.refully scheduled
' program of developlng the techniques which would be required were we to

ever suddenly be confronted with a military miséioﬁ in spé.ce «.." He

added: "... it is for that reason. .. we proposed and the Congress approved

the Titan III program. "

The lesson was clear.
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