
PHOTOGRAPH THIS SHEET

DOCUMENT~ IDENTIFICATION Ply%&

uGe~es C(aer~ene J.; ~.~

DtTntrlNBTATE36M A

I Dietbutim Un~be

DIMrR3WION STATEMENT

A~CCESSON FOR
Wfls GRA&I
DviC TAB 0UNANOUNCD 0DTIC

I IMAY 3 19l E

DISTM.UUIN/ D)
AVAILABILITY CODES

DIT AALAD/l PCA DATE ACCESSIONED

DbWILrIO~rUNANNOUNCED

83 05 20 02 8
DATE RECEIVED IN DTIC

PHOTOGRAPHI THIS SHEET AND RETURN TO DTIC-DDA.2

OTICOPCO"M7970ADOCUMENT PROCESSING SHEET

1,1



AFSC Historical WO~SEE
PublcatonsSeries

FT DYlA*SOA
volume I

(Narrative)-C5rYE) (4iZ

ume autbority of f e rse14

0 .0

:63.ASE-94
~! .Copy~



ISSICUmY CLASSIFICATION OF THIS PAGE (Whon 0se Entomef'

READ INSTRUCTIONSREPORT DOCUMENTATION PAGE i3EFORE COP' 4.ThIN FORM
1. RPORT NUMBER 1.GOVT ACCESSION NO. 3. RECIPIENT'S CA. ALDO NUMBER

ASD-TR-63- 50-1 _____________

14. TITLE (and Swkillo) S. TYPE OF REPORT II PERIOD COVERED]

History of the X-20A Dyne-Soar Final report
Volum I (arraive)September 1963
Volue I Narrtive S.PERFORMING 0111. REPORT NUMBER

7. AuTI4OR(q) 6. CONTRACT OR GRANT NUMUIER~s)

Clarence J. Geiger

S. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASKC
AREA & WORK UNI1T NUMBERS

It. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Historical Div., Aeronautical Systems Division October 1963
Information Office (AFSC) 13. IWMER OF WAGES

WrihtPaterson AFB OH 45433 150_____________

14. MOkCTORINO AGENCY 0*. -ME & AOORESS(if dlifervnt from, Controling. Ollie*) IS. SECURITY CLASS. (of this reoodr)

Un'classified
IS.OCLASSIFICATION/OOWN01GRAOINiO

SIEDU LE

14, DISTRI11UTIOW STATEMENT (of if,. Report)

Approved for Public Release; Distribution Unlimited.

17. DISTRIBUTION STATEMENT (of tA. .4. tract entIered in Block 20. it dijftent~ "ag Reoret)

IS. SUPPLEMEN6TARY NO0TES

AFSC Historical Publication Series 63-50-1

19. KEY WORDS (COWWMIw oft teveqee old* Of noteoewl mwd ide.,tift by block Maser)

2 0. ABSTRACT (Coninawi on teewee eddeiftI nooossar mwd fdontitr by block nwmbee)

SO ~ 1473 EDITIOm oF 1 Nov so IS OUSOLETS

SECURITY CLASSIFICATION Of THIS PAGE (WheDom e 0041;1 d

tr 2f___



(This mae 1. UNcZAS3IF=)

THS X-20A DnUL-O*1

wie eof t4210-3
Fozce to" .R r. 1 the

Part the tod 5 te ?bra. torical

This coaftalm2 Zution ea~tinfg the toa
4fft e. a Uni~ted 3 id uenirg the

Titl isU. S tim 7 794.
or te IA n Ofaz

MIw1'1:antby

63AM-94

0 Jil



ai m

(This Page is Unclassified)

HISTORI OF

THE X-20A DMhA-SOAR

by

Clarence J. Geiger

Historical Division
Information Office

Aeronautical Systems Division

Air Force Systems Command

October 1963

Approved by:

•MJor General# USAY
CowanderpS

SChe f, r lDi Leutenant Colonel, USAF
p ~~Cghief, 6istorical Divisionofnomol

Office of Information Di~etor of Infornationi. il0



VIP

UNC A MIREID

eI 1

4A

4t ASMfl



UNCLASSIFIED

ACNOLEGEMENTS

Rather than offer a prolonged list of indeltedness, the author

simply wishes to state his appreciation to the personnel of the Dyna-

Soar System Program Office of the Aeronautical Systems Division. It

is doubtful whether any other Air Force historian experienced such a

high degree of cooperation as given by the Dyna-Soar office to this

author. The task of accomplishing research in the files of a system

7 program office certainly became a most pleasant ind rewarding occasion.

While responsibility for this history rests with the author, he would

also like to thank his colleagues in the historical division for their

immeasurable assistance in the preparation of this draft for publication.

September 1963 CLARENCE J. GEIGER

1'

UNCLASED
T

na flun
MO d!--i



UNCALAWSF-

TABLE OF CONTETS

VOLUME I

List of Illustrations . . . . . . . . . viii

Chronology . .. •• ix

Chapter I - Seven from Peenemunde . . . . . 1

Chapter I- System464L . . . . .* * 28

Chapter Ill- Alpha to One • • . • • * * 55

Chapter IV- Redirection . . . . . , . 78

Glossary of Abbreviations * . . . . .a . 129

Index 133

VOLUME II

Documents 1-124

VOLUME III

Documents 125-303

vii

I 1 1N 10



U N CLAIWINJ

LIST OF flIMSRATIONS

Frontispiece The Dvna-Soar vehicle (artist's drawing)e iii

1 The Titan II10 and Dyna-Soar prior to
launch. 96

2 Dyna-Soar flight during solid-stage
burning. 97

3 Second-stage ignition. 98

4 Transtage separation* 9q

5 Transition section separation. 100

6 Beginning ot re-entry glide. 101

7 Re-entry glide during high temperature
regim. 102

8 Landing. 103

&; I

IAKtM

Lim



I

CHRONOLOGY

1944 August Drs. Eugen Sanger and Irene Bredt of the German
air ministry completed their calculations for
a manned, rocket bomber.

1945 January 24 The rocket development division of the German Army
successfully launched, for the first timep an A-9
vehicle.

1946 May RAND authorities determined that it was feasible to
design a capsule with wings for manned space flight.

1952 April 17 The Bell Aircraft Company offered a proposal to the
Wright Air Devel6pment Center for a manned bomber-
missile, known as Bomi.

1954 April 1 The Air Force and the Bell Aircraft Company arranged
a contract for the study of an advanced, bomber-
reconnaissance weapon system.

1955 January 4 ARDC headquarters issued System Requirement 12,
which called for studies of a reconnaissance aircraft
or missile possessing a range of 3,000 nautical miles
and capable of reaching 100,000 feet.

May 12 Air Force headquarters announced General Operational
Requirement 12 for a piloted, high-altitude, recon-
naissance weapon system available by 1959.

"September 21 The Bomi contract of the Bell Aircraft Company
was extended as a study for the Special Reconnaissance
System lUSP?

December 19 The Air Force requested the aviation industry to
investigate the feasibility of developing a manned,
hypersonic, rocket-powered, bombardment and recon-
naissance weapon system.

"" 1956 March The Research and Target Systems Division of ARDC
headquarters completed an abbreviated development
plan for a glide-rocket, research system, designated

March 20 The Air Force and Bell Aircraft Company completed
* negotiations for a study contract involving

Reconnaissance System 459L, Brass Bell.



1956 June 12 ARDC headquarters issued System Requirement 126,
outlining the requirements for a rocket-bomber,
named Hobo.

November 6 ARDC headquarters issued System Requirement 131,
requesting information from Air Force agencies
for the preparation of a Hywards abbreviated
development plan.

1957 30 Air Force headquarters directed the Air Research and
Development Command to formulate a develcpment plan
encompassing all hypersonic weapon systems.

June 20 A committee, with representation from ARDC headquarters,
the Wright Air Development Center, the Cambridge Air
Force Research Center, and the Air Materiel Command,
was formed to evaluate contractor studies on Hobo.

October 10 ARDC headquarters consolidated Hywards, Brass Bell,
and Robo studies into a three-step abbreviated
development plan for System 464L, Dyna-Soar.

November 15 Air Force headquarters approved the abbreviated develop-
ment plan :or Dyna-Soar.

25 Air Force headquarters issued Development Directive
94, which allocated $3 million of fiscal year 1958
funds for Dyna-Soar.

December 21 ARDC headquarters issued System Development Directive
464L, directing the implementation of the Dyna-Soar
program.

1958 May 20 The Air Force and the National Advisory Committee for
Aeronautics signed an a&reement for NACA participatiun

S•in the Dyna-Soar program.

June 16 The Air Force announced that the Boeing Airplane Company
and the Martin Company had been chosen to compete,
during a period of 12 to 18 months, for the Dyna-Soar
contract.

September 30 Air Force headquarters informed Detachment One of ARDC
headquarters that the $10 million procurement fund for
fiscal year 1959 had been canceled from the Dyna-
Soar program.

Si



"1958 November The Dyna-Soar project office completed a prellminary
development plan, involving a two-step program: the
development of a research vehicle and then a weapon
system.

1959 January 7 Deputy Secretary of Defense, D. A. Quarles reinstated
the $10 million of fiscal year 1959 funds for the
Dyna-Soar program.

February 17 Air Force headquarters revihed General Operational
Requirement 12. Instead of a high-altitude recon-
naissance system, ARDC was to develop a bombardment
system.

April 13 Dr. H. F. York, the Director of Defense for Reeearch
and Engineering, established the primary objective
of the Dyna-Soar program as the suborbital exploration
of hypersonic flight*

May 7 ARDC headquarters issued System Requirement 201. The
purpose of the Dyna-Soar vehicle was to determine the
military potential of a boost-glide weapon system and
provide research data on flight characteristics up
to and including global flight.

June The Dyna-Soar source selection board completed its
evaluation of the proposals of the Boeing Airplane
Company and the Martin Company. The board recommended
the development of the Boeing glider but also favored
the employment of the orbital Titan C boostar offered
by Martin.

November 1 In a development plan, the Dyna-Soar project office
formulated a new three-step approach, involving the
development of a suborbital glider, an orbital system,
and an operational weapon system.

9 The Secretary of the Air Force announced that the Loeing
Airplane Company was the system contractor, while the
Martin Company would be an associate contractor for
booster development.

24 Dr. J. V. Charyk, Assistant Secretary of the Air Force
for Research and Development, directed a Phase Alpha
study to determine the validity of the Dna.-Soar
approach to manned, orbital flight.

-x,



1959 December 11 The Air Force and the Boeing Airplane Company
completed contractual arrangements for the Phase
Alpha study.

1960 January 27 The Vice Commander of the Wright Air Development
Division directed the formation of an Air Force
committee to evaluate the contractor studies for
Phase Alpha.

February 8 Lieutenant General B. A. Schriever# Ai)C commander,
and Lieutenant General S. E. Anderson, AMC commanderp
signed an agreement Ahich delineated the responsibilities
of BMD and AMC in the Dyna-Soar program,.

March The Air Force committee concluded from the Phase Alpha
study that a glider with medium lift-to-drag ratio,
such as Dyna-Soar, would be the most feasible approach
for an investigation of manned re-entry.

April 1 The Dyna-Soar project office completed another develop-
ment planp detailing the three-step approach first
offered in the November 1959 development plan.

8 Professor C. D. Perkins, Assistant Secretary of the
Air Force for Research and Development, approved the
Phase Alpha results and the development plan and
directed i'oplenentation of the suborbital Step I.

U.1-14 The Air Force and the National Aeronautics and Space
Administration held a joint conference at the Langley
Research Center# Virginia, to provide industry and
government agencies with a progress report concerning
manned hypervelocity and re-entry vehicles.

19 The Assistant Secretary of the Air Force for Materiel,
SP.B. Taylor# &uthorized the negotiation of fiscal
year 1961 contracts for the Step I program.

• 22 The Department of Defense endorsed the Dyna-Soar
program and permitted the release of $16.2 million
of fiscal year 1960 funds.'

27 The Air Force and the Boeing Airplane Company
negotiated a letter contract for Step I of Dyna-Soar.

I
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1960 June 8 The Air rce gave the Martin Company responsibility
for the aw.alopment of the Dyna-Soar booster airframe,

9 The Air Force completed arrangements with the Aero-
spaca Corporation to provide technical services for
the Step I program.

27 The Air Force authorized the Aero-Jet General
Corporation to develop booster engines for the
Dyna-Sar system.

Jul 21 Air Force headquarters issued System Development
Requirement 19, which sanctioned the three-step
approacb.

August 4 ARDC headquarters directed that the conduct of flight
testing be firmly placed in the control of the project
offices.

October 12 Air Force headquarters issued Development Directive
41, which gave approval to Step nl and III studies.

Air Force headquarters requested the project office
formulate a "stand-by" plan for accelerating the
orbital flight date zX t.e Dyna-Soar program.

* November 28 The AssisLant SecretagV of the Air Force requested
ARDC to examine the feasibility of employing Titan
1I instead of Titan I for Dyna-Soar suborbital flights.

December The Dyna-Soar office completed a "stand-by" plan wdhich
would accelerate the program by amploying the same
booster for both suborbital and orbital flights.

6 ARDC headquarters issued a system study directive,,
which allotted $250,000 for a Step III study.

The A.r Force granted authority to the Minneapolis-
Honeywell Regulator ComparW to develop the primar7
guidance subsystem.

16 The Air Force completed negotiations with the Radio
Corporation of America for the development of the
conmnication and data link subsystem.

"IlkI
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1961 Jarniar7 12 Air Force headquarters announced that Titan 11 would
be the suborbital Step I booster*

February 3 Air Force headquarters informed the Dyna-Soar office
that the fiscal year 1962 funding level had been net
at $70 million,

14 The Air Force and the Joeizg Airplane Campany completed
negotiations for Stop IA and lIE studies.

Parch 28 Air Force headquarters announced that the Departmt
of Defense had decided to raise fiscal year 1962
funs for Dyes--Soar to $100 million.

April 24 Dr. Jo V. Char'k# Under Secretar7 of the Air Force,
authorized the negotiation of contracts for the
entire Step I program.

26 The Dyn&-Soar program office completed a systea
package program further elaborating the three.-
step approach.

KAY 4 The Boeing Compar: offered a nstreamline"
approach for accelerating the Dyna-Soar progam
by the eluLnation of suborbital flights.

12 A Dyna-Soar technical evaluation board recomded.
the Martin C plan for a Step IA booster*

29 The Space Syste DiTision completed two develoment
plan for an Advanced Re-entry Technology program and
a SAINT Iprograz.

JIY 1 Tha Dyna-Soar Directorate of the Space System
Divisi••n recmendod employmnt of the Phoenix
A388 space launch system for the Step Ilk booster.

Agust The Dyna-Soar program ws placed under the jurisdiction
"of the Designated System Management Group of Air
Foro Headqarters.

General B. A. Sohriever, APSC cmnderp, directed a
study for a Manned, Milit&ary Space# Capability
Vebicle.

1. r
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1961 September 11-22 Air Force and NASA officials conducted a mock-up
inspection of the Dyna-Soar system at the Boeing
Company facilities in Seattle, Washington.

28 The Air Force completed the study of the Manmed,
Kilitary, Space, Capability Vehicle.

October 7 The Dyna-Soar program office completed an
abbreviated development plan for a Dyna-Soar
mitary system.

23 The Department of Defense approved the Titan 311
ab the space launch system for the Air Force.

November 16 The Deputy Commander for Aerospace Systems completed
a development plan for the Dyna-Soar program, which
characterized the program as a maimed, orbital
research system.

December 11 Air Force headquarters approved the November 1961
development plan.

27 Air Force headq'zarters issued System Program
Directive 4# which forma~ized the objectives of
the November 1961 development plan.

1962 January 8 AFSC headquarters halted any further consideration
of a Step III study.

31 General B. A* Schriever, AFSC coniander, rescinded
the 4 August 1960 test policy and directed that
Air Force test wings and centers prepare and
implement test plans and appoint local test
directors for the conduct of AFSC 4.tght tests.

February 21 Air Force headquarters amended System Development
Requirement 19, by deleting referenoes to sib-
orbital flight and the development of military
subsystems*

23 Secretar of Defense, Robert S. XoNamara, officially
limited the objective of the Dyna-Soar program to

S the development of an orbital# research systeme

I "v
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1962 May 14 The Dyna-Soar program office completed a new
systema package program, which included imilti-
orbital flights.

Jun.e 26 The Department of Defense officially designated
the Dyna-Soar "lidr as the X-20.

30 The Boeing Company completed the Step IIA
and lII studies*

Ju1. 3 Air Force headquarters informed ABDC headquarter
that the Departmnt of Defense had given qualified
approval of the Miay,1962 sVstes package program.

Cc-tober 10 The Dyna-Soar program comleted a system package
program, which made X-20 flight dates compatible
with projected Titan MC1 schadules.

15 Air Force headquarters issued System Program
Directive 9, authorizing research and development
of Titan 1I19 System 6214.

16 The function of the ASD Field Test Office ma,
transferred. to the 6555th Aerospace Test Wing
of the Bellistic Systeal Division.

November The Department of Defense set $330 m~ilon. for
fiscal year 1963 and $125 million for 1964 as
the allotment for the Dyna-Soar program.k5-7 The Dynal-Soa Symposium wes held at Wright Field
to insure dislsedination of info~rmation to industry
and govez'isint agencies concerning progress in
Dyna-Soar technology*

26 The 1-20 office completed the "Westwardi~o plans.
which ps opsd consolidation of the flight control.
centers at Edwards Air Force Base.

December 19 The Ties CocinMe of APSO directed the establish-
ment of a manned, space flights, review group to
exudne all aspects of the, X-20 test program.

1963 Januar Ui The Dynia-Soar program completed a system package
progresm which incorporated the "Westward4lo"
proposale

0 RP-M- L N F 1
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1963 Janaxa 18 The Secretary of Defense directed a review of
the Dyna-Soar program.

19 The Secretary of Defense directed a review of
the Titan III program and the Gemini program
of NASA,

21 The Department of Defense and the National
Aeronautics and Space Administration completed
an agreement for defense department participation
in the Gemini program*

February 26 Headquarters of the Air Force Systems Comnand
completed a position paper on the Dyna-Soar program#
reconending continuation of the approved program.

garch 15 The Secretary of Defense directed the Air Force to
conduct a comparison of the militar7 potentials
of Dyns-,Soar and Gemini.

30 Lieutenant General H. X. Estes, APSC vice commander,
forwarded four funding alternatives for the 1-20
program to Air Force headquarters.

April 12 USAF headquarters approved $130 million and W5
million as the most feasible fanding level for
the Dyna-Soar program in fiscal years 1963 and 1964.

Nay 9 General Schriever assigned responsibility for 1-20
orbital test direction to the Space Systems Division
and placed the flight control center at Satellite
Test Center, Sunnyvale, California,

10 Officials of the Space Systems Division and the
Aeronautical Systems Division completed their joint
response to Secretary NcNamara's request fnr the
military potentialities of Dyna-Soar and Gemini.

22 Lieutenant General O. J. Ritlandv Deputy to the
Commander for Manned Space Flight, AFSC headquarters,
forwarded the 1-20 and Gemini comparison to Air
Force headquarters with the recomuendation that theV Dyna-Soar program be continued.

rr OE
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1963 May 27 Based on an anticipated funding level of $a30
-4ilion for fiscal year 1963 and $V35 million
for 1964, the Dyna-Soar office completad a
system package program dwhich acknowledged a two
Mnth delay in the flight schedules.

June 8 The Secretary of the AirForce approved the 27
May system. package progrms,

July 3 APSC headqasrters-informd the 1-20 office that
the Department of Defense wuld only allow $125

illion for fiscal year 196.

31 General Schriever amigned responsibility for
1-20 air-launch program and pilot training to
the Space System Divisions

tS
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By March 1945, the Allies had overrun the possible launching areas

for the A-4 rocket, commonly knoao as the V-2. Germany had been denied

further employment of its mre advanced vengeance weapon. Awaiting the

and and under militar7 guard Lieutenant General Walter R. Dornberger/

director of guided missile development for the German ministry of ninitionsp.

"retired on 6 April with his Peenemmde band of rocket experts to the

recesses of southern Germany. The A-4 had prematurely reached operational

status in September 1944, and nearly 3#000 missiles were fired against

target.. Further development of this and other advaruced rocket weapone,
1

however, was hopeless. ItdLe employed too late to alter the apparent

outcome of the war, the A-4 not only radically changed the concept of

weapon delivery but offered the promise of rapidly wext ing the speed,

range, and altitude of manned flight.

The firec application of the A-4 rocket engine, capable of delivering

Sover 5e0,000 pounds of thrust, to the problem of extending the regime of

piloted flight was the forxImation of the boost-glide concept. Here#

a winged-vehicle would be propelled by a rocket booster to a sufficient

altitude where, after fuel in the rocket stages had been expended, the

craft e culd perform a gliding flight and then execute a conventional

landin. The first intense effort at the refinement of this concept

1
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began in 1943, under the direction of General Dornberger, at the German

Arzs research facilities in the east sector of Peeneinmde.

Dr. Wernher Yon Braun, Doruberger's assistant in charge of planning

and design, reasoned that by merely attaching wIngs to the A-4 airframe,

the range of this vehicle, now designated the A-9, could be extended

from 230 to 360 miles. The director of preliminary planning went further

and considered the possibility of placing the A-9 vehicle on a proposed

A-10 booster, capable of producing 440,000 pounds of thrust and accelerating

the craft to a velocity of 4,000 feet per second. With this arrangement,

the A-9 could traverse a distance of 3,000 miles in 17 minutee. Further

in the future, the rocket expert planned a milti-stage engine which could

boost the A-9 to orbital velocities.

By .dA-1943, preliminary designs had been completed, trajectories '

calculated, guidance "ste investigated, and wind tunnel data gathered

for the development of the A-9. Priority, however, demanded full effort

on the A-4, and General Dornberger halted the work on the A-9. Late in

19444, greater range for the A-4 was demanded and development of the A-9

was r.ensude After two unsuccessful laumnhinge, this advanced vehicle

zeached a height of 30 miles and a speed of 4,000 feet per second on 24S~2

Independent of the Peenum e gpr , Dr. lugen Sanger and his

assistantp Dr. Irene Bredtp we"epursuig a r investigations for the

G• erman air minatry's Rsarch Establihmnt for M~idre,', Pr Augst 1944,,

IMOM A
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they had completed their elaborate calculations for a manned, rocket

bomber. The winged-rocket was to have a length of 92 feet, a span of

50 feet, and a takeoff weight of 110 tons. Unlike von Braun, Sanger

preferred horizontal launch. For 11 seconds, a rocket sled would propel

the bomber along tracks, two miles in length, until a takeoff velocity

of 1640 feet per second was attained. Under power of its own rocket

engine, the vehicle would then climb to an altitude varying from 30 to

60 miles. At the end of ascent, the bomber would proceed in an oscillating#

glidin flight, conceivably circumnavigating the Earth.

Sanger was intent on explaining the military value of his proposed

system and detailed possible modes of attack. To achieve a strike on a

specific point, the vehicle would be accelerated only until it acquired

engh velocity to reach the target. After releasing its bomb, the vehicle

would turn at the lowest possible speed, ignite its engine, and then

return to its original base. For greater distances and bomb loads, the

possession of an auxiliary landing site near the target was necessary.

If such a site were not a-ailable, the rocket bomber would have to be

sacrificed. An attack on a larger area, however, did not necessitate a

low velocity over the target, and,, onsequently, there was more liktlihood

that the bomber could circumnavigate the globe.

The drawbacks to Sanger's proposal were obvious, and, consequently,

the Geran military did not give serious consideration to the rocket bomber.

The difficulties inherent in turning the rocket bomber at hypersonio speeds

UNCLAWMEDS1%



4 -O
only increased the desirability for an antipodal landing site. To depend

on the possibility of possessing friendly landing areas so near a target

was unrealistic. Even if a fleet of rocket bombers could circle the

Earthp a bomb capacity of about 8#000 pounds per vehiclejas estimated
3

by Sanger, could not have changed the course of conflict.

Apparently Russian military officials obtained copies of Sangerts

analysis at the end of the war and became interested in the possibilities

of boost-glide flight._ In 1958, an article which appeared in a

Soviet aviation journal referred to a Russian glide-bombing system,

capable of attaining an altitude o' 295,000 feet and striking a target

at a distance of 3,500 nautical miles. Later, an American aviation

periodical reported that Russian scientists were developing an antipodal,

glide-missile, designated the T-4A* By March 1960, the Assistant Chief

of Staff for Intelligence, USAF headquarters# estimated that the Soviets

were at least conducting research directed towards the development of a

boost-glide vehicle. Such a system could lead to the development

of a craft capable of performing reconnaissance and bombing missioas.

Air Force Intelligence analysts believed that limited flight tests of

the manmed stage could begin in 1962 and an operational system could be

available by 1967.

Soon after the war,, American m.litary officials also uxhibited

Sinterest in the possibilities of a boost-glide vehicle. Li 1946, the

ArmW Air Force, under a contract with the Douglas Aircraft Company,,

sheltered a group of American scientists and specialists in various

social seience areas in an effort to provide analyses and reeooendationa



relating to air warfare. One of the first studies completed under the

new Project RAND centered on the design of an orbital vehicle,

Basing their analysis on the technological developments of the

Peenenmznde scientists, RAND experts considered that it was possible, by

employing either a four-stage, alcohol-oxygen, or a three-stage, hydrogen-

oxygen booster, to place a 500 pound capsule in orbit at an altitude of

300 miles. The initial objective was to provide an orbitingJ, scientific

laboratory, nevertheless, RAND authorities stated that it was feasible to design
5

a capsule with wirgs for future manned flight. In 1948, RAND made a few

-•re studies investigating the technological difficulties involved in

flight beyond the atmosphere; however, the next step was taken by the

Bell Aircraft Company.

Dr. von Braun did not become associated with any American efforts

"in refining the boost-glide concept but, from 1945 through 1950, served

as a technical adviser for the Army Ordnance Department at the White

Sands Proving Grounds, New Mexico* Dornbergor, on the other hand, was

held in England until 1947 when he became a consultant on guided missiles

for the Air Materiel Command at Wright-Patterson Air Force Base, Ohio.

In 1950, he left the Air Force and became a consultant for Bell Aircraft.Si !
Perhaps the German missile expert was influential in persuading

this contractor to undertake a study of boost-glide technology, for, on

t I17 April 1952, Bell officials approached the Wright Air Development

Center (WADC) with a proposal for a maimed bomber-missile, abbreviated

to Bomi. Bell's glide-vehicle was to be boosted by a two-stage rocket

and was to be capable of operating at altitudes above 100,000 feet, at

(
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speeds over mach 4.0, and at a range of 3,000 nautZical miles. A month

later, Bell submitted a proposal to Wright center for the initiation

of a feasibility study. The conta-actor believed that the study would
6

cost $398,459 and would take 12 months..

W 28 November, the Air Research and Development Command (AMDc)

headquarters had completed a review of the Bomi project. While Bell's

proposal duplicated parts of the Atlas intercontinental ballistic missile

and the Feedback satellite reconnaissance programs, command headquarters

considered that some phases of Bomi woald advance the Air Force's technical

k•mledge. Consequently, ARC headquarters requested WADC to evaluate

the proposal with the view of utilizing the concept both as a manned
7

bomber and as a reconnaissance vehicle.

Wright center officials completed their evaluation by 10 April 1953

and listrd several reasons for not accepting the Bell proposal. A range

of 3,000 nautical miles was too short for intercontinental operations.

It was difficult to conceive how the vehicle could be adequately cooled,

nor was there sufficient information concerning stability, control, and

aeroelasticity, at the proposed speeds. Furthermore, Bell's estimated

lift-to-drag ratio was far too optimistic. Since it was to operate under

an extra= environmentl there was also the question of the value of

providing & piloted vehicle. Before undertaking awh a project, Wright

engineer. emphasized that the cost and militar7 worth of such a system

first had to be established. Center officials added that some doubt existed

concerning the ability of the contractor to complete the prograzi

Sisucceesfully. i .6
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Bell Aircraft, however, was persistent, and, on 22 September, its

representatives briefed ARDC headquarters on the Bomi strategic weapon

system. Brigadier Gene.-l F. B. Wood# Deputy Chief of Staff for Development,

did think th3 proposal "somewhat radical" but stated that it 4=uld not be

considered "outside the realm of possibilities." General Wood then
9

requested WADC to give further consideration to Bell's proposal.

Apparently, Wright center officials reconsidered their first evaluation

of Bomi, fo, in their reply to ARDC headquarters on 23 November, they

asswzed a more favorable position.

Wright engineers considered that the Atlas ballistic missile

and the Navaho cruise missile programs offered more promise of successful

development than Bomi. The Bell proposal, however, appeared to present

a reconnaissance ability far in advance of the Feedback program. Further-

more, Wright officials reasoned that the Bomi vehicle would provide a

teat craft for several unexplored flight regimes and would offer a guide

for the development of manned, hypersonic, military systems. Because

of the lack of information, Wright authorities did not. reconmmend the

the initiation of development but thought that the potential reconnaissance

value of Bomi neceesitated a two-year study program. Specifically, Wright

officials recommended that Bell be offered a $250,000 contract for one

year with the possibility of extending the study for an additional year.

This investigation should determine whether the piloted, Bomi vehicle

was more advantageous than an unmanned version and whether & reconnaissance

10
mission would comproumse the strategic striking ability of the system.

J S
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ARIC headquarters agmed and approved Wright center's recommendation.

Brigadier General Le I. Davis, acting Deputy Chief of Staff for Develop-

mentp emphasized that the strategic requirements for an intercontinental

Tehicle, with a range up to 25,000 nautical miles, should be considered.

General Davis stated that development of a program such as Bomi would

not be undertaken until other contractors could offer competitive

concepts. In accordance, the acting deputy chief of staff requested

that the Boeing Airplane Compan• include in its efforts for Project

MX-2145 (Design Studies for an Advanced Strategic Weapon System)
31

invest-igatins of a manned, glide-rocket system.

Boeing had undertaken MX-2145 in May 1953 in order to determine

the characteristics of a high performance bomber which could succebod

the B-58 Hustler and be capable of delivering nuclear weapons over

intercontinental ranges by 1960. Later, as directed by ARDC headquarters,

Boeing briefly considered the possibility of a manned, reconnaissance

glide-rocket. The contractor regarded the method of traveling an

intermediate distance and then reversing direction to return to the point

of origin as impractical. Ratherp Boeing umphasized that it would be

rmore feasible to orbit the Earth. The co-.tractorp however# pointed to the

difficulties of devising structured to withstand high temperature and

equipment for reconnaissance. let, because of the military potential

of such a system, the contractor thought that further investigations
12

were indicated.

On 1 April 1954a Wright center completed a contract with the Bel

Aircraft Corporation for a design study of an afvancedp bamber-reconna:ssance

- J cm=_
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weapon system. The contractor was to define the various problem areas

and detail the requirements for future program. Bell had to focus on

such problems as the necessity for a manned vehicle, the profiles of

possible missions, performance at high temperatures, ard the feasibility

of various guidance system.

Bell Aircraft now envisaged a three-stage system, with each stage

riding pickaback. This system would total more than 800,000 pounds. Bomi,

now designated as MX-2276, would be launched vertically, and the three

rocket engines would be fired similtaneously, delivering 1.2 million pounds

of thrust. Bell proposed manning the booster stage in order to achieve

recover7 by use of aerodynamic surfaces. The third-stage would also be

piloted and would carry navigation, reconnaissance, and bombardment

equipment. Bomi would be capable of reaching an altitude of 259,000 feet,

attaining a speed of 22,000 feet per second, and possessing a range of

10,600 nautical miles

The contractor believed that a piloted system such as Bomi held

several advantages over an unmanned vernion. Reliability of the system

would be increased, bombing precision augmented, and reconnaissance

information easily recovered. Furthermoret operational flexibility

would be enhanced with the possibility of selecting alternate targets.

"Unmanned instrumentation certainr' could not provide for all the necessary
24

contingencies.

* With the completion of the initial study in May 1955, the contract

a expired, but Bell continued its efforts without government funds or

direction. On 1 June, WADC personnel discussed with the contractor the

,*
S... . . -- ... . .. .. . . inn. . . .'. . .. .
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possibility of officially extending its work. The purpose of the Air

Force in considering an extension was to investigate the feasibility of

adapting the Bomi concept to Special Reconnaissance System 1i8P.

On 4 January 1955, ARDC headquarters had issued System Requirement

12, which called for studies of a reconnaissance aircraft or missile

possessing a range of 3,000 nautical miles and an operational altitude

of more than 100,000 feet. Wright center officials established System

lISP, and several contractors investigated the adaptability of boost-glide

rockets and vehicles using air-breathing engines to the system requirement.

To bring Bell into these efforts, ARDC headquarters gave assurance, in

June, that $125,000 would be released for the purpose of extending Bell'.

Bomi contract, and by 21 September 1955, contract negotiations were
15

completed. Bellts efforts would continue.

At the request of the Assistant Secretary of the Air Force for

Research and Development, Trevor Gardner, personnel from the ombarent

Aircraft Division of ARDC headquarters and Bell Aircraft gave several

presentations to ARDC and USA? headvqirteru in November, where the Bomi
16

concept was received with approval. Meanwhile, officials from the

laboratories of Wright center, the laboratories of the National Advisor7

Committee for Aeronautics (MACA), and the Directorate of Weapon System in

ARDC headquarters had evaluated the results of the Bomi study and had drawn

1several conclusionse

1on i August 1955, the management of weapon system development maa.

transferred from the Wright Air Development Center to ARDC headquarters.
Detachment One of the Directorate of Systes Management, which included
the Bombardment Aircraft Division, bowever, was lated at Wright-
Patterson Air Force Base.

I



Representatives from the three organizations thought that Bell-s

concept was theoretically practicable and promisingj, and that the BomiI

program should be continued to determine the feasibility of such a weapon

system. Emphasisp however, should be placed on a test program to validate

Bell's analysis. The members considered that the most advantageous

procedure for Boni would be a three-step program with the development of
17

a 5,000 nautical mile, i 10,000 nautical mile, and a global system.

By 1 December 1955, Bell had completed its final engineering report for

the supplementary contract and had expanded a total of $420,000 for the

Domi studies. For System llP, Bell's design had included a two-stage

rocket to boost a vehicle to 165,000 feet at a velocity of mach 15, The

contractor, howeverswas once again out of funds. Brigadier General H. Me

Estes, Jr., Assistant Deputy Commander for Weapon System, ARDC headquarters,

estimated that about $4 million more would be required for the next 12

to 18 months. General fetes then requested the Deputy Commander for

Weapon System at ARDC headquarters to allocate $1 million for fiscal

year 1956 and to grant authority for the continuation of the program.

While the question of future funding was being debated# officials

from the New Development Weapon System• Office of ARDC headquarters and

Bell Aircraft visited Langley Air Force Base, Virginia# in December 1955,

to obtain the views of NACA on the Boni concept% The advisory comamittee

had first become interested in the boost-glide concept when it undertook

a preliminary study in 1933 to determine the feasibility of manned"

bhpersonic flight. On 30 September 1955, Dr. I He Abbott, Assistant

7 7
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Director for Research, NtZCA, thought that more data was required before

a developnent program could be initiated for Bomi. Dr. Abbott hoped

that the Air Force would continue to inform NACA on the future progress

of the program in order that its laboratories could contribute to the

research program. The conference in December resulted in an invitation
19

to MACA for participation in the validation testing for Bomi.

Early in January 1956, the Intelligence and Reconnaissance Division

of ARDC headquarters informed the New Development Weapon System Office

that $800,000 had been allocated for continuation of Baxi. The Air Force,

however, considered that the Bell program should row be directed towards

the fulfillment of the General Operational Requirement 12, which had been

issued on 12 May 1955. This directive called for a piloted, high-altitude,

reconnaissance weapon system which was to be available by 1959. Accordingly,

the Air Force concluded a contract with Bell on 20 Xarch 1956, totaling

$746,500, for Reconnaissance System 459L, commorn1 known as Brass Bell.

In October, the c=ntract was extended to 31 August 1957, bringing total

expendituree to approximately $1 million. Later in 1956, Bell was awarded
20

an additional $200,000 and four more months to complete its work.

By December 1956, Bell Aircraft had conceived of a manned, two-stage

sytem which would be propelled over 5,500 nautical miles at a velocity
of 18p000 feet per second to an altitude of 170,000 feet by Atla thrust'

1 ichambers. With the addition of another stage, Bell engineers reasoned

that the range could be extended to 10,000 nautical mile, with a maximu
21

speed of 22,000 feet per second,

arm-iI



Whle the Air Force had channeled Bell's work towards the eventual

0 development of a boost-glide, reconnaissance system, it had not abandoned

the application of this concept to the development of a bombardment

vehicle. On 19 December 1955, the Air Force had sent a request to the

aircraft industry for a study which would incorpQrate analytical

investigations, proposed test programs, and design approaches for a

manned, hypersonic, rocket-powered, bombardment and reconnaisnerne

weapon system. Boeing, the Republic Aircraft Comparny the McDonnell

Aircraft Corporation, the Convair Division of the General Dntamics

Corporation, Douglas, and North American Aviation responded to the

request. Study contracts, amounting to $860,000 were awarded to the

latter three for investigations extending from May through December 1956.

Later, the Martin Company, Lockheed Aircraft, and Bell Joined in the

study. By the end of fiscal year 1957, an additional $3.2 million was

expended by Boeing, Convair, North American, Republic, Dougla4 and
22

Bell from their own funds.

On 12 June 1956, ARDC headquarters outlined the conditions for the

rocket-bomber study, now designated as Robo, in its System Requirement

126. The purpose of the study was to determ..ze the feasibility of a

manned, hypersonic, bombardment and reconnaissance system 'for inter-

continental operation by 1965. The main requirement of the proposed

"system was the ability to circumnavigate the globe and yet operate at

a -Inimu altitude of 100,000 feet. Furtherwore, the vehicle would not

* only have to perform strategic strike missions but, in addition, fuliI



a reconnaissance role. The contractors would also have to determine

the effects of carry-ir weapons, ranging in weight from 1,500 to

25,000 pounds# on vehicle design and investigate the feasibility of
23

laamching air-to-surface missiles.

The importance of advanced systems much as Brass Bell ard Robo was

given added emphasis by ARDC cozander, Lieutenant General T. S. Power,

at hi. conference on "radical" configurations, held on 15 February 1956.

General Power stated that the AIr Force should stop considering new and

novel configurations and should start developing them. Speeds to anW

conceivable extent and operation of -n-ied, ballistic rockets beyond
24

the atmsphere should be investigated.

Encouraged by General Power's statement, Major Go Do Colchagoff of

the Research and Target System Division, ARDC headquarters, considered

that one of the promising proposed programs was the manned, glide-rocket,

research system. This was to be a vehicle 8silar to Brass Bell and Robo

and would be used to obtain scientific data rather than, to fulfill a

military role. The research and target division prepared an abbreviated

developmnt plan. for the test system and uukitted it to Air Force

headquarters in March. On 29 June, headquarters approved the proposal
25

but requested a full development plan. Research and target managers,

hewever, had already encountered funding difficulties.

In April 1936, the research and target division had estimated that

$1 million wa required for the nmsed glide-rocket, and a total of $33.4

m114ion we needed for the research-vehicle progran, ih iich included

Zý"+
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the X-13, the X-14, the IB-47D, the X-15, and a vertical-takeoff-and-

landing (VTOL) aircraft. Air Force headquarters, however, had set a

ceiling of $8.5 million for all of these programs. The research and

target division then undertook negotiations with the Air Materiel

Command to determine a method of funding to alleviate this deficiency.

If this attempt failed, the division warned USAF head rters that the

Air Force would not have a research-vehicle program.

Air Force headquarters, however, drastically reduced the budget

for fiscal year 1957, allocating no funds for the manned glide-rocket.

General Power warned that this reduction would postpone his bold research

program for at least one year. He cautioned headquarters that this
27

action would seriously jeopardize America's qualitative lead over Russia.

In spite of inadequate funding, ARDC issued System Requirement 131

on 6 November 1956, which requested information from the ARDC director

of systems management, Wright center, the flight test center and the

Cambridge research center for the preparation of an abbreviated system

development plan. The manned, glide-rocket, research program was now

titled Hypersonic Weapons Research and Development Supporting System

(Hywards) and was classified as System 455L. By 28 Decemberp the A 2C

Directorate of Systems Pans had completed a development plan for Hywards.

The purpose of the bywards vehicle was to provide research data on

aerodynamic, structural, human factor, and component problems and

was to serve as a test craft for development of subsystems to be employed

in future boost-glide syetemo. The research and target division considered

cIu
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three propulsion choices as 3atisfactory for boosting Hywards* The

35,000 pound thrust chambers, employing fluorine-ammnia fuel, which

Bell had under development, was one possibility. The 55,500 and 60,000

pound thrust sustainer engines for the Atlas and Titan systems comprised

another. The 50,000 pound thrust XLR-99 engine, employed in the X-15

vehicle, was the third option. One of these rocket systems would propel

the Hywards craft to a velocity of 12,000 feet per second and an altitude

of 360,000 feet. The initial flight test program was to employ the air-

drop technique, similar to the 1-15 launch, while later testing would use

a, rocket-boosted, ground-launch method. The research and target division

emphasized that by appropriate modifications to Hywards, increased

velocities and orbital flight could be attained to provide contimning
29

test support for the Air Force's technological advances.

On 27 February 1957, the development plans for both Hywards and

Brass Bell were presented to USAF headquarters, where it was decided

that the two program. were complementary, and, therefore, should be

consolidated. Funding, however, proved more difficult. For fiscal year

1958, ARDC headquarters had requested $5 million for Hywards and $4.5

million for Brass Bell. AiLt Force headquarters, however, reduced these

requests to a total of $5.5 millions Lieutenant General D. Le Nttp

Deputy Chief of Staff for Development, USAF headquaerst, hesitated endorsing

the boost-glide program. The lack of Air Force funds necessitated giving

priority to the advanced eate2Ute reconnaissance systez, 1.7LO rather

than to Hroards or Brass Bell. Furthermore, the X-15 program would provide

* NS ' N
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a more dependable source of research data than the boost-glide programs.

Major General R. P. Swofford, Director of Research and Development, USAF

headquarters, djd recommend that $1 million be allocated for the boost-

glide systems, but, on 30 April, Air Force headquarters informed ARDC

headquarters that the two development plans were disapproved and that
30

a new plan, encompassing all hypersonic weapon systems, should be prepared.

Pefore the new development plan for Brass Bell and Hywards wa3

complete,.., additional investigations for the Robo program were accomplished.

On 20 June 1957, an ad hoc committee, consisting of representatives from

ARDC headquarters, Wright Air Development Center, the Cambridge Air Force

Research Center, and the Air Materiel Command, uas formed to evaluate the

Robo studies of the contractors. Advisory personnel from the Strategic

Air Command, the National Advisory Committee for Aeronautics, and the

Office of Scientific Research were also present.

During the first three days of the conference, the contractors

working on System Requirement 126 presented their proposals, most of

uwhich centered on the feasibility of manned vehicles. Both Bell and

Douglas favored a three-stage, boost-glide vehicle, the former employing

-fluorine and the latter, an oxygen propellant. The Convair Division also

proposed a three-stage system, using fluorine fuel, but its concept differed

from the previous two in that a control rocket and turbojet engine were

placed In the glider. Tdle North American advanced a two-stage vehicle,

using conventional rocket fuel, Republic advocated an unmanned vehicle,

" powered by a hypersonic cruise, ramjet engine, and boosted by a single-

L
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stage rockete Republic's proposal also involved an unmanned, satellite,

guidance station, which was to be placed in orbit by a three-stage

booster. Finally, Boeing favored an unmanned version and advanced an

intercontinental glide-missile. In the opinion of Boeing officials,

a manned vehicle would involve a longer development cycle and would not

possess any great advantage over a missile.

After the presentation of the contractors' proposals, the committee

spent the next two days evaluating the ;oncepts. While Wright officials

thought that the boost-glide concept was feasible and would offer the

promise of an operational weapon system by 1970, they also pointed to

several problems confronting the Air Force. The details of configuration

design were yet unknown. The status of research in the area of materials

was not sufficiently advanced. Lack of hypersonic test facilities would

delay ramjet development until 1962. Rocket engines were not reliable

enough to allow an adequate safety factor for manned vehicles during

laurtch. Finally, center officials pointed to the difficulty of providing

a suitable physiological environment for a piloted craft.

Officials of the Cambridge Research Center focused on a different

set of problems. All the proposals enqloyed an inertial, autonavigating

system, and Cambridge officials pointed out that these systems required

detailed gravitational and geodetical information in order to strike

a target accurately. The effect of the Farthts rotational motion became

extremely important at hypersonic speeds, and, consequently, this factor
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.ould have to be considered in determining the accuracy of the guidance

systems. Research center scientists also emphasized that an ion sheath

would be created as the vehicle penetrated the atmosphere during re-entry;

this phenomenon would hinder communication. There were other difficulties

that required investigation. The thermal properties of the atmosphere

would have to be studied in order to determine the extent of aerodynamic

heatirg. Adequate data on the effect of wind turbulence and the impact

of meteor dust on the vehicla iould have to be determined. Officials

of the Cambridge center added one more problems the presence of ionization

trails, infrared radiation, and vehicle contrails could facilitate hostile

detection of the vehicle.

It was apparent to the representatives of the Air Materiel Command

that the development of either a manned or unmanned system would be

feasible only with increased and coordinated efforts of six to eight

years of basic research. More detailed knowledge was required of the

system design in order that a determination could be made of various

"Jlogistical problems and the complexity of the launching area. Viewing

the development costs for the ballistic missile programs, materiel

officials estimated that the cost for Robo would be extremely high. In

order that the Robo program could be continued, air materiel officials

recommended that the participating contractors be given specific research

projects. A contracting source for the conceptual vehicle should then be

chosen, and, aftei approximately six years, competition for the weapon

a system development should be held.

t
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After surveying the contractors t proposals and the analyses of

Wright center, the materiel command, and the Cambridge center, the ad

hoc conmittee concluded that a boost-glide weapon system was technically

feasible, in spite of the numerous problems inherent in the development

of such a system. With moderate funding, an experimental vehicle could

be tested in 1965, a glide-missile in 1968, and Robo in 1974. The

conmittee emphasized that the promise of boose-glide vehicles to be

employed either for scientific research or as weapon systems was necessity

enough for the undertaking. The members of the committee went beyond the

scope of the Robo proposals and recommended that ARDC headquarters submit

a preliminary development plan to USAF headquarters, covering the entire
31

complex of boost-glide vehicles.

By 10 October 1957, the Director of Systems Plans, ARDC headquarters,

had completed consolidating the details of the Hywards, Brass Bell, and

Hobo programs into a three-step, abbreviated, development plan for the

new Dyna-Soar (a compound of dynamic soaring) program. Like Hywards, the

first phase of System 464L involved the development of a manned, hypersonic,

test vehicle which would obtain data in a flight regime significantly

beyond the reach of the X-15 and would provide a means to evaluate

* P|military subsystems, To avoid further confusion between the purpose

of Dyra-Soar and the 1-15 vehicles the directorate made a clear distinction

between a research vehicle and A conceptual test vehicle. Both vehicles

were designed to obtain flight data in a regime which had not been

sufficientl7 well defined; however, the latter was to obtain

information for the development of a spcific syst=e The initial

WINLAL-



21

objectives of the Step I vehicle would be a speed of approximately 18,000

feet per second and altitudes of 350,000 feet and would be attained by
4

use of one of the three engines considered for Hywards.

The Brass Bell program assumed the position of Step II in the Dyna-

Soar plan. A two-stage rocket booster would propel the reconnaissance

vehicle to a speed of 18,000 feet per second and an altitude of about

170,000 feet. The vehicle would then glide over a range of 5,000

nautical miles. The system vmuld have to be capable of providing high

quality photographic, radar, and intelligence information. The vehicle

would also have to possess the ability of performing strategic bombing

missions* The Director of Systems Plans considered that the liquid

rocket Titan sustainer appeared usable; however, investigations under

Step I could prove the fluorine engine more valuable.

Step III incorporated the Robo plans, and encompassed a more

sophisticated vehicle which would be boosted to 300,000 feet and 25,000

feet per second and would be capable of orbital flight. Like the earlier

phase, this vehicle would be able to execute bombardment or reconnaissance

missions.

* Because of insufficient data, the directorate reasoned that the

S! Dyna-Soar program could not be immediately initiated, A two-phase

program for preliminary investigations had to cow first. Phase one

* would involve validation of various assumtions, theory, and data gathered

from previous boost-glide studiesp provide design datap and determine the

¶ ~ optimum flight profile for the conceptual vehicle. The second part would

refine vehicle design, establish performance, and define sub=ystems and

f.O
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research instrumentation. While this two-phase preliminary program would

consume 12 to 18 months, preliminary studies for the Brass Bell and

Robo phases of Dyna-Soar could be started. Following this procedure,

flight testing at near satellite speeds for the conceptual test vehicle

would begin in 1966. The estimated operational date for Dyna-Soar II

was set in 1969, and for Dyna-Soar III in 1974.

The Director of Systems Plans argued that the hypersonic, boost-glide

vehicle offered a considerable extension of speed, range, and altitude

over conventional Air Force systems. Furthermore, this concept represented

a major step towards manned, space flight. It could not be safely assumed,

the systems plans directorate reasoned, that the intercontinental ballistic

missile would destroy all the required targets in the decade of the 1970's.

Difficulties in penetrating hostile territory by air-breathing vehicles

further enhanced the necessity for a manned, boost-glide vehicle.

Additionally, the proposed reconnaissance ability of Dyna-Soar could

provide more detailed and accurate intelligence data than other Air Force

reconnaissance systems then under development. The director warned that

time could not be economically bought. If the boost-glide weapon system

were necessary, it was imperative to initiate the Dyna-Soar program by
32

allowing a funding level of $3 million for fiscal year 1958.

On 17 October 1957, Lieutenant Colonel C. G. Strathy of the Research

and Target Cystems Divis4 on presented the Dyna-Soar plan to Air Force head-

quarters. Brigadier General D. Z. Zimmerman, Deyuty Director of Development
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Planning, USAF headquarters, gave enthusiastic endorsement but thought

that ARDC headquarters should take a more courageous approach. Command

headquarters, he stated, should immediately consider what could be

accomplished with greater funding than had been requested. Also present

at the briefing was Dr. J. W. Crowley, Associate Director for Research of

NACA. He pointed out that the national advisory committee was strongly

in favor of initiating the conceptual vehicle program as a logical extension

of the X-15 program. He emphasized that his organization was directing

its research towards the refinement of the boost-glide concept and was
33

planning new facilities for future research.

Brigadier General H. A. Boushey, Deputy Director of Research and

Development, USAF headquarterep informed ARDC headquarters, on 15 November,

that the Dyna-Soar abbreviated development plan had been approved. General
Boushey's office then issued, on 25 November, Development Directive 94P

which allocated $3 million of fiscal year 1958 funds for the b•yperaonic,

"glide-rocket weapon system. The boost-glide concept offered the promise

"of a rapid extension of the manned flight regime, and following General

ZM ermants reasoning, the deputy director stated that the philosophy of

minimum risk and mininn rate of expenditure must be abandoned. If the

concept appeared feasible after expenditure of fiscal year 1958 and 1959

funds, the boost-glide program should definitely be accelerated. Not

certain of the feasibility of piloted flight, Air Force headquarters

directed that the study of manned and umanned reconnaissance and bombard-

Swment weapon systems should be pursued with equal determination. A decision

. /

/



24

on whether the vehicle was to be piloted would be made in the future and

based on substantial analysis* Finally, USAF headquarters stressed that

the only objective of the conceptual test vehicle was to obtain data on

the boost-glide flight regime. Early and clear test results from this
34

system mst be obtained.

While Dr. Sanger had elaborated the theoretical foundation, Dornberger's

Peenemnnde group demonstrated the practicability of boost-glide flight by

launching a winged-precursor, the A-9. The Air Force, however, refined

the concept with the Bomi, Brass Bell, Robo, and Hywards study programs.

These steps advanced the proposal towards a clearly delineated development

prograln for an orbital, military vehiclo--Dyna-Soar.

Ai
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CHAPTE II

S!TST( 464L

With the approval of the abbreviated developient plan, the direction

of the Dyna-Soar program appeared clearly marked. , An experimental glider,

a recormaissance vehicle, and a boubardment system comprised a three-step

progressions During the existence of System 46"1 , however, officials in

4he Department of Defense subjected the program to severe criticism. The

necessity of orbital flight and the feasibility of a boost-gid•e weapon

system were points frequently questioned. B November 1959, the project

office had to undertake an exacting investigation of the D7na-Soar approach

to manned, space flight. Certainty of program objectives had momentarily

disappeared.

On 21 December 1957# ARDC headiquarters issued System Development

Directive 464L# which stipulated that the mission of the conceptual test

vehicle, Dyna-Soar 1, wa to obtain data on the boost-glide flight regime

in support of future weapon "sytem developmnto Headquarters suggested

. that a system development plan for Dyna-Soar I and the recozxled weapon

system program be completed on 31 Oatober 1958 and set July 1962 as the

date for the first flight of the conceptual test vehicle. Finally, ARDC

headquarters approved iumediate initiation of the program by directing
1

* the source selection process to begin.

•125 Ja•ury 1958, a task group of the source selection board had

screened a list of .11 contractors to determine potential bidders for

28
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* the Phase I design. The working group considered that Bell, Boeing,

Chance-Vought Aircraft, Convair, General Electric Company, Douglas,

Lockheed, Martin, North American, and Western Electric Company would

be able to carry out the development. Later, the list was amended to
2

include McDonnell Aircraft, Northrop Aircraft, and Republic Aviation.

The source selection board had received, by March 1958, proposals

from nine contractor teams. Eesentia.ll, two approaches were taken in

considering the development of Dyna-Soar 1. In the satelloid concept,

a glider would be boosted to an orbital velocity of 25,500 feet per

second to an altitude of 400,000 feet, thereby achieving global range as

a satellite. In the flexible booLt-"ide proposal, however, the projected

vehicle would follow a glide-trajectory after expenditure of the booster.

* With a high lift-to-drag ratio at a velocity of 25,000 feet per second

and an altitude of 300,000 feet, the glider could circumnavigate the

Earth.

L •Three contractors offered the first approach, the satelloid concept,

as the most feasible. Republic conceived of a 16,000 pound, delta-wing

t glider, boosted by three, solid propellant stages. The vehicle, along

with a 6,450 pound space-to-earth missile, would be propelled to afvelocity of 25,700 feet per second and an altitude of 400,000 feet.

, i Lockheed considered a 5,000 pound glider simllar in design to that of

Republic. This vehicle could operate as a satelloid, however, the

f contractor suggested a modified Atlas booster which lacked sufficient

thrust for global range. A 15,000 pound vehicle simi-ar to the Z-25

craft couprised the proposal of North American. The booster was to

7I "77
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consist of a one-and-a-half stage liquid propellant unit with an

additional stage in the glider. Operated by a two-man crew, the vehicle

was also to have two, small, liquid engines for maneuvering and landing.

The glider was to be propelled to a velocity of 25#600 feet per sacond

and an altitude of 400,000 feet and would operate as a satelloid.

Six contractors concentrated on the fledible boost-glide concept.

Douglas considered a 13,000 pound, arrow-wing glider which was

to be boosted by three, modified solid propellant stages of the

Minuteman system. An additional stage would provide a booster for

advanced versions of Dyna-Soar. McDonnell offered a design siWila1 to

that of Douglas but proposed, instead, the eloyment of a modified

Atlas unit. A delta-wing glider, weighing f,300 pounds•, wa recommnded

by Convair. This contractor did not consider the various possibilities

for the booster system but did incorporate a turbojet engine to facilitate

landing maneuvers. Martin and Bell joined to propose a two-man, delta-

wing vehicleweighing 13,300 pound., which would be propelled by a modified

Titan engine. Employing Minuteman solid propellant unite, Boeing offered

a smaller glider, weighing 6,500 pounds. Finally., Northrop proposed a

14,200 pound, delta-wing glider, vhich was to be boosted by a combination

liquid and solid propellant engine.

The task group of the source selection board, after reviewing the

proposals, pointed out that with the exception of the North American

vehilee all of the contractors' proposed configurations were based on a

*:, j delta-wing design. The Liae of the proposed vehicles was also small in

comerison with current fighter aircraft such as the F-106. XcDonnel

r'
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and Republic offered vehicles which could carry the biggest payload,

yet they in turn required the largest boosters. At the other extreme was

Boeing's proposal which could carry on1a 500 poundsincluding the weight

of the pilot. The task group also emphasized that of the three contractors

proposing the satelloid concept Lockheed's vehicle fell short of a

global range. Of the six contractors offering the flexible boost-glide

approach, only the Martin-Bell team and Boeing proposed a first-step

vehicle capable of achieving orbital velocities. The other four considered
3

a global range in advanced versions.

By the beginning of April, the working group had completed its

evaluation of the contractorst proposals, and, on 16 June 1958, Air Force

headquarters announced that the Martin Company and the Boeing Airplane
4

Company both had been selected for the development of Dyna-Soar 1. Major

General R. P. Swofford, Jr., then Acting Deputy Chief of Staff for

Development, USAF headquarters, clarified the selection of two contractors.

A coupetitive period between Martin and Boeing woUld extend from 12 to

18 months at which time selection of a single contractor would be made.

General Swofford anticipated that $3 million would be available from

fiscal year 1958 funds and $15 million would be set for 1959. The

decision as to whether Dyna-Soar I would operate as a boost-glide or a

or unmanned systems The acting deputy directed that both contractors

should proceed as far as possible with available funds towards the

completion of an experimental teo. vehicle. The designs however, should
5

apprwximate the configuration of a Dyna-Soar weapon system.

. ...



Apparently some questioning concerning the validity of the Dyna-Soar

program occurred at Air Force hsaakmuarters, for, on .1 July, Major General

J. W. Sessums= Jr., Vice Commander of ARDC, stated to Lieutenant Genera).

R. C. Wilson, USAF Deputy Chief of Staff for Development, that Air Staff

personnel should stop doubting the necessity for Dyna-Soar. Once a new

project had been sanctioned by headquarters, General Sessums considered,
6

support should be given for its completion. In reply, G •ieral Wilson

assured General Sessums that the Air Staff held the conviction that Dyna-

Soar was an important project. However, due to the interest of the Advanced

Research Projects Agency (ARPA) and the National Aeronautics and Space

Administration (NASA) and their undetermined responsibilities in the

developmient of systems such as Dyna-Soar, the Air Force firmly had to

defend its projects to the Departmant of Defense. General Wilson

closed by reassuring General Sessums of his full endorsement of the Dyna-
7

Soar program*

*Previouslyj, considerable discussion within the Air Force had taken

place concerning the role which the National Aeronautics and Space
Administration, earlier designated the National Advisory Committee for
Aeronautics, was going to play in the Dp-A.Oar program. On 31 January
1958j, Lieutenant General D. Lo Put, Deputy Chief of Staff for Development,
USAF headquarters, asked lACA to join with the Air Force in developing
a manned, orbiting, research vehicle. He further stated that the program
shor•d be managed and funded along the lines of the :&-13 program. It
appeared that General Putt was proposing a Dyna-Soar I program under the
direction of RACk. ARDC headquarters strongly recomnmnded against this
contingency on the grounds that Dyna-Soar woul eventually be directed
towards a weapon "stem development. P 20 Nay, General To Do White,
Air Force Chief of Staff, and Dr. He Le Dryden, NACA director, signed
an agreement for NACA participation in System 464L. With the technical
advice and assistance of NACA, the Air Force vouId direct and fund Dyna-
Soar development. On 14 November 1958p the Air Force and NASA reaffirmed
this agreent. 8

,1,
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While the Dyna-Soar program had the verbal support of USAF headquarters,

Lieutenant General S. E. Anderson, ARDC conmmander, considered that the

program required additional funds. He reminded General Wilson that AMDC

headquarters, with the efforts of only one contractor in mind, had

requested $32.5 million for fiscal year 1959. The Air Staff had limited

this amount to $15 million for the contributions of both Boeing and Xartin.

Cousequently, $52 million was now required for the 1959 Dyna-Soar program.

The ARDC co-mander emphasized that if System 464L were to represent a

major step in manned, space flight, then the delay inherent in the reduced
9

funding must be recognized and accepted by Air Force headquarterso General

Wilson agreed with General Andersonts estimation ant. stated that the

approved funding level for fiscal year 1959 would undoubtedly delay the

program by one year. The stipulated $18 million for both fiscal years

1958 and 1959, although a miniz- amount, would permit the final contractor

selection. General Wilson did assure the ARDC cozmander that the Air Staff

would try to alleviate the situation and' thought there was a possibility
10

for increasing fiscal year 1959 funding.

Major General V. R. Haugen, Assistant Deputy Commander for Weapon

Systems, Detachment One, made another plea to the Deputy Chief of Staff

for Development. He estimated that inadequate funding would push the

flight date for th' research vehicle back by eight months. Such austerity

would hinler the developmental test program and cause excessive design

modification. General Haugen strongly urged the augmentation of fiscal

year 1959 funding to $52 million. Besides this, it was important that the
13.

A full release of the planned $15 million be imnediately made.

StU
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On 4 September, Colonel J. L. Martin, Jr., Acting Director of Advanced

Technology, USAF headquarters, offered additional clarification of the

funding situation to Detachment One. He stated that the two separate

efforts by Boeing and Martin should only be maintained antil study results

pointed to a single, superior approach. It was possible for this effort

to be terminated within 12 months. Colonel Martin pointed out that the

Air Staff was aware that the $18 million level would cause delays; these

funds, however, would provide the necessary information for contractor

selection. He did announce that relea& of the $15 millior0 had been

made, Lastly, Colonel Martin directed that the term "conceptual test

vehicle" would no longer be used to refer to Dyna-Soar I and, in its
12

place, suggested the words "experimental prototype."

The Dyna-Soar project office replied that the competitive period

could be terminated by April instead of July 19591 however, additional

funding could be effectively utilized. These efforts to increase the

Dyna-Soar allotment had no effect, for, on 30 September 1958, USAF

headquarters now informed Detachment One that the *10 million procurement

funds for fiscal year 1959 had been canceled. All that remained for

i I developnent of Dyna-Soar was $3 million from fiscal year 1958,, ith $5

million for 1959. In his 12 August letter to General Anderson, General

Wilson mentioned the possibility of increased funding for fiscal year 1959.

Apparently a 1gure of $14.5 million was being considered; howerer, Air

Force headquarters also informed ARDC that this proposed increase would

not be made, Headquarters further directed that expenditure rates by the

/
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contractors be adjusted in order that the $8 million would prolong their

14
efforts through 1 January 1959.

From 20 through 24 October 1958, Mr. W. E. Lamar, in the Deputy for

Research Vehicles and Advanced Systems, and Lieuterant Colonel R. M. Herrington,

Jr., chiaf of the Dyna-Soar project office, briefed Air Force headquarters

on the necessity of releasing funds for the Dyna-Soar program. The

discussions resulted in several conclusions. The objectives of the

program would remain unchanged, but further justification would have to

be given to Department of Defense officials. The position of NASA in the

program was reaffirmed, and it was further stipulated that ARPA would
15

participate in system studies relating to Dyna-Soar. These decisions,

however, did not offer immediate hope for increased funding.

Early in November 1958, Colonel Herrington and Mr. Lamar briefed

officials of both ARDC and USAF headquarters on the question of Dyna-Soar

funding. General Anderson, after hearing the presentation, stated that

he supported the program but thought that references to space operation

should be deleted in the presentations to the Air Staff. Later, during

a briefing to General Wilson, USAF officials decided that suborbital

aspects and possibilities of a military prototype system should be

! emphasized. With the sanction of the Air Force Vice Chief of Staff,

General C. E. Le4ay, the Dyna-Soar presentation was given to Mr. R. C.

Horner, the Air Force Assistant Secretary for Research and Development.

The latter emphasized that if a strong weapon system program were offered

Sto Department of Defense officials, Dyna-Soar would probably be terminated.

r.
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Rather, Secretary Homer ouggested that the program be slanted towards

the development of a militar7y, research system. He stated that a

Mmeorandum would be sent to the defense secretary requesting release of
16

additional funds for Dyna-Soar. iiile Colonel Herrington and Mr. Lamar

achieved their funding objectivesp it was also apparent that the final

goal of the Dyna-Soar progran-the development of an operational weapon

system-waa somewhat in! jeopardy.

In accordance with ARDC System Development Directive 464L# the Dyna-

Soar project office had completed, in November, a preliminary development

plan which supplanted the abbreviated plan of October 1957. Instead of

the three-step approach, the Dyna-Soar program would follow a two-phase

development. Since the military test vehicle would be exploring a flight

regime which was significantly more severe than that of existing Air Force

systems, the first phase would involve a vehicle whose function was to

evaluate aerodynamic characteristicsp pilot performance, and subeystem

operation* Dyna-Soar I was to be a manned glider with a highly-swept,

triangular-planform wing, weighing between 7,000 and 33,000 pounds. A

combination of Minuteman solid rockets could lift the vehicle, at a weight

of 10,000 poundapto a velocity of 251000 feet per second and an altitude

of 300,000 feet. By employing a liquid rocket such as the Titan system,

a 13,000 pound vehicle could be propelled to a samila speed and height.

The project office stipulated that a retro-rocket system to decelerate

the glider and an engine to provide maneuverability for landing prooedures

would be necessary.
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Assuming a March 1959 approval for the preliminary development plan,

the Dyna-Soar office reasoned that the air-drop tests cov'td 'negin in

January 1962, the suborbital, manned, ground-launch tests in July 1962,

and the first, piloted, global flight in October 1963. While this first

phase was under development, weapon system studies would be conducted

concurrently, with the earliest operational date for a weapon system set

for 1967. This Dyna-Soar weapon could perform reconnaissance, air defense,
17

space defense, and strategic bombardment missions. The problem of

obtaining funds to continue the program, not an outline of Dyna-Soar

objectives, was still, however, of immediate importance.

On 4 December 1958, the Secretary of the Air Force requested the

Secretary of Defense to release $10 million for the Dyna-Soar program.

Apparently the defense department did not act immediately, for, on 30

December, Air Force headquarterb informed Detachment One that release
18

of these funds could not be expected until January 1959. The project

office urgently requested that procurement authorizations be imnediately
19

issued. Finally, on 7 January, the Deputy Secretary of Defense, D. A.

(Qarlesp issued a memorandum to the Secretary of the Air Force# -which

approved the release of $10 million for the Dyna-Soar program. The deputy

I tsecretary emphasized that this was only an approval for a research and

development project and did not constitute recognition of Dyna-Soar

an a weapon system. The stipulated increase of $a4.5 million was not to be
20

released until a decision was made concerning the Boeing-4artin competition.

Air Force headquartersp on 14 January 1959, requested the Dyna-Soar

office to provide a detailed program schedule. Concerning the Dyna-Soar I

tt
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military test system, planning should be based on the following projected

funding: $3 million for fiscal year 1958, $29.5 million for 1959, and

$35 million for 1960. Headquarters further directed that the competitive

period for the contractors would end by 1 April with a final selection

announced by 1 July 1959. While emphasis on a weapon system would be

mininized, joint Air Force and ARPA weapon system studies would proceed

under separate agreement with Dyna-Soar contractors. The proQ-ct office

was also directed to consider two other developmental approaches. The

first would assume that Dyna-Soar objectives had definitely been changed

to center on a research vehicles similar to the X-15 craft, and planni

would be based on a projected funding of $78 million for fiscal year

1961, $80 million for 1962, $80 million for 1963# and $40 million for

1964. In the second approach, the Dyna-Soar program would include weapon

eystem objectives, and a funding total of $650 million extending from

fiscal year 1961 through 1967 would be absumed. The next day, Air Force

headquarters partially revised its directions by stipulating that the
21

source selection process should be completed by 1 May 1959.

On 6 Februar7 1959, the Dyna-Soar project office pointed out that

the 1 May date was impracticablep but the office did anticipate a

presentation an source selection to the Air Council by 1 J.ne. The

project office went on to emphasize that the funding forecasts were

• incompatible with the fliht date* which had been speci•fed to the

contractors. It was apparent to the project office that only heavy

expenditures during the beognning of phase two could resut In the

of 7 -77
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questioned flight dates. The Dyna-Soar office, connequently, requested
22

Air Force headquarters to provide a more realistic funding schedule,

In mid-February, the Dyna-Zoar office further clarified its

positions The approval of only $5 million in development funds for

fiscal year 1959 (the release of $10 million had been for procurement)p instead

of a revised request of $28 million, had a serious effect on the program

by reducing the applied research and development program. Furthermore,

the project office had originally requested $187 million for fiscal

year 1960, an estimate that was predicated on more extensive effort

during fiscal year 1959 than was actually taking place under the reduced

funding level. Air Force headquarters had only projected $35 million
23

for fiscal year 1960. The result would be a prolongation of the program.

This statement of the project office had some impact on headquarters,

for, on 17 February, the Air Staff requested the project office to provide

additional information on the program based on fiscal year 1960 funding
24

levels of either $50 million or $70 million.

The depreciation of Dyna-Soar as a weapon system by the defense

department, as exemplified by the Secretary Quarles' memorandum of 7

January, did not alter the necessity, in the opinion of the Air Force,

for a boost-glide weapon. On 17 February 1959, Air Force headquarters

"revised its General Operation Requirement 92, previously issued on 12

May 1955. Instead of referring to a high-altitude reconnaissance sytem

the Air Force now concentrated on a bombarent systeme USAY headquarters

stated that this systemp capable of target destruction# ma expected to

7,77
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operate at the fastest attainable hypersonic speed, within and above the

stratosphere, and could complete at least one circumnavigation of the

Earth. This projected system would be capable of operation from 1966 to
25

1970.

on 13 April 1959, Dr. H, F. York, Director of Defense for Research

and Engineerin& firmly established the objectives for Dyna-Soar I. The

primary goal was the non-orbital exploration of bhpersonic flight up

to a velocity of 22,000 feet per second. Launched by a booster already

in production or planned for the national ballistic missile and space

program, the vehicle would be manned, maneuverable, and capable of

controlled landings. Secondary objectives were the testing of military

subsystnem and the attainment of orbital velocities. The Department of

Defense instructed that the accomplishment of these last objectives

should only be implemented if tVere were no adverse effects on the

primary objective. The additional $14.5 m411ion was now authorized for

fiscal yeae 1959, giving a total of $29.5 million for that year. The

Department of Defense inquired whether this figure plus a proposed $35

million for fiscal year 1960 would be sufficient to carr out the program.

If the Air Force did not consider this feasiblep then an alternate program26
should be submitted for review*

Commnd headquarters was not In accord vith these directions. In

an effort to fulfill the conditions established by General Operational

Rqire t 92, the research andevelo t ommand ,issued on 7 3 .1.959,

I AFDc Systea Requirewnt 201. The Dyn.-Sez I vehicle was to be a mlitar7

40W
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test system developed under the direction of the Air Force 'with technical

assistance from the National Aeronautics and Space Administration. The

purpose of this system would be to determine the military potential of

a boost-glie weapon s"stem and provide research data on flight characteristics

up to and including global flight. Concurrently, studies would be made

oomerning a weapon system based on this type of hypersonic vehicle.

Headquarters then directed its Detachment One to prepare a development
27*

plan for Dyna-Soar by 1 November 19590

Xajor General Haugen, in reply to the directions of Dr. Yorl, "strongly

reconmended" that the attainment of orbital velocities and the testing of

military subsystems should be a primary, not a secondary objectivs. Ke

further stated that Dyna-Soar was the only manned vehicle program which

could determine the military potential in the near-space regime. It was

"extrenely important," the systems management director stated, that the

accomplisLznt of the.D,,a-Soar mission not be compromised by restrictions

which limited safetyp reliability# and growth potential in deference to
28

short-term mnetary saTings.
SGeneral HaMen's or-Inisation then drew up a position paper sub-

stantiating these recomendations. The directorate firmly believed that

both the primry and secondary objectives had to be achieved. Concentration

on the first set of objectives would prevent investigation of re-entry from

*By Jaumry 1959, tb.e prelilnar development plan of November 1958
bad been forwarded to MDC aP USAF headquarters, however# apparently
neither headquarters gsay it official sanction.

;
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orbit and the adequate testing of military subsystems. The directorate

then recokm ed a program involving the fabrication of eight urnanned

vehiclss, eight manned vehicles# and 27 boosters, all to be enployed in

a total of 25 launchings. This would cost a total of $665 mJ3illon.

W1hile modification of this program to conform with only the primar7

objectives would reduce the cost by $110 million, it would seriouzsy
29

lessen the possibility of evolving a weapon system from Dyna-Soar I.

Excluding $18 ilion expended during contract coMpetitionp the

Deputy Chief of Staff for Development in Air Force headquarters established,

on 28 Kan, $665 million as the - m total ot the Dyna-Soar program.
30

For Waning purposes $77 -illion was set for fiscal year 1960. On 11

June 1959.8 the Air Force Council considered this last figure to be

Xcessives and the deputy chief of staff had to recants $35 -ml"ion vas
31

to be used in place of the $77 mllion.

During a briefing on 23 June 1959, officials of the ploject office

and Dr. J. To Charykv Assistant Secretary of the Air Force for Research

and Dvewloymnt, further discussed the questions of Dyns-Soar funding

and objectives. Apparentl2y Dr•. Chaxjk, at this point, was not in fullf; apeinnt, with Dr. York's position* The assistant secretary considered

t the over-all purpose of the program was to ewloit the potentialities

of boost-glidtecnology andz, consequently, he implied that orbital

velocities should be attained early in the propgm. For fiscal year

1960, he favored $77 million instead of $35 million but raised the

•" i ,
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question of how much a total funding level of $300 million to $500 million

would compromise the programo Dr. Charyk then reported to the project

officials that Dr. York appeared quite concerned over the effort necessary
32

for modification of a proposed Dyna-Soar booster.

The Air Force source selection board had already appraised the

Boeing and Martin proposals. Although both contractors offered similar

delta-wing designs, they differed in their selection of boosters* While

Boeing only considered an orbital Atlas-Centaur combination, Martin officials

offered a surborbital Titan A (later renamed the Titan 1) and an orbital

Titan C. The board deemed the Boeing glider superior but also recommended

use of Martin's orbital booster. The Secretary of the Air Force, J. H.

Douglas, did not agree. Development of a new booster, capable of orbital

velocities, was clearly not in accord with Dre York's directlon. The

secretary recommended further study of the configuration and size of the

vehicle to determine whether the glider could be modified to permit

compatibility with a basicp suborbita±, Titan system. Furthermore,

Secretary Douglas was concerned about the total cost of the program. He

did not think that funding should be increased by attempting to configure

a vehicle which conformed to an anticipated weapon system. Consequently,

the Secretary of the Air Force directed a reassessment of the Dyna-Soar

program, with the ultimate objective of reducing the over-ll expense*

Accordingly, USAF headquarters directed Detachment One to .wamie

The documentary courcep as cited in reference 32, for Dr. Cha17k's
aocwnts referred to the $77 million and $35 million as projected figures
for fiscal year 1959. Placed in context of the tuning discussions
concerning the DynT-Soar program these estimates obviously applied to

fiscalyear 1960 andnot 1959.

U.M
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the possibilities for a lighter vehicle and to analyze a development
3,

program based on a total cost of not more than $500 mi lIon.

Designation of the booster, managezent of booster development and

procurement, and most important, the pxrpose of the program, were problem

that became intertwined in the series of discussions following Secretary

Douglas' instructions. After a 14 July seeting with Dr. Charyk, General

Boushey, Colonel We L. Moore, Jr.# and Lieutenant Colonel Ferer, General

Haugen directed systems management to prepare a presentation designed

to answer the questions raised by Secretar7 Douglas and also to outline

the participation of the Ballistic Miesiles Division (31D) in the Dyna-

Soar program. After rQviewlng this briefing on 22 July 1939, Lieutenant

General B. A. Schriever, now ARDC oomander, instructed General Haugents

directorate to prepare a detailed management plan for booster development.

Dr. York, however, on 27 July, placed a new canpcation in this planning

effort by requesting the Air Force secretax7 and the director of ARPA to

investigate the possibility of a con development of a Dyna-Soar booster

and a second stage for the Saturn booster of NASA. The Director of Defense

for Research and Engineering stated that no commitmnts for the prop•1sion

system would be made until this proposal had been considered. Dr. York

apparently had in mind reviving conaideration of the Titan C for System
4 35

S64 and adifing this booster for use in the Siturn program.

/* C%•olonel Moore succeeded Colonel R. N. Herrington, Jr., as chief of
the D•na-Soar Weapon System Project Office early In July 159.3

**On 10 March 1959, Lieutenant General S. N. Anderson, pevdutly AMl
commender became oommder of the Air Nateriel Co.ad. Lieuteoant General
B. A. Schriever, on 25. April 1959, assumed ond of A=*O,
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On 28 and 29 July, General Haugen and Brigadier General 0. J. RiBtlan

SMD commander, completed a tentative agreement concerning the management

of Dyna-Soar booster development. During a series of meetings on U1 and

33 August, however, General Schriever and General Andersonp AM( commander,

could not agree on a method of booster procurement. With the exception

of the parts pertaining to M participation in the Dyin&Soar progr.,

Kr. Lamar then gave the Dyna-Soar presentation to Dr. Charyk, with

Generals Wilson, Ferguson, and Haugen attending. After preliminary data

was given on Titan C and the Saturn second stage, Dr. Charyk was asked

to recommend to the defense department that a contractor source selection

be made for Dyna-Soar. He declinedt subcontractor selection had not

been adequately competitive and the proposed Dyna-Soar fuxnding was too* 36"

high*

By the middle of August, the Ballistic Missiles Division had completed

its evaluation of possible Dyna-Soar boosters. Largely because of

serious stability and control problems, an Atlas-Centaur combination

was rejected in favor of the Titan C. Concerning Dr. York's proposal,

want cost officials believed that it was impractical to employ a

precisely identical booster stage for both the Dyna-Soar and Saturn
projectse Since Titan C was essentially a cluster of four LR87-AJ-3

engines, ballistic division engineers did recommend eploying two of these
37

propilsive units as a Saturn second stage. Discussions between Dr.

Charyk, Dr.* York, and ballistic division officials concerning selection

of the Dyna-Soar booster followed. Finally, while a booster ws not

designated, Dr. Charyk, Generals Wilson, Ferguson, and Boushey

Ii
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decided, on 25 September, that Titan C would not be employed in the
38

Sprogram.

On 23 September, Lieutenant General We F. Nilee, AM vice conmander,

took up the question of booster procuremnt and proposed to General

Schriever a management plan, based on discussions between ARDC and AM

personnelp for the Dyna-Soar program. Because of the wdde participation

of governent agencies and industry, control of Dyna-Soar had to be

centralized in % specific orgarnzation. While the sytem was to be

procured under two contracts, one for the glider and one for the propulsion

unit, the contractor responsible for the manufacture of the vehicle would

be gIve. responsibiltqy for integration of the entire system and would

act as weapon sosten contractor, Over-all management would be vested

In a joint AMC and AM project office located at *ight-Patterson Air

Force, Bass* Concerning the procurent authority of the Aeronautical

Syst Center (ABC) and the Ballistic Xissiles Center (EM),, both of

the materiel com , General MXlee suggested that the aeronautical cemtea

agoptiate the two contracts, utilizing the experience available at the

Sballistic center. The Aeronautical Systeim Center# howeverp would delegate

antbsaitU to the ballistic center to contractually cover engineering

shingle. This de.egat.am would be limited to actions not affecting

syr lcosts. between booster and vehicle, and sWtea

p Pltr-OU . General Naiee closed byr oeooain that AMC and AM
fo. i eallmw d a no u ti A ir For e head qu rt r ou tl n n thi propo:saal *
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* General S chriever, on 2 October, informed AMC officials that he

agreed with General McKee ts proposed message to USAF headquarters.

He did wish to point out, howevýr, that the plan did not adequately

reflect the increased role that ARDC agencies at Wright Field were

intending to play. General Schriever further stated that ARDC was going

to establish a single agency for all booster research and development which
40

would incorporate the use of SM and 3C. General Anderson replied that

he did not understand the ARDC commander's statement concerning increased

management responsibility of Wright agencies. He stated that the AMC

plan stressed this aspect. General Anderson turther emphasized that the

materiel co .and recognized MM's technical responsibility for the Dyna-

Soar booster and had agreed to delegate necessary procurement authority.

The AMC commander did not think it was necessary, however, to delegate

authority to negotiate contracts. This authority# along with over-all

technical management should rest in the ARDC and ASC weapon system
41

project offices.

On 29 October, General Boushey re-examined the Dyna-Soar requirements

established by the 13 April memorandum of Dr. cork. Orbital flight and

testing of military subsystems could only be permitted, Dr. Tork insisted,

if these efforts did not adversely affect the central objective of non-

orbital, hypersonic flight. General Boushey reiterated the opinion of

USAF headquartores both sets of objectives should be definitely achieved.

Assuming a total funding of $665 million, ARDC we directed to formulate
42

a two-phase development approach for a 99000 to 10,000 pun lider.

I I IIII
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By 1 November 1959, the Dyna-Soar office completed an abbreviated

development plan in fulfillment of ARDC System Requirement 201. As

suggested by the Office of the Secretary of Defense, the project office

once again struetured the program in a three-step approach. In Step

I, a manned glider, ranging in weight from 6,570 •o 9,410 pounds would

be propelled to suborbital velocities by a modified Titan booster. Step II

encompassed manned orbital flight of the basic glider and interim military

T'perationa. A weapon system, founded on technology from the previous

steps, comprised Step III. The project office anticipated 19 air-drop tests

to begin in April 1962; the first of eight unmanned6 suborbital flights to

occur in July 1963; and the first of eight piloted, suborbital launches to

take place in May 1964. The first, manned, global flight of Step II was

scheduled for August 1965. To accomplish this program, the project office

estimated the development cost to total $623.6 million from fiscal year 1960
4,

through 1966. On 2 November, the Weapons Board of Air Force headquarters

approved the revised Dyna-Soar Plan. The Air Council, in addition to

sanctioning the three-step programs also approved of an AMDC and AM
44

arrangement concerning booster procurement.

SGenerals Sohriever and Anderson# on 4 November, forwarded a joint

ARDC and AMC letter to USAF headquarters. After detailing the essentials

of the program, the two comanders outlined their agreement on booster

pro•ure ts the project office would utilise the "experience" of the

ballistic division in obtaining a booster for Djna,-Soa. The further

stated that the propsed program would make full as. of existing national

/m m tim
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booster programs, essentially satisfying Dr. Tork's requirement, and

would also attain Air Force objectives by achieving orbital velocities.

General lchriever and General Anderson closed by urging the source45
selection process to be eompleted4

Following this advice, the Secretary of rhe Air Force, on 9 November

1959, announced the Dyna-Soar contracting ocurces. The Boein& Airplane

Company had won the competition ana vas amrded the qsytems contract.

The Martin Company, however, was named asmseiate contractor with the
46

responsibility for booster develcpment. On 17 November, Air Force

headquarters directed the research and development comand to implement
47

Step I and to begin planning for Step 32 of the Dyna-Soar program.

Three days later, Dr. Charzk gave the Air Force authority to negotiate

Step I contracts for fiscal year 1960. There was, however, an obstruction.

* The assistant secretary instructed the Deputy Chie3f of Staff for Development

that, prior to obligating any funds for the Dyna-Soar program, now

designated System 620A# Dr. Charykfs office would have to be given

financial plans and adequate work statements. No commitments could be

made befor the Air Force had a concije understanding of the direction
48

of the project.

In an .effort to obtain approval to obligate funds for fiscal years

1959 and 1960, General Boushey and some of his staff met with Dr. Charyk

on 24 November, and Dr. Charyk made it clear that he did not wish to release

any funds for Dyna-Soar at that time. Instead, he was going to institute

Phase Alpha, the purpose of which would be to examine the step-approach,

t rw
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the proposed booster, the vehicle size, and the flight test objectives.

Dr. Charyk stated that no funds mould be obligated until the Alpha

exercise was completed& Once Dyna-Soar was implemented, the assistant

"secretary wanted to review the program step-by-step and release funds

as the program proceeded. To cover the work carried on under Phase

Alpha, the Air Force released a total of $1 million. Pending further
50

approval by Dr. Charyk, obligations could not exceed this amount.

7
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CHAPTER III

ALPHA TO ONE

Before the Dyna-Soar Weapon System Project Office could undertake

the suborbital Step I of the program, the Air Force had to institute

Phase Alpha and appraise the Dyna-Soar approach to eventual manned,

orbital flight. Early in December 19599 the Aero and Space Vehicles

Panel of the Scientific Advisory Board offered some recomendations

concerning the objectives of this study. The panel pointed to the

inadequacy of technical knowledge in the areas of aerodynamics and

structures and, consequently, considered that development teat programs

to alleviate these deficiencies should be formulated during the study.

Concerning the entire program, the scientific advisory group strongly

supported the Dyna-Soar approach. While the program could be severely

limited by a restricted budget and the absence of a high military

priority, the Aero and Space Vehicles Panel insisted that Dyna-Soar

was important because, if properly directed, it could yield significant
1

information in the broad research areas of science and engineering.

Dr. Je V. Charyk, Assistant Secretary of the Air Force for Research

and Development, concurred with the position of the panel. In Alpha,

emphasis would be placed on the identification and solutions of technical

prublemp and the objective of Step I would be the development of a test

vehicle rather than a weapon system. Dr. Charyk then authorized the
2

release of an additional $2.5 million for this study.
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On U1 December M%9, the Air Force and the Boeing Airplane Company

had already signed a contract for the Alpha study, but the Air Force was

undecided as to which contractors or Air Porce-ageneies would provide

Boeing with booster anayses. W the end of January 1960, the Dyna-

Soar office recomended that the Balistic Kissile Division and the epace

Technology Laboratories provide the booster studies* Since Alpha had

to be completed in Mardh 1960, the project office did not consider that

there .was sufficient time to complete a contract with Martin for the
3

Allpha study. The Aeronautical System Center objected and maintained

that the existing contracts with Boeing could not be extended to allow
4

participation in booster studies. Command headquarters disagreed and

resolved the imase on 3 Februarys the B listic Misalle. Center would

arrange contracts with the space laboratories and the Martin Company
5

and the Aeronautical Systeom Center wuld extend the Boeing contract.

Booster information for Alpha was not the only problem; AiO bhad-

quartere still had to mettle the question of booster procurement for the

entire Dyna-Soar prograz. Lieutenant General B. A. Schriever, Commader

of ARDC, and Lieutenant General S. 19 Anderson, Comander of AMC, had

apparentlUy delineated the authority of their respective commands in

their 4 Novenber 1959 letter, but a formal agreemnt had not been reached.

Early in Deceber 1959, General Schriever had completed an agreeent

within his cawand which assigned tecbnical responsibility for booster

develoment to the Ballistic Missilem Division. General Sehriever

hoped that General Anderson also intended to delegate comenaurate

contractual authority to the Ballistic Missiles Center. General Anderson

MW&
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was essentially in agreement with General Schriever's position,.but he

objected to an agreement made betueen the ARDC project office and the

ballistic division without participation of AMC elements. Consequently,

the air materiel commander urged that the two commands complete a joint
7

agreement concerning the development of the Dyna-Soar booster.

On 8 February 1960, Generals Schriever and Anderson reached such

an understanding which detailed the position of the west coast complex

in the Dyna-Soar program. While management and financial authority for

the entire program rested in the weapon system project office, the

ballistic division and center, with the approval of the system office,

would define the statements of work and complete contractual arrangements

for the booster development. All changes in the booster program which

significantly altered perlormance, configuration, cost, or schedules,

however, would necessitate concurrence of the project office.

In the middle of January 1960, Brigadier General H. A. Bousheyp

Assistant for Advanced Technology in Air Force headquarters, gave more

specific instructions concerning the direction of the Phase Alpha study.

The objective of this review was to examine selected configurations for

controlled, manned re-entry, to determine the technical risks involved
9

in each, and to define a development test program for Step I. In order

Sto evaluate the efforts of Boeing, Martin, the ballistic division, and

the space laboratories in this study, Colonel W. R. Grojisp Vice Connder

of the Wright Aeronautical Development DiŽvision (WADD), then directed the
10*

formation of an ad hoc committee.

*With the formation of the Wright Air Development Division, on 15

December 1959, the management of weapon system development was transferred
from ARDC headquarters to the Wright complex.

6 ý '



58

This group was established early in February with representation

not only from the Wright division but also from the Air Force Flight

Test Center, the Air Force Missile Test Center, the Air Materiel Command,

and the National Aeronautics and Space Administration. The central

objective of this committee was to determine the kind of research

vehicle the Air Force required to solve the problems involving manned

re-entry from orbital flight. Consequently, the ad hoc committee contracted

with several companies, which were placed under the direction of Boeing, to

investigate the potentialities of several categories of configurations. Variable

geometric shapes such as the drag brake of the AVCO Xanufact'aring

Corporation, a folding-wing glider of Lockheed Aircraft, and an inflatable

device of Goodyear Aircraft were all examinedb The committee also analysed

ballistic shapes such as a modified Mercury Capsule of McDonnell -and

lifting body configurations offered by the ad hoe committee itself and

General Electric. Finally, gliders with varying lift-to-drag ratios

were also proposed by the committ4e, Bell Aircraft, Boeing, and Chance-

Vought Aircraft.

After exawmining these various configurations, the ad hoc group

concluded that the development and fabrication of a ballistic shape or

a lfting body configuration with a lift-to-drag ratio up to 0.5 wuld

only duplicate the findings of the Xational Aeronautics and Space

Administration in its Mercury program. Conversely& a glider with a

Shigh lift-to-drag ratio of 3.0 would not only pr9vIde a --4- aMount

of information on re-entry but would also demonstrate the greatest

maneuverability in the atmosphere and allow the widest selection of

1i
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landing sites. Such a glidae•, however, presented the most difficult

design problems. Consequently, the ad hoc committee decided that a

medium lift-to-drag glider, in the range of 1.5 to 2.5, offered the
11

most feasible approach for advancing knowledge of re-entry problems.

At the end of March 1960, the Aero and Space Vehicles panel again

reviewed the Dyna-Soar program with emphasis on the results of the

Alpha study. If the overriding requirement were to orbit the greatest

weight in the shortest development time, the panel reasoned that the

modified ballistic approach was preierable. However, the members noted

that gliders would advance technical knowledge of structures and would

provide the greatest operational flexibility. The vehicles panel

further emphasized the importance of attaining early orbital flight

and, consequently, suggested a re-examination of the need for a sub-
12

orbital Step 'I and more precise planning for the orbital Step II.

The Dyna-Soar glider, as conceived by the Alpha group and the

project office, was to be a low-wing, delta-shape vehicle, weighirg

about 10,000 pounds. To undergo the heating conditions during re-entry,

the framework was to be composed of Renet 41 braces which would Vlthatand

a temperature of 1,800 degrees Fahrenheit. The upper surface of the

glider was to be fabricated of Rene' 41 panels, where the temperature

was expected to range from 500 to 1,900 degrees. The lower surface was

to be a heat shield, dusigned for a wa temperature of 2,700 degrees

and was to consist of molybdenum sheets attached to insulated Renet 41

panels. The leading edge of the wings would have to withstand similar

heat conditions and was to be composed of coated nxlybdenum segments.

,/
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The severest temperature, ranging from 3,600 to 4,300 degrees, would be

endured by the nose cap, which was to be constructed of graphite with
13

zirconia rods.

In conjunction with the ad hoc groupp the Dyna-Soar project office

completed, by 1 April 1960, a new development plan which further elaborated

the three-step program presented in the November 1959 approach. Step I was

directed towards the achievement of four objectives: exploration of the

ma=indm heating regionn of the flight regime, investigation of maneuverability

during re-entry, demonstration of conventional landing, and evaluation of the

ability of man to function usefully in hypersonic flight. While Step I was

limited to suborbital flight, the purpose of Step MA was to gat sr data on

orbital velocities and tc test military subsystem, such as high rea&lution

radar, photographic and infrared sensors, advanced bombing and navigation

systems, advanced flight data systems, air-to-surface missiles, rendezvous

equipment, and the requisite guidance and control system.s While Step lIB

would provide an interim military system capable of reconnaissance and

satellite inspection missions, the objective of Step III was a fully

operational weapon system.

Whereas the last two steps were only outlineds the main consideration of

the project office was the suborbital Step I. In order to demonstrate the

flying characteristics of the glider up to speeds of mach 2# the Dyna-Soar

office scheduled a grogram of 20 air-drop tests from a B-52 carrier to

begin in July 1963, Beginning in November 1963, five unmanned flights were

*71or the air-drop progrsa., the Dyna-Soar office was considering employment
of either the XLR-ll or the AR-l liquid rocket engines to propel the glideri tospecified speeds. Late in 1960, however, the project office decided to uise

a solid acceleration rocket not only for abort during launch but also for the

t sci fedspte eds. L
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to be conducted to .kTaguana in the Bahama Islands and Fortaleza, Brazil#

with velocities ranging from 9,000 to 19,000 feet per second. Eleven

piloted flights, scheduled to start in November 1964, would then follow,

progressively increasing the velocity to the ma=dim- 19,000 feet per seco.nd

and employing landing sites in Mayaguana, Santa Lucia in the Leeward Islands,

and, finally, near Fortaleza.

To accomplish this Step I program, the Dyna-Soar office estimated that

$74.9 million would be required for fiscal year 1961, $150.9 million for 1962,

"$124.7 million for 1963, $73.6 million for 1964, U6.8 million for 1965, and

$9.9 million for 1966. Including $12.8 million for 1960, these figures
3.4

totaled $493.6 million for the suborbital program.

During the first week in April 1960, officials of the Dyna-Soar project

office presented the new development plan and the results of Phase Alpha to

* Generals Schriever, Anderson, and Boushey, and the Strategic Air Panel and

the Weapons Board of Air Force headquarters. On 8 April, Dyna-Soar

rerresentatives explained the program to the Assistant Secretary of the Air

Force for Research and Development, now Professor C. D. Perkins, and received
t .15

his approval to begin work on the suborbital Step I. On 19 April, the

j Aeuistant Secretary of the Air Force for Materiel, P. B. Taylor authorized

negotiations of fiscal year 1961 contracts for this phase of the program.

The Department of Defense, on 22 April, endorsed the new program and permitted

"*On 24 April 1961, Dr. Charyk, then Under Secretary of the Air Force,
permitted contractual arrangements for the entire Step I program rather than
for only particular fiscal years.
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16

the release of $16.2 million of fiscal year 1960 funds. Consequently, on

27 April, the Air Force completed a letter contrast with the Boeing Airplane

Compan as system contractor. Source selection procedures had previously

been initiated for the award of two associate contracts. On 6 December 1960s,

the Air Force granted authority to the Minneapolis-Honeywell Regulator Company

for the primary guidance subsystem, and, on 16 December, the Air Force gave

responsibility to the Radio Corporation of America for the commnication

and data link subsystem.

Air Force headquarters, on 21 July 1960, further recognized the three-

step program by issuing System Development Requirent 19. With the

segmented approach, the Air Force could develop a Mmned glider capable of

demonstrating orbital flight, maneuverability during hypersonic glide,

and controlled landings. Furtherwrep Dyna-Soar could lead to a military

system able to falfill missions of space maneuver and rendezvous, satellite

inspection, and reconnaissance. Headquarters looked forward to the first
9 17

L manned, suborbital launch wiich was to occur in 1964.

While the Step I program was approved and fundedp the Dyna-Soar

project office firmly thought that studies for the advanced phases of

the program should also be initiated• In early August 1960, the project

office recomended to ANDC headquarters that $2.32 million should

*The Air Force granted three other associate contracts for the Dyna-Soar

progrem. On 8 June 1960# the Martin Coman received responsibility for the
booster airframe, while, on 27 June# the Air Force authorized the Aero-Jet
General Corporation to develop the booster engines. Previously, on 9 June,
the Air Force made arrangements with the Aerospace Corporation to provide
technical services for the Step I progrea.
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be made available through fiscal year 1962 for this purpose. If these

* funds were released immediately, the project office anticipated completion

of preliminary program plans for Steps IlA, =#B, and III by December
18

1961, January 1962, and June 1962, respectively. Later in the month,

the Dyna-Soar office again reminded command headquarters of the urgency
19

in releasing these funds.

The apparent source of delay was that the authority to negotiate

contracts, issued by Asaistant S,-.retary Taylor on 19 April 1960, referred

specifically t6 Step I of the program. Colonel E. A. Kiessling, Director

of Aeronautical Systems in ARDC headquarters, met with Professor Perkins on

22 and 23 September, and the assistant secretary agreed that this authority

-did not prohibi' Step II and III studies. The restraint only applied to

the expenditure of fiscal year 1961 funds for the purchase of equipment
20*

Sfor the advanced phases. This decision was confirmed on 12 October

when Air Force headquarters approved Steps II and III studies by issuing
22~*

Development Directive 411. ARDC headquarters then issued, on 6 Decemoer,

*Colonel T. T. Omohundro, Deputy Director for Aeronautical Systems,
ARDC headquarters, informed the Dyna-Soar office, on 4 October 1960, that
Air Force headquarters would probably have to issue a new authority to
negotiate contracts for Step II and III studies before funds could be
released. Apparently, Colonel Klessling had not told his deputy of Professor
Perkins' previous decision. 21

th SeOn 1A February 1961, the Air Force and Boeing ccmplete .zontract
"ifor Step IIA and IIB studies with an effective date of 9 November 19600

Boeing was allotted $1.33 million and given until 30 June 1962 to complete
the studies. With the assumption that a new orbital booster would provide
St~p II propulsion, Boeing concluded that it was feasible for the Dyna-Soar
k, der to perform militar7 missions such as reconnaisance, satellite inter-
cep•don and inspection, space logistics, and bonbardent The last mission,
howver, the contractor considered could be perfor~d with less epense by
intercontinental ballistic missiles.23

I>
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24
a ;jystem st-ady dire-ti ye for Step III and allotted $250,000 for this work.

By the middle of 1961, howyver, it was questionable whether the Air Force

would continue the three-step approach. The Air Staff consequently' postponed

the Step III investigation, and, early in 1962, command headquarters
25

canceled the study.

In the April 1960 development plan, the Dyna-Soar office had

proposed the employment of Titan I as the Step I booster. The first

stage of this system was powered by the LR87-AJ-3 engine, capable of

developing 300,000 pounds of thrust, while the second stage, an

LR9l-AJ-3 engine, could produce 80,000 pounds of thrust. This booster

would be able to propel the Dyna-Soar glider to a velocity of 19,000

feet per second on a suborbital flight from Cape Canaveral to Fortaleza,

Brazil. Professor Perkins, however, considered this booster marginal for

Step I flights and, on 28 November 1960, requested the Air Force to

examine the feasibility of employing Titan II for the suborbital step and

a combination Titan II first stage and a Centaur-derivative upper stage
26

for the orbital phase. The Titan II was a two-stage liquid rocket and,

unlike the Titan I, employed hypergollc, storable propellants. The first

stage consisted of an IUMR7-AJ-5 engine, capable of producing 430,000 pounds

of thrust, while the second stage was an XL1-AJ-5 unit, capable of

delivering 100,000 pounds of thrust.

"Late in December 1960, Mr. R. C. Johnston of the Dyna-Soar office and

Major G. S. Halvorsen of the Ballistic Missiles Division presented the

advantages of Titan II to ARDC headquarters, and the proposal to employ the

advanced.Titan received the endorsement of General Schriever. A presentation

to Air Force headquarters followed, AsSistant Secretary Perkins appeared

7-7.
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satisfied with the recommendation but stated that Department of Defense

approval would probably not be given unless the booster change was

considered in conjunction with an anticipated funding level of $70
27

mIlion for fiscal year 1962, instead of the requested $150 million,

A few days later, the project office protested the $70 million

level and insisted that it -would result in serious delays to the

program. Regardless of the funding arrangements, the Dyna-Soar office
28

urged approval of Titan II. Colonel Kiessling concurred with this

position and appealed to USAF headquarters. Even with the proposed

low funding level, the Director of Aeronautical Systems stated, employ-

ment of the Titan II promised a substantially improved Dyna-Soar program
29

and this booster change should be immediately approved.

Mr. Johnston and Major Halvorsen again went to Air Force headquarters.

After receiving the approval of Major General M. C. Demler, Director of

Aerospace Systems, the Dyna-Soar representatives informed the Strategic

Air Panel of the attributes of Titan II. Discussion of the panel centered

on the availability of the new booster for Step I flights, limitations

of the combination Titan II and Centaur-derivative for the orbital booster, and

the apparent inadequate funding level for fiscal year 1962. In spite

of some doubts, the panel approved the proposed booster for Dyna-Soar I

and further recommended that approximately $150 million should be allocated
30

for fiscal year 1962.

At the request of Assistant Secretary Perkins, General Demler had

prepared a summary on the advantages of Titan II over the earlier version.

The Director of Aerospace Systems insisted that Titan I was barely

SN
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sufficient for achioving the objectives of Step I and, furthermore,

could not be modified to provide orbital velocities for the glider. The

April 1960 development plan had stipulated that with Titan I the first

unmanned ground-launch would occur in November 1963# while employment

of the more powerful Titan II would only push this date back to January

1964. General Dealer pdinted out that if the program were limited to

$70 million, October 194 would be the date for the first unmanned

ground-launch with Titan I, while December 1964 would be the date for

Titan II. The aerospace director estimated that with a $150 million

level for fiscal year 1962, the development of Titan II would cost an

additional $33 million, while the cost would still be $26 million with

the $70 million funding level. General Demler considered that the

total booster cost for Step I and 1I employing the Titan I and then a Titan

Il-Centaur combination would be $320.3 million. If Titan II were

immediately used tor Step I, the booster cost would be $324.3 million. Thus

the additional cost Zor using the more powerful booster in the first

phase of the Dyna-Soar program only amounted to $4.2 million. The

conclusion was obvious; however, General Demler refrained from making
31

recoendations.

Following the briefing to the Strategic Air Panel, Mr. Johnston and

Major Halvorsen gave the Titan II presentations to the Weapons Board. The

members were fmiliar with the logic of General Demler's sumary, and,

*il expressing interest in the early attainment of orbital flight, they

, endorsed the change to Titan II* The board recomnnded that Air Force
A 32

headquarters inodiately instruct ARDC to adopt the new booster,.
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However, Major General V. R. Haugen and Colonel B. H. Ferer, both in the

office of the Deputy Chief of Staff for Development, decided to seek the

approval of the Department of Defense. The Titan II presentations were

then given to Mr. J. H. Rubel, Deputy Director of Defense for Research and

Engineering. While reiterating the necessity of a $70 million budget,

Mr. Rubel, agreed to the technical merits of Titan II. On 12 January 1961,
33

Air Force headquarters announced approval of this booster for Step I flights.

During these discussions over Titan II, it was apparent that the

Department of Defense was seriously considering limiting the fiscal year

1962 figure to $70 million. This financial restriction was confirmed

on 3 February, when Air Force headquarters directed the Dyna-Soar office
34

to reorient the Step I program to conform with this lower funding level.

By the end of the month, the project office and the Dyna-Soar contractors

had evaluated the impact of this reduction on the program. It was cJear
35

that flight schedules would be set back almost one year.

Apparently Department of Defense officials relented, for, on 28

March 1961, Air Force headquarters announced that the fiscal year 1962

level would be set at $100 million. The folloving day, Colonel W. L.

Moore, Dyna-Soar director, and his Deputy Director for Development, W. E.

Lamar, reported on the status of the program to Air Force headquarters.

Both Dr. Charyk and Major General Haugen directed that the program

be established on a "reasonable" funding level. Colonel Moore noted that
36

a definition of this statement was not offered. Finally, on 4 April,

headquarters of the Air Force Systems Conmand (AFSC) officially instructed

I .
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the program office to redirect Dyna-Soax to a $100 million level for
37*

fiscal year 1962.

By 26 April 1961, the Dyna-Soar office had completed a system

package program. This plan further elaborated the familiar three-step

app.och. Step I would involve suborbital missions of the Dyna-Soar

glider boosted by the Titan II. For the research and development of

this program, the Dyna-Soar office stated that $100 million was required

for fiscal year 1962, $143.3 million for 1963, $134.6 million for 1964,

$70.7 million for 1965, $51.1 million for 1966, and $9.2 mi.lion for 1967.

If these funds were allotted, the first air-drop would take pla.e in

Januar7 1964P the first unmanned ground-launch in August 1964, and the

first manned ground-launch in April 1965.

The objective of Step IIA was to demonstrate orbital flight of

the Dyna-Soar vehicle on around-the-world missions from Cape Canaveral

to Edwards Air Force Base. The program office proposed the testing, on

these flights, of various military subsystems such as weapon delivery

and reconnaissance subsystems. Because of high costp the Dyna-Soar

office did not reconmend the evaluation of a space maneuvering engine,

space-to-earth missile*, or space-to-space weapons during Step hIA flights.

*on 1 April 1961, the Air Research and Development Comand, by aoquiring

the procurement and production functions from the Air Materiel Commado, waV
reorganized as the Air Force Systems Ccomand. At Wright-Patterson Air Force
Base, the Wright Air Developaent Division combined with the Aeronautical
Systems Center to become the Aeronautical Systems Division (ASD).
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-For fiscal years 1963 through 1968, the program office estimated that this

phase of Step II would total $467.8 million and, assuming the selection of

the orbital booster by the beginning of fiscal year 1962, reasoned that the

first mannedg orbital flight could be conducted in April 19664

In Step 1IB, the Dyna-Soar vehicle would provide an interim

operational system capable of fulfilling reconnaissance,, satellite

interception, space logistics, and bombardment missions. With the

exception of $300,000 necessary for an additional Step 11B study, the

Dyna-Soar office did not detail the financial requirements for this

phase, however, it did anticipate a Step 11 vehicle operating by

October 1967. The program office looked further in the future and

maintained that $250,000 would be necessary for each fiscal year

through 1964 for studies on a Step III weapon system, which could be
38

available by late 1971.

In the April 1961 system package program, the Dyna-Soar office

outlined an extensive Category I program, consisting of structural and

environmental, design, and aerothermodynamic testing, which was necessary

for the development of the glider. In order to verify information

obtained from this laboratory testing, the system office recommended

¶• participation in another test program which would place Dyna-Soar
* f 39

j Jmodels in a free-flight trajectory. The first approach which the
Dyna-Soar office considered was System 609A of the Ballistic Missiles

Division.

During the March 1960 review# the Aero and Space Vehicles Panel

emphasized the difficulty in predicting behavior of structurds utilizing

* -
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coated heat shie3zts and tecommended Dyna-Soar participation in the 609A
40

program. The system office agreed and decided to place full-scale
41*

sections of the glider nose on four hyper-environmental flights.

Although subsequent planning reduced the number to two flights, comand

headquarters refused to release funds for such tests, and, consequently,

Colonel Moore terminated Dyna-Soar flights in the -System 609A

test program on 5 October. The project director gave several reasons

for this decisiont low probability of obtaining sufficient data with

only two flights, insufficient velocity of the boosters, and high cost
43

for Dyna-Soar participation.

Air Force headquarters was concerned over this cancellation and

emphasized to. ARDC headquarters that the absence of a free-flight test

program for Dyna-Soar failed to carry out assurances previously given
244

to the Department of Defense. The National Aeronautics and Space

Administration had another approach which it had been proposing since

Kay 1960. Dyna-Soar models constructed by both NASA and the Air Force

would be placed on RVX-2A re-entry vehicles and boosted by Atlas or

Titan systems. Project office engineers could thereby obtain data on

ii
'Models of the AVCO drag brake were also scheduled to ride 609A

launches. In February 1960, Air Force headquarters had transferred the
management of this project from the Directorate of Advanced Systems
Technology, WADD, to the Dyna-Soar Weapon System Project Office. In
March, the Air Force granted AVCO a study contract, and, in July, ABDC
headquarters approved a developaent prograe for the drag brake. Air
Force headquarters was reluctant to authorize funds,, and the program
was terminated in December. Nevertheless, in February 1961s, Major
General J. R. Holsapple, WADD Comander, reinstated research on certain
technical areas of the drag brake program•4 2

449
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heat transfer and aerodynamic characteristics. By November 1960, the

Dyna-Soar office was seriously considering verification of laboratory
45

data by this RVX-2A program.

In May 1961, Major General W. A. Davis, ASD Commander, emphasized

to AFSC headquarters the requirements for RVX-2A tests: funds and
46

space on Titan II launches. After two more appeals by the program

office, Major General 7. F. Cooper, Depity Chief of Staff for Research

and Egineering, gave the position of AFSC headquarters. Placing a

re-entry vehicle with Dyna-Soar models on the Titan 32 would impose

several limitations on the test schedule of the booster, requiring

several modifications to the airframe and the launch facilities. General

Cooper further stated that :e $10 million estimated by NASA officials

for the RVX-2A program would necessitate approval by Air Force headquarters.

Consequently, General Cooper intended to incorporate this program in a

future Dyna-Soar development plan. The RVX-2A proposal was included in

a 7 October 1961 plan for the development tf a Dyna-Soar weapon system;

however, this program did -not ruceive the approval of USAF headquarters.

The attempt by the Dyna-Soar office to provide a specific program for

free-flight verification of its laboratory teat data ended at that point.

The April 1961 system package program also reflected changes in
F i

the Dyna-Soar flight plan. While 20 aia-drop tests were still

scheduled, only two unmanned ground-launches, instead of the previously

¶! planned four, were to be conducted. On the first flight, the Titan n

would accelerate the glider to a velocity of 16,000 feet per second,

reaching Santa Lucia. During the second unmanned launch, the vehicle would

/
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attain a velocity of 21,000 feet per second and land near Fortaleza. Twelve

manned flights were then planned with velocities ranging from 1.6,000 to

22,000 feet per second. If the two additional vehicles for unmanned

launches were not expended, additional piloted flights would then take
50

place.

The scheduling of flights to Fortaleza, however, was becoming academic.

As early as June 1960, Air Force headquarters notified ARDC headquarters

that the State Department was concerned over the problem of renewing an
51

agreement with Brazil for American military use of its territory. This

subject reappeared in My 1961 when the acting Director of Defense for Research

and Engineering, J. H. Rubel, informed the Department of the Air Force that

discussions with State Department officials indicated the difficulty, if
52

not the impossibility, of obtaining a landing site for Dyna-Soar in Brazil.

Unless Air Force headquarters would tolerate increased costs, reduced

flight test objectives, or employment of a new booster, the Dyna-Soar

office thought that a landing field in Brazil was essential. The program

office stated that employment of alternative landing sites would seriously

£ affect the conduct of Category In flights and would probably prevent
53

attainment of important research objectives. Although Dr. Brockway

,cNillan, Assistant Secretary of the Air Force for Research and Development,

"reiterated this position to the Department of Defense, the subject of a

Fortaleza lending site did not assume a greater significance because the

Air Force was already seriously questioning the need for suborbital flight.
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From JanuarT 1960 through April 1961, the Dyna-Soar program office

had defined the three-step program and had implemented the suborbital

phase. While Air Force headquarters had approved the April 1960

development plan, it had not sanctioned the more detailed April 1961

system package program. The reason for this suspendod action was apparent.

The Dyna-Soar office was engaged in a study which promised to eliminate

suborbital flight, accelerate the date for the first manned orbital

launch, and, consequently, radically alter the three-step approach.

o
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CHAPTER IV

REDDIECTION

When Brigadier General M. B. Adamsp Deputy Director of Systema

Development in Air Force headquarteres forwarded Development Directive 411

in October 1960, he initiated a series of studies which eventually resulted

in a redirection of the Dyna-Soar program. General Adams instructed the

Air Research and Development Command to formulate a "stand-by" plan for

achieving orbital flight with the Step I glider at the earliest possible
1

date. In December, the Dyna-Soar office was ready with such a proposal.

By merging Steps I and IIA into a continuous development and employing an

orbital booster for both suborbital and orbital flights, the time for the

first, manned, orbital launch could be accelerated by as much as 17 months
2

over the three-step" schedules.

Depending on either a March 1961 or a November 1961 approval date,

Dyna-Soar officials estimated that by using a Titan nI in combination with

a Centaur derivative, the program would cost either $726 million or $748

million. If Saturn C-I was designated, the figures wuld be $892 million

or $899 million. The total, however, for a separate suborbital Step I and an

orbital Step IIA would approximate $982.6 million. This financial difference

between "stand-by" and the three-atop approach etemed from the employment

of the same booster for both suborbital and orbital flights. The Dyna-Soar

office favored this accelerated approach and recommended that ARDC headquarters
3

immediately approve "stand-by." Comand headquarters did not agree and
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took the position that "stand-by" would only be approved when the inter-

national situation necessitated a higher priority and additional funds
4

for Dyna-Soar.

The logic of employing the same booster for Steps I and IIA pointed

to a further conclusion. On 4 May 1961, Boeing officials proposed another

plan for acceleration. This "streamline" approach encompassed the elimination

of suborbital flight, temporary employment of available subsystems, and the

use of Saturn C-l. Assuming a June 1961 approval date, Boeing representatives

anticipated the first unmanned, orbital flight to occur in April 1963,
5

instead of August 1964 as scheduled in the three-step approach.

Temporary subsystems would only decrease system reliability, the

program office reasoned, and, consequently, Boeing's proposal was not

entirely acceptable. Dyna-Soar officials considered that the key to

accelerating the orbital flight date was not only the question of booster

availability, but also the time required to develop the various glider

subsystems. If funding for fiscal year 1962 were increased, it would be

possible to accelerate the glider schedules and advance the orbital fligbt

date.

By the end of June, the program office had refined Boeing's original

plan. The first phase, "streamlinep" involved the development of an orbital

research vehicle. The purpose of the second phase was the development and

testing of military subsystems with the final phase resulting in an operational

weapon system. Either a modified Saturn booster# a Titan II with a hydrogen-

o2qgen second stage, or a Titan U augmented by solid propellant enginesp

was acceptable for the "streamline" phase. The program office now estimated



that this phase would cost a total of $967.6 million, with the first
6

unmnned, orbital flight occurring in November 1963.

While the Dyna-Soar office was considering ways to accelerate the

orbital flight date of its glider, the newly established Space Systems

Division (SSD) completed, on 29 May 1961, two development plaran for

demonstrating orbital and far-earth orbital flight of a lifting body

design. Essentiall, the objective of the Advanced Re-entry Technolog7

program (ART) was to determine whether ablative or radiative heat protection
7

was more feasible for lifting re-entry. The second program advanced by

SSD was a manned, satellite, inspector proposal, SAINT Ile

The space division had under its cog niance a SAINT I program, the

purpose of which was the development of an unmanned, prototype, inspector

vehicle. The SAINT II proposal involved the development of a manned vehicle,

capable of achieving precise orbital rendezvous and flfilling space logistic

missions. This lifting body would be able to maneuver during re-entry and

accomplish conventional landing at a pro-selected site. Officials of the

space division listed several reasons why the Dyna-Soar configuration could

"not, in their opinion, acgompliah SAMiT U i masces. The r.-entr'7 veloci.y

of Dyna-Soar could not be significantly inciease4 because of the inadapability

of this configu.tion to ablative heat protection. Furthsrmore, winged-

eonfigurations did not permit sufficient paylcad weights and incurred

structural penalties to the booster. FinalUy. rendeavous and logistic

missions would require prohibitive modifications to the Dyna-&oar glider.



The proposed SAINT TI demnstration vehicle was to be a two-man,

lifting, re-entry craft, launched by a Titan 3 and Chariot combination.

This Chariot upper stage would employ flourine and hydrazine

propellants and would produce 35,000 pounds of thrust. -The vehicle would

be limited to 12,000 pounds, but, with approval of an Air Force space

launch system, the weight could be increased to 20,000 pounds. Twelve

orbital demonstration launches were scheduied, with the first ur•maed

flight occuring early in 1964 and the iniWial manned launches taking

place later that year. From fiscal year 1962 through 1965 this program wouldS
require "9.9 million.

After examining the space division proposal and the Dyna-Soar plan for

acceleration, General B. A. Schriever, AFSC commarder, deferred a decidion

on Dyna-Soar until the relationship between "streamline" and SAINT 11 was

clarified. Moreover, further analysis of an orbital booster for Dyna-Soar
9

would have to be accomplished.

Froa 1 through 12 May 1961, a Dyna-Soar technical evaluation board,

composed of representatives from the Air Force System Comnand, the Air Force

Logistics Comand (AFLC), and the National Aeronautics and Space Administration,

had considered 13 proposals for orbital booster* from the Convair Division, the

Martin Company and NASA. The evaluation board decided that the YArtin C plan was

the most feasible approach. The first stage of this liquid booster consisted of

an ZJW7-AJ-3 engine, capable of producing 4v0000 pounds of thrust hAile the
10

second stage, with a J-2 engine, could deliver 200,000 pounds of thrust.

I
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The Dyna-Soar Directorate of the Space System Division, having the

responsibility for developing boosters for System 620A, also made a

recommendation on the Step IIA propulsion. On 11 July, Colonel Joseph

Pellegrini informed the Dr"-Soar of.fice that his directorate favored

employment of the projected Space Launch System A388. This proposal was

an outgrowth of an S3D study en a Ph-R.C31- series of varying combinations

of solid and liquid boc¢ters to b' iied i. !aev3ral Air Force space missions.

Phoenix £388 was to have a solid first stage, wdhch could produce 750,000

pounds of thrust, and a liquid propellant second stage, u-rAg the J-2

engine.

On 3 and 4 August l. *. Co: t*l Walter L. MIoore, Jr., director of the

Dyna-Soar program, bre-.6.4t. t.ý. "t ,iri"' proposal Vfore the Strategic

Air Panel, the Syettns Re.i;: i'nc, tha.: i• Vice Chief o" Staff. The

program director pointed out that Ity eI-AAr~i'2ijg suborbit&d flight the

first air-drop wuld occur in mid-1963'; the firsr, unmann.d, orbital flight

in l1,64; and the first, piloted, orbital launch in early 1965. In

comparison, the first, piloted, Step IIA flight had been scheduled for

Jauary 1967. Not only would the orbital flight date be accelerated but

considerable financial savings would also accrue.* Colonel Moore now

estimated that the combined cost of Steps I and IIA was projected at

*1.201 billion# wile the figure for "strquaine" would run $1.026 billion.

The director concluded by msiasising that Dyna-Soar provided the most

effective solution to an Air rores, manned, space program, and "streamlinew
12

was the most expeditious approach to piloted# orbital flight.
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Officials from SSD and the Aerospace Corporation presented their

considerations for a "streamline" booster. At this point# it was clear that

previous SSD evaluations for a Step 11A booster were simply incorporated in

the "streamline" analysis. The first choice of Aerospace and SSD officials

was again their proposed Phoenix space launch eys•eu. Assuming a November 1961

approval date, Phoenix A388 allowed the first, unmanned launch to occur in July

)1964, and, based on an 18-flight Dyna-Soar program, the cost for Phoenix

development from fiscal year 1962 through 1966 would tctal $183.3 million. The

second option was the Soltan, derived by attaching two 100-inch diameter solid

propellant engines to the Titan Il. The projected Soltan schedule permitted

the same launch date as the Phoenix, but the cost was estimated at $325.4

million. Although the Saturn C-i allowed an unmanned launch date in

November 1963 and the cost would total $267.2 million, this booster was

the third choice, largely because it was deemed less reliable. The space

division representatives then concluded their part of the presentation by
13

discussing the merits of ART and SAINT Il.

The Assistant Secretary of the Air Force for Research and Development,

Dr. Brockway McMillan, was not as enthusiastic for acceptance of the Phoenix

system. While he did not recommend use of the Saturn, Dro McMillan

thought that the Air Force should seriously consider the fact that the big

NASA booster would provide the earliest launch date for Dyna-Soar. The

ass•itant secretary believed, however, that an Atla*-Centaur combination

would be the most feasible space launch vehicle for 10,000 pound payloads

through 1965. After this time period# Dr. KXillan favored Soltan.

D
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Prior to these briefings, General Schriever was already convinced

that Dyna-Soar had to be accelerated. He further believed that the best
15

selection for the booster was Phoenix A388. On 11 August, he informed

ASD, SSD and his Deputy Commander for Aerospace Systems, Lieutenant

General H. M. Esten, Jr., that "streamline" had the approval of AFSC

headquarters and had to be "vigorously supported" by all elements of the

comwnd. Tet, the acceleration of Dyna-Soar was not that simple. The

AFSC coander was still concerned over the duplication of the manned,

SAIl•T proposal and an orbital Dyna-Soar. He stated that these plans

constituted a complex, and, at that point, an indefinable approach to

aitary space flight which oould not be presented to USAF headquarters.

Consequently, General Schriever directed that a Xanned, Military, Space,

Capability, Vehicle study be completed by September. This proposed program

would consist of "streamline#" and a Phase Beta study which would determine

vehicle configuration, boosters, military subsystems, and missions for

an operational system whieh would follow Dyna-Soar. General

Schriever also directed that the applied research programs of his command

¶ be reviewed to assure contributions to Dyna-Soar and far-earth orbital
16

flights.

• During an August 1961 mestir, of the Designated Systems Management

Groupq the Secretary of the Air Forcep Eugene K. Zuckert, conmented on

the question of Dyna-Soar acceleration. He directed the three-step

*In early April 1961, Lieutenant General R. C. Wilson, Deputy Chief of

Staff for Development# appeared concerned with the management of Air Force

i771



approach to continue until the position of Dyra-Soar in a manned, military

space program was determined. Within the confines of the $100 million

fiscal year 1962 budget, the secretary stated that action could be taken to

facilitate the transition from a Step I to a "streamline" program. Finally,

he requested a study on various approaches to manned, military, orbital
18

flight.

Under the direction of General Estes, a committee was formed in 'mid-

August 1961 with representation from the Air Force Systems Comand, RAND,

MITRE, and the Scientific Advisory Board for the purpose of forznaating a

manned, military, spaci plan. The work of the committee was completed

by the end of September with diverse sets of recommendationa.

headquarters over the Dyna-Soar program. Although the Air Staff had
devoted considerable attention to this program, it had not always been
successful in affecting the decisions o: the Secretary of the Air Force
or the Secretary of Defense. General Wilson indicated to General C. E.
LeMay, the Vice Chief of Staff, that this situation could be alleviated if
the program were placed under the management of the Air Force Ballistic
Missile and Space Committee. General Le•ay, on 5 May, concurred and
pointed out that the Department of the Air Force would have to place
increasing emphasis on Dyna-Soar because it was a system leading to manned
space flight. Dr. J. V. Charykc, the Air Force under secretary, disagreed
and thought that since Dyna-Soar was primarily a research project, transfer
of the management in the department should be deferred until a Dyna-,oar
weapon system was under development. On 25 July, the Secretary of the
AL Force replaced the ballistic and space commttee with the Designated
Systems Management Group. Composed of important officials in the Depart-
ment of the Air Force, this group was to assist the Secretary of the
Air Force in managing significant programs. By 1 August 1961, the Dyna-
Soar program was listed as one of the system under the jurisdiction of
the designated management group. 1 7
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One of the working groups, chaired by a representAtive from the

Aerospace Corporation, favored terminating the Dyna-Soar program and

redirecting Boeing's efforts to the development of a lifting body. Such

an approach would cost $2 billion. A second alternative was to accelerate

a suborbital Dyna-Soar program, cancel the orbital phase, and initiate

studies for far-earth, orbital flights. This proposal would total $2.6

billion. The least feasible approach, this group considered, was to

implement "streamline," and initiate a Phase Beta. Such a program would
19

be the mst expensive, totaling $2.8 billion.

The opposite position was assumed by a panel of Scientific Advisory

Board members, chaired by Professor C. D. Perkins, which strongly supported

.the last alternative of the Aerospace group. The Perkins group thought that

military applications of a lifting body approach did not offer more promise

than Dyna-Soar. To emphasize this point, the group questioned the control

characteristics of a -lifting body design which could make thq execution of

conventional landings hazardous. The group further argued that "streamline"

should be directed towards defining military space objectives and insisted

that a Phase Beta and an applied research program should be undertaken
20

before considering an advanced Dyna-Soar vehicle.

General Estes reached his own conclusions about a manned, military,

space study. "Streamline" should receive Air Force approval; howverp it

should have unquestionable milita= applicatons# namly satellite inspection

and interception missions. The deputy cousder doubted that a Dyna-Soaz

a.



- 87

vehicle could accomplish far-earth orbital flights and undergo the

resulting re-entry velocity, ranging from 35,000 to 37,000 feet per

second, and, consequently, he firmly stated that a Phase Beta study,

conducted by Boeing, was necessary to determine a super-orbital design
21

for Dyna-Soar.

Secretary of Defense Robert S, McNamara also made a pronouncement

on Dyna-Soar. After hearing presentations on the program and the military,

space proposal of SSD, the secretary seriously questioned whether Dyna-
22

Soar represented the best expenditure of national resources. From this

encounter with the defense department, the Air Staff derived a concept which

was to dominate the Dyna-Soar program. Before military applications could

be considered, the Air Force would have to demonstrate manned, orbital
23

flight and safe recovery.

During a meeting of the Designated Systems Management Group in early

October 1961, it was very clear that the Air Force had decided in favor of

"streamline." The management group had severely criticized SAINT I1, by

insistingthat the projected number of flight tests and the proposed funding

levels were tw unrealistic. As a result of this review, the Department of
24

the Air Force prohibited further use of the SAINT designation.
Dyna-Soar officials completed, on 7 October 1961, an abbreviated

development plan for a manned, military, space, capability prog-ram. The

plan consisted of "itreamline"I a Phase Beta study, which would determine

approaches to the design of a super-orbital Dyna-Soar vehicle; supporting

technological test programs; and an applied research program. The objectives

I'
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of the proposed Dyna-Soar plan were to provide a technological basis for

manned, maneuverable, orbital systems; determine the optimum configuration

for super-orbital missions, and demonstrate the military capability of both

orbital and super-orbital vehicles.

The program office considered the Phoenix system acceptable but derived,

instead, a ne'u two-step program bwsed on the employment of Titan III, which

differed frcu Soltan by using tw 120-inch diameter solid propellant engines.

While Dyna-Soar I would encompass the "streamline" proposal, Dyna-Soar II

wuld "rnvolve the development of a far-earth, orbital vehicle. The program

office anticipated the first, unmanned, orbital flight in November 1964,

and the first, piloted flight in May 1956. The next five flights would be

piloted with the purpose of accomplishing multiorbital missions. The

ninth flight test, occurring in June 1966, however, -would be an unmanned

exploration of super-orbital velocities. The remaining nine flight tests

* would be piloted, with the purpose of demonstrating military missions of

* satellite interception and reconnaissance. The flight test program was

to terminate by December 1967.

To accomplish this program, the Dyna-Soar office considered that

$162.5 million would be required for fiscal year 1962, $211.7 million

for 1963j, $167.4 million for 1964, $168.6 million for 1965, $99.0 million

for 1966, $21.0 million for 1967, arA $2.4 midlion for 1968. With $88.2

million expended prior to fiscal year 1062, these figures would total
1 f25

S$921 million for the development, Of a manned, military, Dyna-Soar vehicle.

I,
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On 15 October 1961, Colonel B. H. Ferer of the Dyna-Soar system

staff office, USAF headquarters, requested W. E. Lamar ,Dr-puty Director

for Development in the Dyna-Soar office, to brief Dr. Brockway McMillan and a

military, manned, spacecraft panel, convened to advise the Secretary of

Deferwe. Mr. Lamar gave a comprehensive narrative of the history of Dyna-

Soar and its current status to the assistant secretary. While Dr. Mc•illan

approved the briefing as suitable for the spacecraft panel, he requested

Mr. Lamar not to emphasize militar7 applications at that time. The

briefing to the panel followed, but Colonel Ferer once again called

Lam-r. The deputy for development was rescheduled to brief Dr. L. L.

Kavanau, Special Assistant on Space in the Delartment of Deferse. Dr.

Kavanau appeared quite interested in the various alternatives tc necelerating

Dyna-Soar and finally stated that it was sensible to go dii-ectlj :-
26

orbital booster.

Based on the October proposal, General Estee prepared anot.....

development plan for Dyna-Soar. This approach was presented L. .aories

of briefings to systems comand headquarters, the Air staff, a, )n 14
27

November, to the Designated Systems Management Group. The *.tral

objective was to develop a manned, maneuverable vehicle, capable of

obtaining basic research data, demonstrating re-entry, testing subsystems,

and exploring man's military function in space. These objectives were to

I I I I I I I I I I I I



be achieved by adapting the Dyns-Soar glider to a Titan III booster, in

place of the preiously approved, suborbital Titan 11.

The Dyna-Soar office considered two alternate funding plans. Plan

A adhered to the established $100 million ceiling for fiscal year 1962,

set $156 million for 1963, and required $305.7 million from 1964 through

1967. Total development funds would amount to $653.4 million and would

permit the first, unmanned ground-launch by November 1964. Plan B

followed the ceilings of $100 million for fiscal year 1962 and $125

million for fiscal year 1963. Under this approach, $420.2 million would

be required from 1964 through 1968, totaling $736.9 million. This latter

plan established April 1965 as the earliest date for the first, unmanned

ground-launch. Regardless of which approach was taken, the proposed

program would substantiallj accelerate the firstmanned, orbital flight
29

from 1967 to 1965.

On ii December 1961, Air Force headquarters informed the systems

command that the Secretary of the Air Force had agreed to accelerate the

Dyna-Soar program. The suborbital phase of the old three-step program

was eliminated, and the central objective was the early attainment of

**%iile accepting the standard space launch concept,. the Department
• , of Defense decided against the employment of a Phoenix system and, on

13 October, informed Dr. Mckillan that Titan I= was to be the Air Force
"space booster.8
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orbital flight, with the Titan III booster. Plan B of the November lV61

development plan was accepted, and $100 million for fiscal year 1962 and

$125 million for 1963 was stipulated. Finally, the Air Staff instructed

the Dyna-Soar office to present a new sstem package program to headquarters
30

by early March 1962.

Colonel Moore set the following tentative target dates to be considered

in reorienting the programs the first air-launch in July 1964; the first,

utmanme, orbital ground-launch in February 1965; and the first, manned,

orbital ground-launch in August 1965. The program director conmented that

the advancement of the program to an orbital status represented a large
31

step toward meeting the over-all objectives of Dyna-Soar.

The program office then issued instructions to its contractors, the

Boeing Company, the Minneapolis-Honeywell Regulator Conparq, and

* the Radio Corporation of America, pertaining to the redirected program.

The tentative dates offered by Colonel Moore were to be used as guidelines

for establishing attainable schedule@* The Dyea-8oar glider was to be

capable of completing one orbit with all flights terminating at Edwards

Air Force Basee California. The system office informed the contractors

that no requirements existed for maneuvering in space nor for the develop-

ment of military subsystems. The contractors were to make only a minimum

number of changes to the glider and the transition qection in order to

adapt the airframe to the Titan flIC. To conform to budget restrictions,

a serious reduction in propua scope me necessarye Certain wind

tunnel tests would have to be suspendede The air-launch program

would oonsist of only 15 drop r•m a 9-52 and would terminate IA



April 1965. The f~irt two ground-launches were to be unmanned, and the32
remaining eight were to be piloted.

on 27 December 1961, the Deputy Chief of Staff for Systems and

Logistics, USAF headquarters, issued System Program Directive 4# which

reiterated the program objective announced in the November 1961 development

plan. The deputy chief of staff em gasized the Air Force view that man would

be required to perform missions essential to natioral security in space.

The Dyna-Soar program would provide a vehicle which offered an economical

and flexible mans to return to a specific landing site, and, con¢equiently,

wud fulfill a vital military need not covered in the national space

program. The directive specified that Titan IUC was to be the boosterj,

and that only single orbits were contemplated for each ground-launch.

Although Air Force headquarters chose the low funding level of Plan B,

$100 million for fiscal year 1962 and "11 million for 1963g headquarters algo

Insisted on the accelerated fight dates of Plan A. The deputy chief of

staff would accept later flight dates only if an examination by

the systems conmand revealed the impossibility of achieving such a schedule.S~335*

Lastly, a new system package program had to be completed by March 1962.

*The flight schedule of Plan A in the Nlovember 1961 development plan
stipulated April 1964 for the air-launch program, Noveber 1964 for the
""2nned ground-launch, and May 1965 for the manned ground-launch.

* Jaor General W. A. Davis#, AD coomnder protested that the March
1962 date was an arbitra7 limitation and did not allow the system office
enugh .time to reshape the prograu Air Force headquarters apparental
received this recoInndation favorably because, on 2 Februa-7 1962, the
Deputy Chief of Staff for System and logistics issued an amwndmt to the
system program directive of 27 Decmber 1961, extending the completion date
of a new system package program to the middle of MVA 1962.34



To give further legal sanction to the redirected program, Air Force

headquarters, on 21 February 1962, issued an amendment to the advanced

development objective, dated 21 July 1960. This amendent deleted

references to suborbital flights and to the development of military

subsystems. Air Force headquarters, however, did state that a reliable

method for routine recovery of space vehicles woutld make military missions

practical. The amendment further stipulated that the program was oriented

to single orbital flights, with the first, unmanmed ground-launch occurring
35

in November 1964.

In a memorandum of 23 February 1962, Secretary McNamara officially

endorsed the redirection of the Dyna-Soar program. He directed the

termination of the suborbital program and the attaiment of orbital flight,

by employment of the Titan IIIC booster. The funding level was limited to

$100 million in fiscal year 1962 and $115 million in 1963. Finally,

Secretary McHamara insisted on a redesignktion of the Dyna-Soar program
36

to a nomenclature more suitable for a research vehicle.

By the end of February, a draft version of the system package program

was completed, and, in the middle of March, the program office offered the

preliminary outlines to AFSC and Air Force headquarters. The central

point of this briefing was that the $115 million fiscal year 1963 ceiling

*This advanced development objective had been previously designated
System Development Requirement 19, issued on 21 July 1960.
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wculd endanger the attaUinment of desired system reliability and would

also limit the flight profile of the glider. As a result of these

presentations, Air Force headquarters instructed the system. command to
37

prepare b briefing for the Department of Defense*

On 17 April, officials of the Dyna-Soar office made a presentation

to Dr. Harold Brown, Director of Defense for Research and Engineering.

The program office wanted approval of a $12.2 million increase for fiscal

year 1963 and, also, an additional $16.7 million to realize an unmanned

ground-launch date of May 1965. Dro. Brown offered to give both proposals

further consideration and requested the Dyna-Soar office to present

alternative funding levels to meet a Mya or July 1965 unmanned launch
38

date.

P7 23 April 1962, the system package program was completed. The

objective of the new Dyna-Soar program had been clearly announced by the

November 1961 developmnt plan and was reiterated in this more elaborate

proposal. Dyna-Soar was a research and deelopment program for a militaz7,

test system to explore and demnstrate maneuverable re-entry of a piloted,

orbital glider which could execute conventional landing at a pre-eelected

site. For the Dyna-Soar office, the new program represented a fundamnntal

stoep towards the attainment of futures piloted# military, space flight.

Prior to redirection in Decembor 1961, the Dyna-Soar system office

had final authority over the Stop I booster being developed by the space

division. Under the new program, bomver, the Dyna-Soar glider would only

be one of the payloads for the standard space launch system, designated
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624A. Titan IIIA formed the standard core and was essentially a mdified

Titan II with a transtage composed of an additional propulsive unit and

a control module. This version of the standard launch system, although

it had no assigned payload, as yet, was capable of placing 7,000 pounds

into an orbit of 100 nautical miles. The Dyna-Soar glider, however, was

scheduled to ride the Titan IIIC booster. This launch system was derived

from the standard core vith an attached first-stage of two, four-segment,

solid, rocket motors capable of delivering a total of 1,760,000 pounds of
*

thrust. The second and third stages were liquid propulsive units and

would produce 474,000 and 100,000 pounds of thrust, respectively, Titan

MUC could place a maximum, oa 25,000 pounds in low-earth orbit, however,

for the particular Dyna-Soar trajectory and conditions, the payload
40

capability was 21,000 pounds.

The flight test program was defined in three phases. One Dyna-Soar

glider was now scheduled to accomplish 20 air-launches from a B-52C aircraft

to determine glider approach and landing characteristics, obtain data on

lift-to-drag ratio and flight characteristics at low supersonic velocities,

and accumalate information on the operation of the glider subsystems.

On four of the air-launches, the acceleration rocket would power the

glider to a speed of Mach 1.4 and a height of 70,000 feet.

elate in Xay 1962, the Assistant Secretary cR.•llan requested the
De-Soar office to investigate the impact of emloying a five-segesnt
Titan MIC on the prograz. Although this change would necessitate ideor
mdifications asounting to $5.4 million, the program office recomended

4 that the five-segment configuration be selected for Dyna•-oarp and commn
headquarters concurred on 25 July*39

- i
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Figuzo 1. Titan IIC "An DyinA-Soar prior
to launch (artist's drawing).
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Figure 20 Dyna-Soar flight during
solid-stage burning*

Aý' Mm



98

-> ' ' 'yi

4-. 

t 
,



Figure 4. Transtage separation.
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Following the air-launch program, two, unmanned, orbital launches

would occur. The purpose was t) verify the booster-Llider system as a

total vehicle for piloted flight, and demonstrate glider-design for

bypersonic velocities* The Titan IIIC would propel the glider to a

velocity of 24,490 feet per second, and after fulfilling its orbital

mission, the vehicle would land at Edwards Air Force Base by employment

of the drone-landing techniques. Eight, piloted, orbital flights were

to follow, further exploring and defining the Dyna-Soar flight corridor.

According to the reasoning of the Dyna-Soar office, the first air-

launch would occur in September 1964, with the final drop taking place in

July 1965. The first, unmanned ground-launch was to be conducted in

May 1965, with the second, unmanned flight occurring in August 1965. The

first, piloted flight was scheduled for November 1965 and the last, marmed,

orbital mission for the beginning of 1967* The Dyna-Soar office had

hopefully attempted to obtain the earliest possible launch dates and

still remain within the $ll5 million fiscal year 1963 ceiling set by
41

USAF headquarters on 27 December 1961.

On 25 April 1962, General Davis forwarded the system package program

for the approval of AFSC headquarters. In line with Dr. Browns request

for alternative funding proposals, the Dyna-Soar office submitted a more

realistic funding schedule. To meet a May 1965 schedule for the first,

unmanned launch, $144.8 million was required for fiscal year 1963 and

$13•.1 million for 1964. If the first, unmanned launch was to occur in

July 1965, then $127.2 million was needed for fiscal year 1963 and $133.1
42*

million for 1964.

*.General Davis also pointed out that the Pacific Missile Range of
the Department of the Navy had issued a financial requirement of $100

.. .. .. M.. ..... ...
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Following completion of the system package program, a series of

presentations were made to elements of ASC headquarters, Air Force-

headquarters and the Department of Defense. To remain within the $115

million fiscal year 1963 ceiling, the Dyna-Soar office was forced to

reduce the development test program, thereby decreasing the reliability of

the glider system and limiting the scope of the flight teat program. During

one of the briefings to the Department of Defense, Dr. Brown recominded

significant changes to the Dyna-Soar program. Additional funds would be

allotted for further development testing, and most important# the Dyna-Soar
44

glider was to fulfill maltiorbit missions.

On 14 May, the program office had completed a revision of its system

package. The wind tunnel program was expanded. Glider and panel flutter

tests were added. Work to increase the heat resistant ability of certain

sections of the glider was contemplated. Refinement of the glider design and

dynamic analysis of the air vehicle vibration were additional tasks. The

program office further scheduled additional testing of the reaction control, the

environmental control, and the guidance systems. A more comprehensive relia-

bility program for the glider and the coinincation and tracking system was to

illion for the construction of four vesnels which would be employed in the
Dyna-Soar program, The ASD commander emphasized that other space propsin
would eventually use these facilities, and, consequenty, this cost should
not be fully attributed to System 620A. Pacific range officials lowered the
requirement to three new ships and modification of an ewdsting vessel,
totaling $69 million. V the middle of Xay, Navy official agreed that ship
costs of $36 million and a total range requirement of $49 million vx directly
related to the Dyna-Soar progr•e. Because of subsequent revisions to the
progIam range officials then submitted an increased estimate of $69 million
for both the 10 October 1962 and the 11 Jahuary 1963 system package program.
The Dyna-Soar office did not concur with this figure, however,# total reag
costs relating to System 620A were agreeably reduced to .48*88 milon in
May 1963.43

//
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be inaugurated, and an anml) .il of a means to reduce the weight of the

glider subsystems was to take place.

For the Dyna-Soar office, maltiorbital missions were a logical and

relatively inexpensive addition to the basic program and would probably

be scheduled for the fifth or sixth ground-launch. Such a demonstration,

in the opinion of the Dyna-Soar office, was a prerequisite to •re

extensive exploration of the military function in piloted, space flight.

Multiorbital missions, however, necessitated modification of the guidance

system, increased reliability of all subsystems, and the addition of a

de-orbiting unit.

Previouly, a single-orbit, Dyna-Soar mission did not require the

employment of a de-orbiting system, largely because the flight profile

was onlyan around-the-world, ballistic trajectory. The Dyna-Soar

office considered two alternatives for equipping the glider with a

de-orbiting ability. One possibility was to place a system tn the transition

section of the glider. Another approach, actually chosen, was to employ the

trsnstage of the Titan MIC vehicle. This fourth stage would permit

accurate orbital injection of the glider and wuld remain attached to

the transition section to provide de-orbiting propulsion.

Along with these additions to the system package program, the Dyna-

Soar office submitted a now funding schedule. The reqiront a $152.6

-l..ion for fiscal year 1963p $1J5.2 m1Ullon for 1964, 11.3.7 million for

1965, *78.3 milion for 1966, and $17.7 million for 1967. This Proposal

wuld set the total cost for the Dyna-Soar program at $602.1 si 1 1 ion.A4
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Before the Department of Defense acted on these revisions, the

system office and Air Force headquarters had to determine a new

designation for Dyna-Soar, more accurately reflecting the experimental

nature of the program. In his February memorandum, Secretary of Defense

McNamara directed Secretary Zuckert to replace the name "Dyna-Soar"

with a numerical designation, such as the 1-19. Mr. J. B. Trenholm, Jr.,

assistant director of the program office, requested his director for

program control to derive a new nomenclature for Dyna-Soar. The assistant

director added that the program office should offically request retention

"( "Dyna-Soar" as the popular name. Whatever the designation, Air Force
46

headquarters required it by April.

Following Air Force regulations, the director for program control

reluctantly submitted ARDC form 81A, offering the designation, XJN-i and,

at the same time, requested use of "Dyna-Soar." Colonel Ferer at USAF

headquarters did not concur with the LIN-1 label but offered instead

DKS-1, designating experimental-me.-med-spacecraft. Other elements in

Air Force headquarters and in the Depax .ment of Defense objected to both

designations. Finally, on 19 June 1962, USAF headquarters derived and

47
approved the designation, X-20. On 26 June, a Department of Defense

newt release explained that this new designation described the experimental
48

character of the program. B the middle of July, Air Force headquarters
49

"allowed the word, "Dyna-Soar," to stand with X-20.

On 13 July 1962, USAF headquarters informed the systms consand

that the Secretary of Defense conditionally approved the 14 MaY revision

of the system package program. Inatead of the requested $152.6 million

4'r
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for fiscal year 1963, Secretary McNamara authorized $135 million and

Insisted that future funding would not exceed this level. He further

stipulated that Dyna-Soar schedules would haie to be compatible with

Titan MIIC milestones and that technical confidence and data acquisition

in the 1-20 program would have precedence over flight schedules. Air

Force headquarters then directed the program officio to make appropriate
50

changes to the system package as soon as possible.

In spite of the fact that the Dyna-Soar program had been redirected,

funds and approval were still lacking for System 624A# Titan III. Since

the 1-20 was scheduled to ride the fourth development shot of Titan MiC,

flight dates for Dyna-Soar could not be set until the Titan schedule was

determined. On 31 August 1962, the space division informed the Z-20

office that calendar dates for booster launchings could not be furnished

until funding had been released. This was expected by Noveber, with

program development beginning in December 1962. The first Titan IIC

launch would occur 29 months later, and the fourth shot (the first, Dyna-
51

Soar, unmanned launch) would take place 36 months after program "go-ahead."

Based on this Titan MIIC scheduling assuption, the Z-20 systm

office completed, on 10 October, another system package prograe- Twenty

Sair-drop tests were to be conducted from January through October 1965.

Two unmanned, orbital launches were to occur in Novemer 1965 and February

1966. The first of eight, piloted flights vs to take place In Xay 1966,

with a possible multiorbit launch occurring in November 1967. The Dyne-Soar

*Thee X-2O schedules proved compatible with the Titan MI sohedle•so,

for on 15 October 1962, Air Force headquarters issued System Program Directive
9. This authorized research and development of the space booster to begin on
1 December 1962 with a total of $745*. mifion from fiscal year 1962 through
1966.

i• • _ ' .--- . . .. I -E . ,-•.. -- I l;: • _
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office stipulated that $135 million would be required in fiscal year 1963s

$135 million in 1964, $102.78 million in 1965, $10r.51 million in 1966,

$66.74 million in 1967, and $10 million in 1968. rhe program would require
52

$766.23 million for the development of the orbital 1-20 vehicle. Major

General R. G. Ruegg# ASD commander, submitted this system package program

to AFSC headquarters on 12 October 1962, however, it never received command

endorsement.

While the 1-20 office was concerned with Titan M schedules and

approval of a new package program, APSC headquarters directed a change in

the organization of ASD which had possible significance for the Dyna-Soar

program. On 28 September 1962, the systems command directed that the

function of the ASD Field Test Office at Patrick Air Force Base, Floridas

be transferred to the 6555th Aerospace Teat Wing of the Ballistic Systems
53

Division.

Previousll ARDC headquarters had established, on 4 August 1960, &

general policy on test procedures which firmly placed control of system
54

testing in the various project offices rather than the teat centers.

With headquarters approval, the Dyna-Soar office appointed a test director

for the entire Category n program and directed that the Air Force Flight

Test Center provide a Deputy Director for Air-Launch and the MWDD Field
55

Test Office at Patrick Air Force Base, a Deputy Director for Ground-Lanch.

The test centers, however, objected to giving the project offices full

authority, largely because such a policy did not fully utilise their ability

to conduct flight test programs. Consequently, on 31 January 1962, General

' I I I I I I I



Schriever rescinded the August 1960 policy and directed that, while over-all

authority still rested in the program offices, the centers and test wings

would prepare and ilement the test plans and appoint local teat directors.

While the purpose of this new policy was to give the test centers more authority

in the test program, it did not result in any significant changes to the

structure of the Dyna-Soar teat force. Under this new arrangement, the

prowrrt office appointed a Deputy System Program Director for Test, while

the flight test center provided the Air-Launch Test Force Director and the
57

Patrick field offices the Ground-Launch Test Force Director.

Throughout these changes in the Dyna-Soar test structure, the 6555th

Aerospace Test Wing of the Ballistic System Division had authority only

during the operation of the booster. With the transfer of the functions

of the ASD field office to this test group, however, the aerospace wing

became, in effect, the director of the orbital flight tests. This teat

group was responsible to the cohmander of BSD, who, in the instance of

conflicting requirements of various assignments, would determine priorities
58

for the operations of his teat wing.

In an effort to conserve program funds, the Z-20 office formalated a

flight test program, the "Westward-Ho" proposal# which would eliminate the

necessity for the construction of several control centers and maltiple

flight sinrilators. Previous plaming had located a flight control center

at Edwards Air Force BSu for the conduct ot the air-launch tests. The

ground-launch program reqmired a launch center and a flight oontrol center,

both at Cape Canave•rl., and also a recovery center at 3dwards Air Force Base.

"Westward-Ho" simp proposed the conaolidation of the flight control centers

-RUM
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for both the air-drop and ground-launch tests at Edwards, leaving only a

launch control center at the Cape. The Air Force Flight Test Center would

provide a test director for both the air-drop and orbital flight tests,

who would be responsible in turn to the 1-20 program office. By establishing

one flight control center and employing only one flight simulator# the Dyna-
59

Soar office estimated a savings of at least $3 million.

The "Wlestward-Ho" logic of the 1-20 office was not apparent to AFSC

headquarters. On 19 December, the AFSC vice comander# Lieutenant General

Estes, directed the establishment of a manned, space flight, review groups

for the purpose of examining all aspects of the 1-20 test program including

the relationships of the various APSC agencies. Brigadier General O. J.

Glasser of the Electronic System Division was named chairman of this group,

which was.to be composed of representatives froa AFSC headquarters, the

aeronautical division, the space division, the missile test center and the
60

missile development center.

Colonel Moore noted that the Air Force Flight Test Centers, the key

agency in "Westward-Ho" had not been permitted representation at this reTiew.

Furthermore, he had offered to familiarize the commttee w.th a presentatimu
61

on the Dyna-Soar test requirement, but this proposal ms rejected. The

significance of the coming review was not entirerl clear to the X-20

program office.

General Mlasser's cinittee formally convened on 3 and 23 Jama7 and

S ebruar7 1963. While no decisions were made at these moetins, the

anrbere discussed several critical points of the Dyns,-Soar program. Although

~"T9
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the Test Support Panel seemd to favor the location of a single flight

control center at Edwards Air Force Base, it was clear that "Westward-

Ho" impinged on the interests of the Air Force Missile Development Center,

the Space Systems Division, and the Air Force Missile Test Center. General

Glasser, however, emphasized the central problem confronting the Dyna-Saar

program: the open conflict between the Space Systems Division and the

Aeronautical System Division for control of the only Air Force, manned,

space program. The Organization and Management Panel, offered some solutions

to this problem. First, management of the program by AFSC headquarters

would have to be altered. Like the Titan III program, the Dyna-Soar system

shou.Ld be placed under the guidance of the Deputy to the Comnmaner for

Manned Space Flight instead of the Deputy Chief of Staff for Systems. More

important, the panel strongly recommended that the entire program be

reassigned to the Space Systems Division. General Glasser did not favor

such a radical solution but thought that a single AFSC division should be
62

made the arbiter for both the Titan III and 1-20 program.

While designating his deputy for manned space flight as a headquarters

point of contact for the Dyna-Soar program, General Schriever, on 9 May 19639

altered the structure of the 1-20 test force. He directed that the Space

System Division would nam the director for X-20 orbital flights, with the

flight control center being located at the Satellite Test Center# Sunnyvale,

California. The comnder of AFSC did emphasize# however, that the Aeronautical
63

Systems Division was responsible for the development of the 1-20. At the

end of July, General Schriever also assigned responsibility for the air-launch
64

program and pilot training to the spae division.
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Although the Air Force had undertaen eaýhW i tary, space

study in 1961, the Department of Defense still had not determined a

military, space mission for the Ala" Force. While the 1961 ,study had

essentially compared the Dyna-Soar glider with a SAINT TI Lifting body,

Secretary McNamara was also interested in the military potentialities

of the two-man, Gemini capsule of NASA. In his 23,PFebruary 1962

memorandum, the Secretary of Defense expressed interest in participating

in this program with the National Aeronautics and Space Administration
65

for the purpose of demonstrating manned rendezvous. On 18 and 19

January 19639 Secretary McNamara directed that a comparison study between

the X-20 glider and the Gemini vehicle be made which would determine the

more feasible approach to a military capability. He also asked for an
66

evaluation of the Titan III and various alternative launch vehicles*

A few days later, Gemini became even more significant to the Air Force,

for the Department of Defense completed an agreement with the National

Aeronautics and Space Administration, which permitted Air Force participation

in the program. A planning board, chaired by the Assistant Secretary of

the Air Force for Research and Development and the Associate Administrator

of NASA, was to be established for the purpose of setting the requirements

of the program. The agreement stipulated that the Department of Defense

would not only participate in the program but would also financially assist
67

in the attainment of Gemini objectives.

II III1
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At the end of January, Major General 0. J. Ritland, Deputy to the

Commander for Manned Space Flight, emphasized to the cowmanders of ASD]

and SSD, that Secretary McNamara intended to focus on the 1-20, Gemin-I

and Titan fII programs with the ultimate objective of developing a manned,

military, space system. General Ritland warned that once a decision was

made, it would be difficult for the Air Force to alter it. Consequently,

command headquarters, the space division and the aeronautical division

would have to prepare a comprehensive response to the secretaryts request.

General Ritland then gave the Space Systems Division the responsibility

for providing statements of the Air Force, manned, space mission and for
68

defining space system requirements, tests, and operations.

B the end of February 1963, AFSC headquarters had compiled a position

paper on the 1-20 program. Six alternative programs were considered:

maintain the present program, reorient to a lower budget through fiscal

year 1964, accelerate the f-ight test program, reinstate a suborbital

phase# exawnd the program further exploring technological and military

objectives, and, finally, terminate the X-20 program. The conclusion of

command headquarters was to continue the present 1-20 and Titan ZU programs.69

Early in March, General LeIM offered his thoughts on the coming review

by the Secretary of the Air Force. He firmly stated iSat continuation of

Titan MI was absolutely necessary andj wn. important, the current 1-20

program should definitely proceed. The Air Force Chief of Staff emphasized

that the Dyna.-Soar vehicle mould provide major extensions to areas of

technolog important to the developsnt of future xilitary systems ands

.1 __._.__"
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consequently, the Air Force should not consider termination of the X-20

program or delay of schedules for the approval of an alternative space

program. General LeMay insisted that the purpose of Air Force participation

in the Gemini program was limited to obtaining experience and information

concerning manned space flight. The Chief of Staff underlined that the

interest of the Air Force in the NASA program was strictly on the basis
70

of an effort in addition to the Dyna-Soar program.

After hearing presentations of the 1-20, Gemini, and Titan I=l programs

in the middle of March, Secretary McNamara reached several conclusions which

seemed to reverse his previous position on the experimental nature of the

Dyna-Soar program. He stated that the Air Force had been placing too much

emphasis on controlled re-entry when it did not have any real objectives

for orbital flight. Rather, the sequence should be the missions which

cc ld be performed in orbit, the methods to accomplish them, and only then

the mst feasible approach to re-entry. Dr. Brown, however, pointed out

that the Air Force could not detail orbital missions unless it could perform

controlled re-entry. Furthermore, the Director of Defense for Research

and Engineering, stated that the widest lateral mobility, such as possessed

by the 1-20, during landing was necessary in performing military missions.

Dr. McMillan surmised that Secretary McNamara did not favor immediate
S* 71

termination of the 1-20 program. Secretary7 cNamara did requestp however,

further comparison between Dyna-Soar and Gemini in the light of four

military missions: satellite inspection, satellte defense, reconnaissance

I I I I
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72
in space, and the orbiting of offensive weapon systems.

On 10 May 1963, a committee composed of officials from the aeronautical

and space divisions completed their response to Secretary McNamara's

direction. The cormittee was aware that the Dyna-Soar glider had sufficient

payload capacity for testing a large number of military components and that

the 1-20 demonstration of flexible re-entry would be an important result of

the flight test program. Concerning Gemini, the committee also recognized

that this program would enhance knowledge relating to maneuverability

during orbit and consequently recommended the incorporation of a series of

experiments leading to the testing of military subsystems. Farther in the

future, both vehicles could be adapted to serve as test craft for military

subsystems; however, neither could, without modification, become a fully

qualified weapon system for any of the missions specified by Secretary

McNamara. With the employment of Titan III instead of Titan II and the

incorporation of a mission module, this Gemini system could provide greater

orbital maneuverability and payload capacity than the X-20. The Dyna-Soar

vehicle, however, would provide greater flexibility during re-entry and,

unlike Gemini, could return the military subsystems to Earth for examination
73

and re-use.

General Ritland forwarded this report to Air Force headquarters a few

days later. The deputy for manned space flight recomended that the X-20

program be continued because of the contribution that a high lift-to-drag

ratio re-entry vehicle could make for possible military missions. Air

Force participation in the Gemini program, however, should be confined to

j.M
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establishing a small field office at the NASA Manned Space Center and
74

seeing that militarf experiments were part of the program.

While the Department of Defense had not made a final determination

concerning the X-20 and Gemini, General Estes cautioned the Dyna-Soar

office at the end of June that the Secretary of Defense was still studying

the military potential of both approaches. The vice cozonander stated

that the system office had to maintain a position which w 'uld permit

continuation of the program, while at the same time restricting contractor
75

actions to assure minimum liability in event of cancellation.

While the X-20 and Gemini approaches to orbital tfight were under

exmination, the Dyna-Soar office was also confronted with an adjustment

to the program because of a pending budget reduction. In November 1962,

it had been apparent that the Department of Defense was considering

restriction of fioscal year 1963 and 1964 funds to $130 million and $W25

million instead of the previously stipulated level of $1.35 million for both
76

years. Colonel Moore pointed out to AFSC headquarters that only through

aggressive efforts would $135 million be sufficient for fiscal year 1963

and any proposed reduction would be based on a lack of understanding of

the Dyna-Soar requirements. Furthermore, an increase in fiscal year 1964

funds was necessary, raising the figure to $147.652 million. Later, the

system office informed General LeMay that schedules could not be maintained

if funding were reduced and that $135 million and $45 million would be76
required for fiscal years 1963 and 1964.

During March 1963, the Z-20 office prepared four funding alternwtives,

iihich General Eaten submitted to Air Force headquarters at the e-d of the

0



month. The moat accirable approach was to maintain the program schedules

as offered in the 10 October 1962 system package program by increasing

the funding. The X-20 office estimated that $135 million was required for

fiscal year 1963, $145 million for 1964, and $114 million for 1965, which

gave a total program cost of $795 million. The second alternative was to

authorize a ceiling of $792 million, with $135 million allotted for 1963#

$1,35 million for 1964, and $120 million for 1965. This reduction could

be accomplished by deferring the mltiorbit flight date by six months.

The third option required $130 million for 1963, $135 million for 1964,

and $130 million for 1965, with a program total of $807 million. Such

a funding arrangement would delay the entire program by two months and

defer the maltiorbit flight from the fifth to the seventh ground-launch.

The least desirable approach was to delay the entire program by six -ontha,

authorizing $130 million for 1963, $125 million for 1964, and $125 million
79

for 1965. Under this alternative, the program would total $828 million.

On 12 April 1963, Air -orce headquarters accepted the third alternative.

A funding level of $130 million was established for 1963 and the system

office was directed to plan for $135 million in 1964. Headquarters stipulated

that program schedules could not be delayed by more than tw months and that
so

a new system package program had to be submitted by 20 May.

On 15 January 1963, the Dyna-Soar office had completed a tentative

package program, which included the same funding and flight schedules as

the 10 October 1962 proposal. The central difference was that the latter
81

program incorporated the "Weutward-Ho" proposal. This qystem package

program, however, was not submitted to AFPC headquarters for approval. In

aocordance with the 12 April 1)63 instruction, the X-20 office completed
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another system package program on 6 May which mas distributed to the

various program Participants for their coments. On 9 May, however,

General Schriever assigned the orbital test responsibility to the Space

Systems Division, and, consequently, AFSC headquarters again instructed
82

the Dyna-Soar office to revise the 1-20 system package program by 13 May.

In the 13 May system package program, the 1-20 office estimated that

$130 million was required for fiscal year 1963, $135 million for 1964,

$130 million for 1965, $110 million for 1966, and $73 million for 1967.

The air-launch program was to extend from March 1965 through Januar7 1966,

with the two unmanned, ground-launches occurring in January and April

1966. The first piloted flight would take place in July 1966, with the

first naltiorbit flight occurring in May 1967. The eigbth and final piloted
83

flight was to be conducted in November 1967. Brigadier General D. M. Jones,

acting commander of ASD, informed AFSC headquarters that there had been

insufficient time to incorporate the details of the new test organisation

in the program package. FUrthermore, a funding level of $130 million and

$135 million for fiscal years 1963 and 1964 could delay Dyna-Soar flights

by more than the two months anticipated in the 12 April direction of USAF
84

headquarters.

On 27 May, another system package program was completed. The eame

funding rates as the 13 May proposal were retained but the flight schedule

was revised in order to conform with firm contractor estimates. The

air-launch program was to extend from May 1965 through May 1966. The

two unmanned launches were to take place in Janua and April 1166, and

the first piloted launch was to occur in July 1966. Recognizing the



necessity for a four month interval between single and MAltiorbit flights,,

the X-20 office set August instead of May 1967 for the first maltiorbit

launch. The Dyna-Soar flight test program was to terminate in February
1968 with the eighth orbital launch8

The Secretary of the Air Force .gave his approval to this system

package program on 8 June 1963; however, the Department of Defense did

not accept the recomnded funding. On 3 July,, APSC headquarters informed

the Dyna-Soar office that attempts to secure additional funding had failed.
86

Thv funding level for fiscal year 1964 was $125 million. By September,

it was clear to the Dyna-Soar office that the consequence of this reduced

funding level wuld be to delay mLltiorbital flight from the seventh to
87

the ninth ground-launch.

While final approval by the Departmnt of Defense of the Dyna-Soar

"system package program was still pending in the middle of 1963, the

impact of the December 1961 redirection on the Dyna-Soar program was

apparent. The first Dyna-Soar developent plan of October 1957 had

definite military otjectives leading to the development of orbital

reconnaissance and boxbardmnt vehicles. In April 1959, Dr. York, then

Director of Defense for Research and Rngineering, altered these goals and

placed major emphasis on the development of a suborbital research vehicle.

In spite of intensive comparative studies with named SAINT and Gemini

vehicles, the central purpose, as established by Dr. Tork, had not changed.

While the system program directive of Decembe: 1961 and Secretary ]cNam•ats

meorandum of February 1962 elevated Dyna-Soar to an orbital vehicle, the

glider was officially described as an experinental system.
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Conceivably the redirected program could appear as a reversal of

the three-atop approach which was aimed at the development of a suborbital

"systeop an orbital .lider with interim military abilityp and an operational

weapon system. Yet, under this old development plan# the real Dyna-Soar

program had only consisted of a glider which would perform suborbital

flight. Conseqaentlys Department of Defense *anction of the now program

usrked an advancement oer the three-step approach in that orbital ad

even •ultiorbital flights of the 1-20 glider were now established objactives

of Dyna-.8oar.

I
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DDR&E Director of Defense for Research and
Engineering

Def. Defense
Dep . Deputy
Det. Detachment
Dev. Development
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Ec. Executive
Engg• Engineering
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Fig. Figure
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Gen. General
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Hist. Historical
Hqs. Headquarters
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Intel. Intelligence
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M.D. No Date
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Pros. President
Preen* Presentation
Proc. Procurement
Prods Production
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SSAF Secretary of the Air Force
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Secy, Secretary
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S.!c. Special.
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Subje Subject
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Tech. Technology
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ei



I

132 UN

Wright Air Development Center
WADC Wright Air Development Division
WADD Weekly Activity Report
WeAR Weapon
Weap. Weapon System Project Office
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