E. 0 13526, SEGTIQN 5.3(b)(3)
ISCAP' 0. 2«010 024 ~




February 27, 1959

MEMORANDUM FOR THE CHAIRMAN

By directive dated March..19, 1958, the. Committee instructed

. that a study be made of. reliability efforts in ballistic missile
‘programs. The directive was signed by Congressmen George ‘Mahon
and Richard B. nggleswcrth, Chairman and Ranking Minority
Member, respectively, of the Subcommittee on Department of

- Defense Appropriations. It was. approved by the Honorable
.Clarence :Cannon, Chairman, and by the:Honorable John Taber,
Ranking. Minority Member of the. Committee on:Appropriations.

A report on the reliability study was submitted December 22, 1958.

-PDuring the course of the above inquiry, the Staff was
instructed to review Project Vanguard. This report sets forth
the results of our study. In the preparation.of the report it
‘has been necessary to refer to, and in.a few instances quote
directly from, classified data furnished'tbvthe~Staff:by the
-Department . of Defense. The information does not, however, appear
to be particularly sensitive and it is suggested that the Depart-
ment .of Defense may be willing to declassify all of the data set -
forth. herein, if. the COmmlttee so desires.

Res ectfully submitted -
g /Q @M/

‘Robert E Rightmyer, ‘Director
."surveys and Investigations
House :Appropriations Committee
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I. . INTRODUCTION

The Committee on Appropriations Lnstruéted the Stéff,

by directive dated March 19, 1958, to ingquire into the‘

.reliability of our modern weapons. During the course .of the

study the staff was directed by letter dated October 16, 1958,

to review the Vanguard project The communlcation stated.

"It will be greatly appreciated, if you will:
request the staff making a study on weapons reliability -
.and related matters, authorized by the Directive dated
.-March. 19, 1958, to specifically look into the Vanguard
.project. It .appears that this project has been . a
relative failure compared to. other similar efforts. -
The Committee should be fully informed regarding the
pros and cons of this project from a reliable source:
outside the: Department.of Defense as early as possible
-in the. next . session." : : o

A ;epqrtfcovering all phases of the inquiry into the.

vreliability_of’weaponsAwas submittea.onuDecember_zz, l958Qg,

The present report is devoted to'Préjéct.Vanguard.

The request upon which this inquiry is based carries the
clear implication that the.Committee.is cbncerned.about the
validity}of the commonly held public belief that Project
Vanguard is;a failure. The facts developed by the: Study Staff
in its efforts to probe thé'pros and‘cons‘of tﬁeApngram do

. .

| secrEn
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_not confirm this common belief. It ls, however,.easy to

.see the reasons for such a. feeling and to understand why,
it exists.‘» |

The Vanguard program wae concerved in pre—Sputnik 1955
,in an eura of unwarranted,,but nene the 1ese real, national
cemplacency concerning the technical supremacy ef the
jUhited states. It was planned as a. eomparatlvely low-level,
economical effort and was . not. to lnterfere wethAtne\ballistlc
»misslle developments. The entlre program consisted of 15

vvehieles.: Six of these were test vehicles (TV s), three -were

.reserte
.as: vehleles having satellite launching capabrlity (SLV s)
usix test vehicles were considered the absolute mlnimum
aessential for the development program. and tnese were. to he
wfired before any attempt was. made to launch a. satelllte. 4$he
»lastnsixﬁtO:beWEabricated-were,tc:bejmedlfred.toeeorreetjany)
gweaknesees disclosed in the testing program, and itlwae'
. thought there was reasonable assurance that at least one of
“them would succeed 1n placing a emall sc;entiflc satellite in
orblt eome tlme during the Internatlonal Geophysical Year
(x6Y - July 1957 to: Decem:ber 31, 1953) - The plannlng ‘
AdocumentsIreviewed.andndiscusseone,with“scientlsts'lnter*
.vleeedLQY‘theﬂgtaff“discleseethat;at,the,time:Vanguard wee'
, Do . v o ,

;f“hackup test vehicles (TV;BU), and six were: plannedf
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. Py . .
‘initiated the general feeling ﬂnAthe~scientific,community‘éﬁs

-that gettihguohe»instrumented sate11ite-into orbitudufing;IGY

‘would represeht.a.tremeqdous accomplishment. Getting more than

uonefoutvof‘the.six,triés Qould be a{desirablé:but unexpécted
.boﬁus;v | | |
TheIVanguard launching vehicle was a new devélopment and,
as was to: be expected, encountered -technical dlfficulties which
Wcaused~slippages'in»thevoptimisticvschedules initially prepared.
Test‘vehicle.numﬁer‘4 (Tv-3) was almostAready*fcr delivery when
i;s;,-wutnikf‘l"and II were placed into orbit. <It.was‘t§ be‘the firgt
test-éftthe complete:Vanguardvrocketaand,the.firstwflightttest
.ofuthe.ﬁewlyudeveloped,seeond—stage'ﬁotor; ﬂevertheléss,:
previous.tests‘had begn_faifly successful andAp;ans had'been
.mgde.tq have :TV-3 carry a small sphefe which, if ail wentxﬁéll,
‘might have orbiting capability. Despite the fact that this was

,onlyAtherourth,test.shofkin.the.development,programfand,that

onl?vphenomenal luck would.broduce'a satellite, national attention

.;was-fécusedion§it, . An-0SD public. information officer led a

,troupé of reporters to Cape}Canaveral tovwitnéss.aﬁd report

e
&

the event.:
The . TV-3 test shot failed in. the nmst miserably

“spectacular manner possible---41t burned on the launch stand

A duplieate¢of’TV-3 was firedvsix.weeks later:but did‘not
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succeed in achieving an. erbit. TV-4. the Sixth shet in a

;series of tests,»was fired on narch 17, 1958. The rQCket

Jperformed perfectly and succeeded in placing a. small instru-

e R
C§

%mented satellite 1nto orbit.; Slnce that time four vehicles

PG PR LR R

ﬂhave been launched Nene have been completely suecessful,

valtheugh SLV—B the last one fired, very nearly placed a- fully
”instrumented Zd-pound 5atellite into orbit. ‘
The pregram was never allowed to cemplete its development

Ltest programs. Instead, it wes called upon to-produce ‘a

i

lsatellite en ite fourth test shot (the first vehicle to have

vorbiting capabilitY). and since that time each‘vanguard recket'

;fired has been expected by the public to be successful .e.,

;to prodnce an erbit.« Because thls has not been dene, the-

,program has been cendemned by the news. mediavas a failurel'lt

;has borne the burden of a hurt natiqnal pride,-— hurt because

‘Sputnik I’was in orbit before any U. S. satellite and because

ﬂSputnik II was many times larger than the Vanguard satellite.

It may be pessible, in hindsight, to decry the impotence

-ef eur 1955 national effert mn the field of space research,

"Q s

,to question the wisdem af these whe elected tolpursue Our a

s

satellit ulaunching efferts independent of ballistic missile o

R

,developments, and te criticize the failure to recognize the

importance of granting the satellite program priorities equal

HETaR

§
?
H
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to those: enjoyed by the: major mlsslle programso These crltlcisms,

howeeer, cannot falrly ‘be . the baeis upon - which to Judge ProJect
¢Vanguard;Athey,mustibe»addressed to those whe-felt.that.the
.Vanguard approachveas adequate ror,our_aationa;:neede'aadwhev

set the course aeeerdingly.'A

In its review theaStafffhae endeavored tofevaluateﬁvanguard,

wittin,the limite imposed~enrthe projeetzbyAnational policy,.as
;evxdenced by the official dec1sions referred to herein, and

3w1thout regard for the results accompllshed by other countries.

‘As will appear.rnuthenreport;rour~analy51s:dlsclosedwthat
fmrstakes were made in. the program, that some degree of mismanage-

ment . exlsted and that, ~in. at least some 1nstances, quality control

-

,was.not.as‘good.as it should have been.»«TheAfact,remaine,;hew- ?t

'ever, thattVanguardtwas brought>te‘“operatienal? stageiinw;ess
.than‘haif.the,timeurequired byeﬁoet'missile,develqpﬁentet - On
its thirdr'try“ it.placeduatsmall’sateilite~in orbit. »The
orbit. ef thle satelllte is by far the most. stable of any earth
.satelllte launched to. date (as 1t never gets closer to the earth
than 400 . mlles, it is not apprecxably affected by the. earth ‘s .
atmesphere), and it has already led to anvﬁmportantediscoyery
coneerning,the.shapegofvthe;earth. }TheﬂVanguara develqpmeet;has

‘contrlbuted -a number of advances to the state of the art, some

of . which -are. set forth later in thle report.‘ Some of the other
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.nsatelllte launchlng vehlcles have utlllzed prlnc1ples proven
_through the Vanguard pregram. It is anticipated that further -
‘TOON. prebe shots and attempts te 1aunch heavier satellites.will
1employ Vanguard-proven components.

In the overall appraisal and without endorsrng the |

,selection ef Vanguard as a- launching vehlcle or the level of

;effort that was applled, it must be concluded that thoee responsible.
‘for im@lementing the pregram withmn the ground rules eetabliehed

have. done a. .commendable Job.

, The three military serviees for several years prior te

.1955 had been cenducting upper axr research programs of
uvarYJng magnltude.. There was, however, no- real maJor effert '
,1n any of the m;litary departments and there was. little -
tcoordination or direction at: the 0SD. level of the limited
‘programe helng pursued | W
Late in l954 the internatlonal ec1ent1f1c cemm;ttee that

- was plannlng for the: Internatienal Geophy51cal Year (IGY)

' ,discussed satelllte vehlcles as.a possible means of obtaannng

,sc;entific 1nformation about the upper atmosphere. The

;eommittee recommended that the groups preparlng 1nd1vidual
national programs in eupport ef the Internatienal Geephysmcal
~Year. consxder the launching of small satelllte vehlcles fer

4 e.sc1entific purpeses durlng the perled of the 16Y, July 1957
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~through December,1958. The Uhited States National CQmmlttee

7ffor 16Y, establ;shed under the auspices of the National

Academy of Sciences, formed -a group to study the feasmblllty
of including an earth satellite activity in the Uhited-states
program for the IGY.

,Thefimpetus provided;by,the;suggestionuof,an IGY satellite

‘aroused increased intereef»On the part of the military services

in developing. "space” programs. In March 1955 the Assistant

TSecretary‘of.theeNavy‘for Alr sought approval of a érogram

which included plans for placingkaxsimple,‘uninstrumehted‘

satellite in orbit in two or three years. The;p#ogrem, known

‘as Project Orbiter, was a joint one with Army Ordnance and was

based on the use of the Redstone booster. and Loki.rockets.
Consideration of this request called attention to the fact
that the‘three military departments were,taking:un;laterel;

actions on. space prograns, and on March-zs, 1955,vthe‘

5Secretary of Defense issued a. memorandum dlrecting the
rAssistantASecretary of Defense:(ASD), Research and Development:-
,(R&D), to. coordinate all research and develoPment plans for

-earth satellltes, and 1nstruct1ng the three military departments

not to commit further funds for such projects without prior

approval of . the ASD (R&D).
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In April 1955 the -ASD . (R&D) : dire'cted his ceordinatjiné‘}‘-ﬁ- .

cmunut:tee on. general sciences to review the plans and programs
of the ‘three . departments and to submit- recommendatmns for |
_‘aetlon. 'I'he.coordinating conmu.ttee, which wasco:nposed of :
"representatwes of the mllitary departments, recomended that
the. satellite program be conducted on a.- three-ser\rn.ce basis |

| With three separate .approaches:

1. ‘A joint-Army-Navy project utilizing the Redstone
booster ‘and Lok;L rockets --*Pro.]ect Orbiter. ‘

2, A Navy, proposal using Vlking as the. flrst stage of a
three—stage rocket.

3. An.Air Force proposal using the:Atlas engine . as -
. boogter. and the Aerobee-Hi as the' second and f:mal

8tage.

Whiléj;thesev px:op‘osals.' were under »consideration,; the
;Presiéent" directed tﬁhe-Secr‘etary;of Defense’ to deve_lcp :the
“apability of launching a small satellite during the IGY.
T'hel.'eafter.th.e:?aiasn (R&D) convened- a,-qroup of:civilian
“°°nsu1tants to. advise regardlng the selection of a. speczfic |
- technical program. The group‘ was ‘identified-.as the: ‘“Advisory
~Sroyp. on- Special Ca,pa.‘bllitles {alse referred te as thé'
'Advisory Group and the Stewart Comm:r.ttee), and censxsted .of
'elght members, two recoxmnended by each .of the. mlitary depart-
Ments and two selected by the ASD (R&D) . {I‘he'vae-tevinstrncted .

’*?Q review the. various satelllte.plans and programs and . to
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:recommend an equlpment program by Angust l,‘lQSS, includmng
.suggestiens with regard to the. governmental and. lndustrial
organlzatlons where the different phases of the program. mlght
best. be . caxrled out and a- consmderation of the 1mpact of the
.reeommended program on weapon.development.prOJects.‘

The group- submltted 1ts report on: August 4 1955.‘.It
trecommended the development of a scientific satelllte vehlcle
Cin two phaseso ,(l)jﬁn lmmedxate,program~designed fortmaxlpum:;

assuraneegof.placingkat‘least:a.smallpts--to lcepeunali
setellite:ln orblt during<l958,<and (2)‘e.program“te lauhch

a vehicle capable of carrying a satellite of significantly

. larger payload (up to 2,000. pounds) or of. achleving a
;significantly,higher.orbit~at«some,futuretdate. Other findings : !%
included: ‘ | ' : L N I

1. There is a reasonable assurance the U. S. can have |8
.the capability to put up a: small scientific’ R o
usatelllte during. 1958 : o I

2. Use of current. milltary programs to accomplish the ' b
_ objective within the IGY period will run some risk of |
',;interference with. such military programs *** but if - 2

properly carrled ‘out . can. result ln long-term benefits :
_to the military programs.l" ~ o o : .

3. The group unanimously favored use of the ICBM cktlas) - W
‘motor if. (a) the ICBM program would be'on schedule; = i

_ (b) the satellite effort would.not interfere with'the - ‘[
ICBM, and {c) only a- ‘single. satelllte program could be . -
Japproved
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4. The. group declined to resolve the:"ifs" (in 3) and -
‘pPresented two alternatives: {(a):Use of the Navy
proposal based on an improved Viking rocket with two
additional stages (this proposal was favored by five
of . the seven members participating), and (b) use.of the
Army proposal based on the Redstone missile with three

-additional stages (this proposal was.: favored by two
members of the group) :

The cOmmltt¢e<conslderedkprOposals of:theuArmy/~Navy.‘and
--Air;Ferce against.the Primary question: “What~program will be

.most certaln of . placxng the most . useful satellite vehlcle on .

~an. orblt of at least 150 to 200 statute ﬁlles perlgee,(mlnlmum
a;ti;uﬁe) within the IGY and with minimum interference to
priﬁritytmilitary.programs“? .
}The.majority':eached,the;conclusiqﬁ,th;t_the‘Navyfs:Viking
proppsal was supe;ior'to the Redstone préposal, principaily
_ because: |

1. The. Vlking booster. offered better performance and more
- reserve margin. : :

2. 'Viking_required only two additional stages, whereas
Redstone required‘three or four.

3. The Viking's first-stagé.engine‘could be made available
~ without interference from or with weapon projects. :

4. One agency, Naval'Reseaxcthaboratary,,had:extensive
experience with .the Viking, with: the second stage,
and with. upper-atmosphere research.equipment. ‘

S.J.VikingAappeared to;require.less'logisti¢al[sﬁppertf

6. The-associated Aerobee-Hi. development-would probably
. be . used in more advanced satellite programs.

- 10 -

1§E§H¥F.‘

- —————————


http:expe�riencewi.th
http:propos.al

£

‘f7;.

.-Improved Vlkzng components might .eventually be : used e
- .d@s‘a-second stage with a ICBM booster to achieve still
' Ngreater performancea ' .

aThe fact ‘that Viking: Project had ‘been . declass;fled was.
_‘thought ‘to simplify the’"handling of security" problems ’
and to’ .increase the. amount of technical data that
.might be released. ' ; : :

The manor;ty (two members) gave. five reasons why they

favored the Redstone, but the summary sald.

funffreseen_develo ment difflcultles "

’WIn a. memorandum dlrected to the. Chalrman of the Advisory

Group under date of August 15 1955, the Asslstant Chlef of

Army Ordnance said the report of the Group contained some

v 1_,

,errors of : fact, and some . errors. of. reasonzng about what can
~.and cannot. be done on-a. ngen time scale. He also Sald there .
.were some factors not consadered by the Advisory: Group and,

4-among other things, pointed out that.

'The substitution of the 135. thousand—pound North

ﬂAmerlcan raocket: engine ‘for the -current.75.- thousand-
‘pound. ‘engiine 'in.the: Redstone missile:is-a- less i
..complicated operation than the. design.of a_ riew
Viking missile *** There is greater- assurance' the
.. Redstone with 135, GOG-pound motor will be- avallable
1with1n ‘a 2-year period. Actually the first: ‘orbital
tflight ‘of -this improved. Redstone motor ¢an ‘take - place
-+ in-August 1957 *** Using 3~ scaled Sergeant high. speedl
¢stages, a payload ‘0f 162 pounds can.be placed in. an
-orbit . with-a perzgee ‘of 216 miles. .Paylaad €an: be
«traded for excess velocity. :There is: sufficient-
-excess: velocxty to place ‘a. 100~pound payload on the “
«moon . R .

- ll -
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“The . development .problems confronting the Viking

. development:make it'.obvious that the probability of

.. success Wlthln the IGY is low. -This conclusion:is

. reinforced by looking at the develdpment: times of
‘major missilé. programs already completed. Such

' .programs are rarely completed -on the oridinally

. predicted dates and require five years at the. minimum
,and usually ‘run. . for approxlmately 8 years. - :

“Ihe 1mproved Redstone 75.thousand~pound performance-
permits improved payloads at orbitable altitudes. The
following table was computed with 900 f;/sec excess

~veloc1ty and with existlng propellants.

Perlgee Altltude Payload
‘ {pounds)
30Q 6

216 : ; 18

The first orbital flight for this~configurationmcan

_..be- scheduled for January 1957 if an immediate approval
. is granted.  Since. this is the date by which the: USSR
.may well be ready to launch, U. S. prestige .dictates
:that every effort should be made. to launch the first

8. satellite at that time. -Although this time. scale
is dependent oh Sergeant.or- ‘Loki clusters, the '

.engineering feasibility has been approved by four
,;competent agencxes. )

tE

- "The satellite missile does not interfere with the
..Redstone missile program because the program-is in’

process of being turned over to the Chrysler

.Corporation and because the designers and planners are
-completing their work with’ the Redstone missile. A
_neW'program .is therefore necessary for. adequate
utilization of the talent .available. If a new and
challenging project is not soon placed at Redstone

.. Arsenal, the loss. of key personnel will jeopardize the

'successful completion.of the:Redstone missile project.
. Therefore the scientific: Satellite program.will '
..strengthen rather than weaken the Redstone . mlSSlle

progect. -




! g B . N i i - . 1o
- .

5. :"In view of the fact that Army ©@rdnance .can provide .
';heavier orbital payloads with shorter time scales and
‘with . greater ‘assurance of: ‘suceess, - and. that the Naval
‘Research Laboratory is . already heavily -committed to
. the: Aerobee-Hi devélopment: for the IGY, it i§ - -obVious
~that. the Naval Research Laboratories will be- ‘better
-employéd instrumenting properly the large: payloads‘~
(l@@'pounds or. more) which can. be made" available "

Based on . this memorandum, the Advisory Group held further
sessions and both. the - Redstone sponsors and the Navy Viking
. group maderp.resentations° The minutes of the AdVisory Group

state. that they. found no reason to reverse their preViously

Hexpressed.views~favoring theaNavy proposal

FollOWing receipt of the AdVisory Group '8 - report,uthe

~ASD (R&D} referred the report to his policy council for advice

.on inter—serVice cooperation and conSideration of the

possibility that the scientific satellite program might
interfere: with the weapons program.

After extenSive deliberation, the policy council (Army

members did. not agree) recommended the selection of the Navy
wproposal for a. three-stage launching vehicle based on the

iViking,and'Aerobee~Hi,rockets.r o ' '

It. appears that the : Air Force proposals for launching

ﬂvehicles based on: ICBM motors were rejected because of possible.

Ainterference with the weapon development program.« The decisiont'

to use. the Navy—proposed Viking approach instead of the Army—

-Redstone ‘was based primarily on the technical recommendations

- 13 -
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of the;Advisornyroup on. Special Capabilities, as
- previously set forth. |
on- September 9, 1955, the Deputy Secretary of Defense

E;. ‘(ReubenSRobertson),Abygdirective to-the"Secretaries of the

AT

‘military departments, promulgated the ground rules for. the

78 .satellite project. .The title of .the directive is "Technical

Program for National Security Council 5520". The.directive
-statesrthat-Natioﬁal‘Securitngouncil Report 5520 prévi&es
*for a program to. launch a scientlflc satellite durlng the
aperrod of the IGY. The staff has been unable to obtain . aecees
to NSC 5520 but has- been advised by a representative .of. the
~=Secretary of Defense that important prov131ons were:

L. The satellite program.was not to 1nterfere with
.weapon developments.

.2, The objective was to put one. satellite in. orblt ~during
the IGY.

-The . directlve referred to. above gave the- Department of the Navy f,iﬁ
A,management responsibllrty for the . technlcal aspects of the
program, and provided for cooperation by the Army and the

'ﬁALr Force in the . satelllte pro;ect whlch became known as

'Project Vanguard or simply Vanguard.
-As.noted,~the_Army,members,efo&D;Policy;CQuncil did not Habgﬁ

-agree with the decisidn to puraue-the seteilite program through ;

development .of the Navy proposal. On two separate occasions




durxng 1956 the Army formally sought appreval for a. satell;te

1aunch1ng attempt ‘based on.its missile develepments. ‘in.April
,it:informeduthe%AdvisorYJGreup,on~special.¢apabilities;thaetan,
Armfasatellite-program'weuld«permit1thevfiringnoflarqupiter
m;Januar}é', 1957 in an.effort to orbit a small ,bedy.- T’he

effort would require six vehicles, $18 million,;anépdelayfthe
IRBMW(Jupiter) program‘appreximately six_monthe. \This:reﬁuest
‘was rejected and the Army was . specxflcally 1nstructed not . to -
use. any. part of the Jupiter .or- Redstone programs fer SClentlflC
wsatell:.tes.

Following the. successful Jupiter: firing in September 1956
‘the&Secretary,of“the Army‘recommended to:the-Secretary of
Defense that a. sxx—vehicle pregram based on.. Redstone .be. approved
.as a backup to the Vanguard . pProgram. It,was decided not.to -
prov1de a- backup fer Vanguard because . that program, on review,
vshowed promlse of meetxng 1ts IGY. objectlve.

Again, in March 195?, the Army proposal was. cons;dered and
mreJected thls time by ‘the Special Assistant for Guided M;ssiles.
(Dr. Egerfuurphree). Ia.a memorandumtfor,the:Secretary of
#Defense dated March 21, 1957,fnr;~Murphreevsaidﬂthat'if )

.Vanguard was . to accomplish its mlssien a- large ameunt of werk
- would have to be successfully COmpleted in a. relatlvely short
'time. He pointed out it was not. unllkely that real dlfficulties

...15___‘
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might:bevexperienced whi¢h-wcu1é;cause é~very,real delay in
the‘program:;in,thié evént‘itvmight beAdesirablé.to-turn.to
(.éhg 3rmy-typevsatellite;.threevstages of which had already

“been successfully launched. . He called attention to.the. fact

‘that the ArmijaliisticJMissile.Agenci;(ABMA) claimed it could

~launCh~a.satell;te‘onAfour.monthsf‘notice; and. recommended
that the Vanguard _progr‘am ‘be reviewed again ’aboﬁt the end of
~195?«t0~see ifié;backup to the program by ABMA was deSirable
‘at that.time. o |

A‘réviéw in.aQGOrdance~with thé.above recommendation was
nevervhade;»;SPuthikQI.was placed in orbit on:Octocber 4, 1957.
‘«Sputnik:IIEwas«placed in. orbit onLNQvember 3, ;957. On
: Nbvembér?8,~1957, the. Secretary of Deiense.directgd the
ADepartmentfof theiArmy_té(praceeduwith préparations for
‘launchingwa:sciehtific-sétellitebe use of a modified
Jupitér-Cuwhich;had begn‘developed.in connection with«the
,nose:coné.re-éntfy‘problem. The. vehicle Qas‘lauhched»oh
January 31, 1958, and succéeded.in~Placing in»o£bitAa
saﬁel;itQGQeighing almqst'BlAPOunds; AThis'cdnsisted»of-a
;ﬁurned-out final stage-wéighing’abéut;lB péunds.and a
satellite.propérfweighingsabqut»lsquunds.

. The. first stage of the.Jupiter~C rocket was powered by the

Redstone ‘ballistic missile engine, which had been under. develop-

- 16 -
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-ment forumany years. The particular unlt employed had

;undergone successful static-test firlng and had been in

-storage at: Redstone Arsenal since November 1956. The upper

etages were. SOlld propellant units designed speciflcally for

'.theﬁre~entry,test,veh1ele, -As of:FebruaryﬂlS, 1958, this
satellite was in .orbit and was produeing,deta of sgcientific

.value.

| IIX. HISTORY OF PROJECT VANGUARD
'Vangﬁard, a.part of. the U. 8. 5c1entlf1c Satelllte
| ;Program of the IGY effort, comes under the pollcy jurisdlction
,forgsclenttflc,mattersAofuthe~Natlenal;Academy:of 8c1ences
(NAS - a qeaeiegovernmental:orgenieation)eand its sub-
organizetions -icommittees‘—-for<the?IGY.,vTheANetiona;
~5cience.reundatien,(NSF --agqbyernmeﬁt.agencyidhas acted as
: ageht-for]NA§;in,fqrmal relatienshiée:with‘otheriGeeetnmentel
agencies. WQverallimanagementvoftthe broject:wae;.hQWevet,
,centered;id‘theaneﬁertment~ofxpe£ense;(pob)funtilioetoberwlé;1958,
- when it:was traﬁeferred to‘thetﬁetionalrAeronautics.apdwspace
Agency;(ggéh). | | |
.As previously noted,,the‘SecretarfioffDefenee,~on

wSeptember;S,,1955,,gaveithe Department.of.the Navy management

ﬂresponsiblllty for the - Vanguard.' Wlthln the: Navy Department

this. responsmblllty was delegated through the- Chlef of Naval
-17. -



http:vehic.le.As

e e o e A S S 50 5 £ S I PRGN a.;..emA - S Wege LT

;Research to the . Dlrector of the Naval Research Laboratory

_:(NRL). who gave technical xesponsiblllty and project. authorzty
to the~Director,.ProjecttVanguard.(Dr..John Hagen). Actual
-cohtfacting,aughority,was;retainedfby.thexoffiCe»Ofoaval
';Research;~pafent»organizatiQn.of NRL;
 Thé:Glehn‘L.;Maxtinﬂébmpany,,Bal;imore,.hadvbeenthe.prime
_.ontractor for the ;V‘,iking‘ rocket and oh.v.yseptembgr 23, 1955, L)
aiconﬁﬁgct.was eﬁtered inté with,thétqpompany for the Vanguard |
1aunching,vehiclef The.contract?carr;ed,Qith it responsibility
fo:.developméntvofnthe,Vehiéle,includingAdesign, conétruction;'
:teséing‘and preparation for fliéhﬁ.. 1tuprovide§.forfaks-vehicle
_fligﬁt;tes;,program«for.whiéh.nine test vehicles (TV'SSAwereﬂto«
- be fabricated,.and,for six vehicles having_satelliteilaunching
,capability;(SLV's),ot a total of 15 vehicles. AThere was,
however, nblcontraétual prévisionwrequiring that a.satellite

.--actuallyjbe placed into orbit. The principal subcontracts'

entered into~byAthe Martin.COmpany“ﬁere:

;General Electric Company ~ Development of the first- 4
-stagé .engine .- October 1, ;
' -1955
-Aerojet- General Carporatlon -~ ‘Development. of . the
.second-stage .engine, -
‘November. 14, 1955
»Grand Central Rocket Company - Development of the
third-stage. motor -
- February, 1356
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~ the very outset. .. Dellvery and launch schedules. developed in
,‘ewarded)Awere-overly“optimistic. ,They;had to. be revised.in
vreflected in. the November 1955 schedule would be requlred to
‘ meet,the.specificathnsvon.weight;and performance.r.There”was
wdetermining.the.final.specificatiens and in coordinating the
‘winter. of 1956 the,project:ranninto.seribusfdevelopment
',COrperation's,second-stage:engine.and>tank,fabricati9n ,
.difficulties required new approaches, and the third stage
‘was over-weight 'and required additional: development to meet

Aperformancenspeeifications.'~Itiwas‘suspectedmthat:the

‘structural design of the.vehicle was inadequate.to“withstand

) ) . . . . . . y - E : - RERIEIN TR e -
§ | | 3 . ! R N 3 o e ey
r " ) : N

(A parallel program .for development of a third-stage
.engine .was entered. into with. the Allegany Ballistics ‘
.Laboratory of the. Department by the Navy directly in

- April 1956. This developmént has been.continued -
independent of Vanguard. However, it i1s planned to use
-this motor:on the final Vanguard in an effort to. orbit a’
-greater payload than would otherwise be possible.)

The :Vanguard was plagued with a-number»of‘difficulties'from
November 1955 (two months after the prime. contract had. been

MarehllQSS.{see~table-I,‘page 26, after‘Geﬁeral.ElectriC~and

Aerojet General Corporation had advised that more - tlme than. was

also.minor interference with.the;programaqaused by,delay,in”
work'ofgtherseveral-Sub-cqnﬁractors. <Inxthe:laterfall‘and_

prebleme. The General*Eiectric-Company‘s'first-stage,engine

performance .was below specificatiohs. The -Aerojet General

- 19 -
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'«the,vipration.loadsf ‘As a’ consequence,. design and production
"wére:stopped‘completely_for:about.one'month untilvthisfproblem
‘was ‘resolved.

- It:was obvioué at this time that delivery of vehicles
'.WBuld¥be-about:six mon£hsAbehind thévinitially élannéd aates
and‘the.lauﬁéhing,SChedule‘was~againurevised\inufébruaryH1957.
(See tab1é~I, page 26) |

' 1By‘éarly“Spring,of~1957 most:Qfdthefserioué problems which
~..had develoﬁedlappeared to‘haveﬁbeehféolved or somewhat alleviated,
but thisxhadznot,yet-been proven~through~actﬁai,flightvtéstiné.v>‘
The secothStage.ehgine appeared to<be:theﬂmost difficult
lprobiem; ihereuwés gradual e;os;on:{not~burn-§hrou§h),of_the
.aluminum?cOﬁbuétionuchamﬁer which decreased the veloecity
_increment:availablevfrom thé»second_Stagé;-,This_problem'was
not‘solved'until.0ctoberv1957‘and‘there,was‘ano&herrevis;on‘cf
~ theflaunéhnschédule. At.this.time«planned launchiné,dates
were.running eight to nine months;behind;thevoriginél,schedule.'
.(Seefiéble-;,lpage 26) | | | -

By October 4;-l957x(the;date:SPutﬁik.Iuwas launched into
;orbit),,the‘Vanguaid‘Program was two:years old 4—'th$t‘is
two years had passed'from the day theJNavy:was instructed_to
prdceed»with.theidevelopmént of a satelLite launching vehicle.

.Development work was considered to be. about 90 per cent

=20 -
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.complete. .Two pxelimmnary test shots (TV-O and TV-1) . had been

.flred, hawever, ‘the booster. for both of these shots was the
'~Vikingﬁrecket:and.nelthe:»ofuthem:had.ca:r;eduaﬂsecond-s;age
engine., .TV-2 was on the .launch pad at.Cape . Canaveral
_preparatory. to being Launched as‘the‘first;flight.test<of-the
newly developed GE engine. .It was also to. be. the first;flight
.test of the actual Vanguard configuration, but with dummy second
and third stages. Test vehicles 3 and 4f‘.had,.notﬁbeen.delivered..‘
V.They were . '8till .at.the Martin plant . at. Baltimore and had not
been accepted by the Navy. Manufacturlngﬂof.the final test
veh1cle.(TV~5).hadvbeenmcompleted. TheAsatellitellaunching
.vehlcles were 'in. varleus stages of the manufacturing cycle,
but none of . them had .been. completeé.
;A'Whitezﬂquse Press.Release.issuedvoctdberpQ,‘1957.fis
quoted inmparigas.follews:
:®4. In May of 1957, those charged with the .United
‘States 'satellite. program determined that sma;l.satellite
-spheres. would be launched as test:vehicles during. 1957
. to .¢heck . the rocketry, instrumentation, and ground
stations and that the first fully instrumented satellite
.vehicle would be launched in March of 1958. . The. first

.of 'these. test vehicles:. 15~planned to be" launched in
- December. of this year. . .

* -k * & % *

"I .consider .our country's satellite program well
de31gned -and properly scheduled to.achieve the
scientific -purposes : for which it was initiated. We are;

therefore, earrying the pregram forward in keeping with
.our.. arrangements with the international 301ent1f1c community,”
-] - .
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These statements were taken. as “commanas“ by ‘those ' ]

.responsgible for. the program. that the October 1957 launch Sl .

~achedule wag. to be  adhered to. and that there was te be no I
further slippage 1n.the.program,.vThe:Natlon S news

media appear to have igndred -the fa@:t that the statement ‘ '
-speaks only ofi“1aunching,satellite,spherés“ ——-1it does .not

,say.thedréckets'will'be;suécessful in placing.the-“satell;ta
fspherés“ ;nto.érbit.- ‘, | _ ' ' ' \ i,
MPlaHQEdvlaundhingﬂdaﬁes set.fcrthfonﬁthe!actoberal957i-
, scheduleAwere‘a;léwed to slip jnst(one:mbnthvas;LS"shown . "l.
inftablé I, pageazs. Tv—zuwas léﬁnchedrectober 23, :1957;‘ i
V-3 December 6, 1957; and TV-4 on February 5, 1958. There-

vafter there was one launchlng each month through June 1958

-l A

',;whenasgvsz,was launched. - Frqm,Deﬁember.6,-195?,,to‘Jun6126,

1958, six vehicles}having,satélliteucapabilitijere:launched.

<M A

geﬁly_one;-TV~4;launched MarchH17, 1958, was ‘successful in.
placing_a;sateiiiée into orbit; -Table II, pagé‘27;ﬂgives
.so@eAdataAconcerning.each»of thé*shgts fired, ipéludinéxa
brief;statement.af~the causefér-;auses of,fai;ure,A | |
| Followingkthé failure of SLV-2.on. June 26? 1958,,£he
<~Diréctoerf theaAdvanced<ReéearchtProjectsAgency;(ARPA),Aa
unlt of DOD which in May 1958 had been given respensibility

. for all satellite and other outer-space programs, ordered

-22 -
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.further launching attempts suspended. .He instructe= ;“ﬁ i

. | - . . . : thev_speﬂ.ﬁc
group to look into "all aspects .of the Vanguard. foxr—

: , : e project
purpose of recommending the .best future course  for. ‘“g he ¥
‘ ' , : , ' ientiflt
from the standpoint .of the national prestige and .of sct
.accomplishment."®
: . : . : n
‘The principal conclusions. of .the group as set - = 9‘,""‘”
its report -dated July 18, 1958 are:
l. Overall desi‘gnu,andoperati-ons‘ are ':bel.ievéd »tcw?‘ﬁuf ‘ t
~sound.’  All three engine systems have 'per.fa.:l:me, N [z
-both -separately and together. R ¥
S o N oerations 1]
2. .There: appear to be.no major problem areas i I¥ -opers
‘or "in -overall management. N d
3. The costs involved in ‘either completing or ";a;‘;cellm?
. the. program:are comparable. o -

- there i

4, - Study of ‘the ‘failure history indicates; tha
y we_'sucgeﬁ'

now ‘about.an .even chance -of gettirig.one oxr T .
‘ful flights out of the remaining five Vangua¥ds:
(staff comment.- It -is -believed that .the: inab;l,i K
‘to determine the reliability with any degree ©f
. accuracy accounts: for,-.:thi‘s.indefinite,ccnalu's‘lon' !
_the reliability is about 15 per cént, the .chancs ¥
_about 50-50 of getting .one orbit out of. five- LT
if ‘the reliability is 30 to 35 per cent the ch3
are. about 50-50 of getting two out.of five t¥ ies:
ationof
=< and the
hs if

5. rmére.is’ no longer. any,r‘e,quiremeni: for comp
Vanguard launchings.prior to the .end of 1958/
‘launching schedule :can be :.relaxed several mont

- .reliability might thereby be improved. ‘
‘ . During the .course of its' review. thev technical grO‘?P
interviewed Dr..R. -W. Porter, Chairman. of the Earth .;satellite

‘Panel of the U. S. National Committee for the IGY, .on

- 23 -



http:five,:tr.ie
http:conQ~uS.1.0n

- RESREE

July 2, 1958. -Dr. Porter. informed them that the feeling in the

scientific .community with regard‘to_aceompiishment‘and prestige
was that.two,successfulufl;ghtsgfrom'tﬁe thenuremaiﬁing;five
Vanguard.vehiclés.would proviééxvery significant:data.and;would
regain.a considerable portion:of,the‘Nationfs presﬁigef,that
qge.suécessful*flight~wouid‘be~w0rthvwhile:;ana that:i;éwas.
-é;treme;y desirable to accomplish one o;;two su§cessfu1
Vanguard £lights before April 1, 1959.

pPr. Porter ;also ad&iSed at that time that. the remaining
;scientific:satelliteapackaées intended for "Vanguard could be
.repackaged fgr.use‘oniotherflaundhing,vehicles bﬁt.that,such~

-a. procedure .would involve delay and extra cost.

.'Following. submission of this report and in accordance with

.a;recemmendation»madésbyfthe*group,#a-captivefflight'test;was
,maae-ofxthe;eompleteusecond stage. »Iﬁ.performed_well;andwon
v~Séptemberf26,v1958 -8SLV-3 was 1aunched. It-missed.placing a

.20-pound satellite. lnto orbit. by the. narrowest of margins.

' On October 1 1958, the President transferred responsibility

“for. Project Vanguard to the. newly created National Aeronautics
. and’ Space‘Administration (NASA). ,Theulaunching‘programuwas

'again<suspendedland the Administrator of NASA appointed another

._group to study the Vanguard and .other satellite: and lunar-probe ,

launching vehicles. . This group.. as of February 15, 1959, had

- 24 -
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not. submitted its report. However, staff representatives have

.interviewed. the Assistant Administrator of NASA and the Chairman

. of the study group. It appears that the group will recommend

no.major ‘changes in the.Vanguard program, and.it is anticipated

the remaining wvehicles will.be,laun¢hedlon,theAdatesvshownﬂhelow:

SLV-4 February 17, 1959

. 8LV-5 March 13, 1959

. SLV-6 April 10, 1959

:Py-4BY - .June 2, 1959

Some information on the estimated probabilities of placing

. one or more. satellites into orbit.with the fcﬁrfremaining'

¢Vanguard~launéhing vehicles is set forth in the section-of

vthis~report;devoted to reliability.

A R A RO
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V-0 - 12/8/56

- TV-l - 5/1/57

- TV=-2

" TV-2 - BU

V-3 - 12/6/57

o Tv=3 Baf'kup
2/5/58

”(TV ~~Test.?ehicle,Series)

10/23/57

:Test:ofwrange‘£acilities,;telemétering, and

range . instrumentation by use .of Viking.Rocket

‘No. 13. ©No Vanguard components involved.

Successful.‘

Test of Vanguard.fhird stage for separation,
spin-up,. ignition, propulsion. “Test of

Vanguard control system. Viking No. 14 -used.
-as first stage. . Extensive telemetering

carried. Complete success. No orbit

- capability.

(Sputnik .~ 1Q/4/57)

. Test of .new Vanguard, first stage,. Vanguard

control system, vehicle structure. -Second

~and third stages inactive. . COmplete success.

No orbit capability.

Backup. Not needed because. of TV~2 success.
Has been.cannibalized - shell on display. at

»Smithsonian-lnstitute.

fFlrst test of complete. vehicle, complete
_control system. (First flight test.of- second
stage.) Pirst stage failed, at lift off.

Remainder had no opportunlty to function.
First vehicle to have. orbit cggabil;tg.

’Failure.

_Repeat of Test TV-3. .This again. represents
first test of second stage . and -complete
.control system.. First stage propulsion.
.worked. . Control system malfunction broke

up rocket at 60 seconds. No test of second

.or third stage. (Had orbit . capabllltg !

~ Failure.

- 27 -




V-4 - 3/17/58

vTV-4 Backup

T™v-5. .~ 4/28/58

SLv-1 ~--5/27/58

SLV-2 - 6/28/58

SLV-3 - 9/26/58

SBEREE- | : ' ‘llla

. Same objective as TV-3. First test of second
.stage. Defects discovered in previous tests

corrected. .. Successfully put 3.25-pound . test

'satellite .into”arbit. First stage above
normal, second stage a little below normal.

Third stage hormal.. Complete:Success. -
(Note: . This is within IGY.) =~ - = =

_Not- ueed. Converted to launch vehicle. for
use later in program. S

-Last - of 'series. of test vehicles. .Complete
.system with regular IGY scientific satellite.

(Had orbiting capability.) First:.and second

. stages worked. Contrel system sequence

failed. Third stage .-not. activated. No orbit.
(SLV - Satelllte :Launching: Vehicle Seriés)

Start.of~"Launch%ng" Ser;es. ‘Faulty second
stage burn-out threw rocket off course beyond

~capability of .control system to .correct.
First and third stages and satellite functioned

Pr0perly.“ Twenty—mlnute flight to. 1850.miles
in space. No orblt )

Second;stage.cut.off prematurely to

.terminate: dequence. - Low thrust due to
‘clogged filters in. oxidizer feed system.

No orblt.

" Second stage thrust too small because.of. clogged
filter in fuel feed systeém. All remainder
.worked. Final velocity. -slightly too small.
(1 percent) to maintain orbit. No orbit.
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Planned test‘vehicles-{TV'si in program
_Planned satellite vehicles (SLV's) 'in program

Test vehicles launched
'Satellite vehicles launched

- 8LV-4 © February 17
SLV-5 - March 13
SLV-6 April 10
TV-4BU. ' ‘June 2

‘To be.launched

| SUMMARY - February 1, 1959

Total vehicles in program

~ - = .
E e Fpe

Total launched

Vehicle Launching Schedule - February 1, 1959

TV-2. Backup not scheduled for launching
: '  Total

1|
o =
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In.response to the request in thévdirectiﬁe.for.infqymation
-about:theupros,and cons of Project Vanguard, the Staffjhas o
‘tattempted to dlgest in brief form the 1mportant accomplishments-*

of the. progect (Pros). and the lmportant factors adversely
affecting it (Cons). 1In.any project-of~censiderable.magnitude,
it is not. d;fflcult on . an. ex-post facta review to single out

. mistakes. .This‘is particularly true of,agdevelopment program
like the Vanguard where,'because it is pushing the state of. the
-art, there:areano»establlshed sign posts pointing the way. In
.an effortatowbenas'ohjective.as possibie; the Staff has
attempted to avoid reporting obvious but. unavoxdable or
1nsmgn1f1cant human errors, and has tried to report as

- "eons™ Oﬁly»those actions and deciéions thchqappeared to have
had a majer.impatt.onwthe program. |
A: _"Pros” |

..As has been pointed out, thelstaffistudy greup‘is.ﬁirmly

‘conVaned ‘that the Vanguard project is not a failure if. the

rulebook used in. creatlng it is also used in passing Judgment
. On it ° o . . - 4 . t‘

. Pwo objectives were.established f@r it

1. To place an instrumented satelllte in an orbit. around
the earth.

- 30 -
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2. vTo-prove~that.the'satelliteaislin4orbit,and to
- furnish orbit information for scientific purposes.

.The,rulebook.used in eetablishing‘vanguard.Said it.could ‘ |
| have 15 vehlcles w;th which to accompllsh objectlve No.ll and |
that, if necessary,llt eould have untll December 3l 1958, to
prove it had done so. |
0n~March.l7, 1958 Vanguard launched an 1nstruﬁented
satelllte welghlng 3.25 pounds into-an. orblt whose .minimum
perlgee of. 400 mlles glves an estlmated erbital life. of 200 %
years. Thls satelllte is. much smaller than the one 1t was - g
hoped would be 1aunched 1nto orblt by Vanguard. .Thereaare; {
however, four vehlcles.remalnlng 1nwthe program and there.is
-estlmated to be a. 50—50 chance that at least one of - them will
launch the Zo—pound satelllte 1nto orbit. | |
The Natienal Scxence FOundatlon furnlshed the Staff a
series of reports settlng forth detalled lnformatlon on. the
.- 5 Scientific. data whidhhave‘been obtalned'from the- Vanguard and
other»eatellites. .The ?bundatlon«also called‘attentionuto
the fact that the over-all sc1ent1flc program developed for
.use. with the Vanguard launching system has made poss;ble the
total pregram of . space vehicle sc1entlf1c 1nstrumentatlon,
observatlen, and data reductlon carrled outvunder IGY auaplces;
-Many other sources outs:.devthe Dop have glven assurance that the

1nformatlon,ebtalned through‘observatlon-oftthe Vanguard has

N*?és."%’”‘&f;\’l



been. and will continue.to be useful to theasclentific community.
The Staff has'madevno attempt to analyze these aata. However,
it appears that the orbltal data yielded by the Vanguard have
permatted the most- accurate and significant determlnatlon of
.the earth's shape ‘which has thus far been . madeo- This determlna-
tionﬁhas.resultedvln,con51derable.revlsion oﬁ.previously;held

views. -

It.is!believed thatvaccomplishments other than orbiting a
satellite.should be considered among the pros of the project.

.The. most important segment of the entire»complex,is the launching

vehicle. -As. will appear later in this report, some  $73.5
million out of.a total program cost.of $lll million has been ng

or will be spent on the vehlcles.

. The. Vanguard;vehlcle is a three~stage rocket. The -first
-stage 13 a fully. developed hlghly ‘reliable system. -The,only i ' '?“

time it has failed to work properly. when called upon to do so ,g§

was during 1ts most publlcized launching of December 6, 1957. ‘ '”“ﬁ

P N
L

It is the belief'of those'consulted,,both inside . and out51de~

the:DOD, that the: Vanguard's first stage, because of its high

efficiency.and relatively low weight, may prove to be very

useful as a second stage for the large boosters that will be

»avallable in.the future. The. thlrd stage is also an . efficient

~and highly reliable rodket. In the flights so far conducted it
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~has perfcrmed'successfullyffour times.out.of;feur.opportuhities

to do. so.
The possibility of future.applications fOr.this recket
‘vare not-known. However, it has been learned, that an. alternate

thlrd stage, which w;ll be used .on TV-4 -backup vehicle. scheduled

toﬂbevfired on“June 2, 1959, is expected to~give:Vanguard.the=
capability of launching aaloe-peend satellite, and this makes : | é
it,appeer:that.cheepresent,thied sﬁagecmay be.obseleee. The |
«sechdustagegis:aAhigh%perfoemanceﬂbutvless reliable,engine.

-Whether all’of‘;;s‘problems have :been or ever wifigﬁe.solved

N LR ——

.remains to.bevpreven. TSignificantly,<however,-the~Vice-
-Pres;dent of. the Martin Company in. charge of. Vanguard .Cape

:Canaveral operatlons advised the Staff that he thlnks many

of. the dlﬂficultles experienced with. thls englne have
resulted from too much testlng and too many adJustments after

Adellvery by the. manufacturer.

¢

M‘ - m_ ” o " .u. .[v

The Vanguard develogment has been of value toAballistic .
,missilevprograms.andﬂto thexAir.Fprce~luner probe.shots. The
'Vanguard second-stage englne was used as the second stage for
the two- Thor—abel re—-entry test shots which . are: reperted to 1
have travelledusome 6,000 miles.

- Aside. from the vehicle iteelf, the - Vanguard complex

lncludes ground - launchlng fac1litles and a tracklng system.

£ - 33 -
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It is claimed by those connected with the project that. the

telemetering equipment developed as part of the ground..launch-
ingafaeilitieseand the‘world-widemuinitrack~system for tracking
. the. satelllte are . contrlbutions of major merit

The Staff discussed the Vanguard program. w1th a numher of

',1nfermed people not. connected with the ‘DOD . ¢All of them
expressed the view that the Vanguard development represented
a. consmderable accempllshment when v1ewed in. the llght of the

.tlme avallable to it. and the. magnitude of the. effort.

. B._."Cons™

lﬁaﬁy lmpertentﬁpeeple,_including}promineht;scieetists,
'feel thattthe.greateet_SingleAfactorwa4verselyAaffecting~the
ﬁexso.efferts to‘launghue:suitableaearthsatellite,duripg the

IGY was the decisien.to-develqp,the«launehing;vehicleﬂehtirely

i SRS . .. DN Ss— — " S— A ———— A— ———;

independeet~eflany military,missilegprogram. This decision,
whiéh,was apparently‘madefty.thetNationalugecurityJCGuncil,
has been termed a ”netienal tregedy“ by,eome~o£1thdee.inter-
~v1ewed durlng the inqulry N

It appears to be. qnite glear in. retrospect, and 1ndeed
.seemed clear to some. at the time, that a program coupled to. a
.military‘missile.develqpment<wculd previde:earller:and.mere

ﬂcertaln capablllty. .SOme»scientistsmindicated.that stch~an

%;_M.J_aw_:ml“;«»m~_u

effort would contrlbute to m1381le capabllity rather than hinder'

1t.

- 34 -
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Another factor which may have . adversely affected the

:chances of success, and whlch certalnly adversely affected the

publlc understanding of the project, was the vagueness. of. the

goals. Although;the.stated“objective~was to place -a

‘satellite in orbit, thereﬁwas no -clear statement .as to the

prebability of success to be expected fromuthe~small number
of.attempts.echedﬁle&,v‘However, the~éreéent.recollection.pf
the prqgram;managers is that the informally accepted goal was

to develop‘a capability,that wculdgyieldrabOut,a-sd-sonchancerf

getting Qne‘satellite into orbit in six attempts. The. information

‘released to the public by national leaders-did,not,make‘ﬁhis

point -clear. The program. as established-was not“c0m9at¢ble»with

‘a-goal of near certainty of success, but was more hearly.

reompatible.witﬂ a 50-50 chance.

The. fact ‘that these probabilities were never brought home

.to the public.has‘certa;nly influenced public eQaluatioanf
" the project,strongly and.unfavorablya “This accounts in~a

‘measure for the fact that a project wh;ch is almost a success

in terms of. standards set- for it has been adjudged a. failure
before it has runalts allotted course. -

Following. the selection.of‘vanguard, other factors emerged
which probably:affected the program and its chances Qflsuecess
.adversely_to,sqmé,extent;

- 35 =~


http:nea;r.ly
http:notcompat1b.le
http:st;atement.as

~ Both the complexity of the task and its cost were under-

-estimated, resulting in overly optimistic timeuac'heduleé. The ' m

-underestimated. cost, .coupled with the fact the decision to

A preceed withtthe,satellite.was‘made inkauly 1955;.a‘aate noL
.compatible ‘wit.:h Dob, appropriation -Asx‘:.bmissiona, -resulted in a ‘ “
.deeis;on:to finanee the projeet}frem fﬁﬁda‘etherwise’aveilable.
The fﬁnds~wereﬁapportionedvon»a‘“hand-to-mouth“.basis, which
arrangement.iﬁterfered with long~range -plans and programs'ea
‘there was alWeysZdeubt.whether.Suﬁfieient funds‘would‘be,made
available}'AAPpepdigza,npagee6l,‘gives some,deta;ls ?eéarding
the funding. arrangements. | |

fhe:reqﬁirement of goninterference~with~military programs,
the austere inltial budget, the rlgid time limit imposed by
Z’IGY the: absence of a suitable priority. {until Sputnik),v'
' resulted in management attitudes . and decisions which curtaxled»
.reliability efforts and programs to a. level below that
.characteristic~o£.the complex.m;ssile Programs. In»particular,
,tﬁey prevented~the establishment of mnltiple lapnqhing‘facilitiesl
and a‘gxeaterltesting prograﬁ whichecau;d have é:oyided mere
assurance of success. 7‘ |

-One of the factors 1nfluencing the selection of the Navy

,proposal.was that the»aartin»GOw, propesedvas prime:cgntxeeter,




1experience with“thesviking,recket. «Qne.week after;theLVanguard

Acontract was szgned, the Martln CO. was . awarded the centract
for. the development ef the Tltan, an. intercontinental balllstic
missrle hav;ng the hlghest national prlerlty. Jnartinudlvided
the Viking team, with several ef the more. experlenced engineers
‘going to Titan. Although denled by the Martin. Co., it seems |
.almost certaln that thlS maneuver . deprlved the Vanguard preject
of . talents whlch might have expedited 1ts development and
.possibly. made it a-more. rellable vehlcle.

Some 1nfarmed persons have adV1sed that . in general there
fwas an . absence of an. attltude of ;nterest‘ enthusiasm, or‘
,.urgent concern regarding. Vanguard in. the hlghest echelons of
- DOD. It ‘was- reported that some top—level people, ineludlng
the then: Secretary of Eefense. expressed the view they dld not
- care what is on the other side of" the moon er why the grass is
véreen. - It was polnted eut that while the attitude reflected
by these expressrens did not find its way into offlcial
. dlrectives, the sc1entists and other pecple assoc;ated with
:Venguard felt that they represented an. official v1ew that :
Vanguard had little value or 1nterest exgept to the. screntiflc'
:world. A

Grganlzation difflculties interfered with the smooth
operatlon of some" facets of . the program There was. lelded

-37 - .
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, requhsibi;ityvin the Navy Departmentand féilure, especially

Afin‘the.earlf,stagesvof the;program, to define‘préperlﬁ tﬁe

~duties:anduaatherity_of.o:ganiégtionAunits'and.personnel. The
Martin“cg. fgund it.diffiqultsto gét:tim@ly aggigions ét“Cape

:Canaveral4since-there;was;,at;least.in ﬁhezeariyjpart‘ofvthe.'

’~g:ogram, no sing;e'source:of final aﬁthofity. fhe Eartiﬁucéo
also had internal-§r§aﬁiza£ional probleﬁs,f‘xtudid not’
.estab;;shﬂan'apprOPriate:quality éontreifgroup,a£;¢;pe
fCanaveialAuntilWIQSé'anafdid not recognizeAtheAnécéssity'for‘

- coordinating tﬁe,wa¥k-of.the principalgsubéentractofs into.a
team»effe:t? ,The,programﬁmanagement;eonéept, at least until
thé-latter-stages,of thevprogram, seemé.to»haveqbeen: ,ﬂnartin.
is the primg} Aerojet<General,'Generalrﬂlectric, and others
arevjust subcontract9rs,~responsiblé»only'ferrdelivering‘
,Auprod;ctwwhichpmeets:the specifications; and there:is.né reason
to tfeat‘them.as.asSOGiate:contractors invthé éroduction and |
launching:of.thé<complete;thiclef. It,is_the.opiqioniof~SOme,
peépie, particularly thosé;consulted»a;‘éape-Canavera;,,that .

,:goéd"tgamﬁ~effprt;earlymin,the_programmightzhave'reducedtsome
»§f.thé'launcﬁing,deléys.and made-ittpossibie~to:expedi;e.tpe

test program.

During the course of its review the:Staff observed that

:argeneral‘air<of.loosenessVand informality seemed to have
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prevailed in tﬁis_program. Difficulty was experieﬁced in
locaﬁing documentation for views that were fairly generally
held by those associated with the project. The lack of
formalization of the goal of tﬁe pregram‘insofgr as it relates
to the chances of success has already been commented on. There
was no documentation to supéort the assertion now generally
made that it was “understood” that the project woul@ not bé
acceptable if planned sas anythihg‘other than a lbw—budget
effbrt."ThevStaff éouné it impogsible to obtain documeﬁtation
cﬁ instructions’given the program managers and the prime
contractor following'Sputnik‘I, It was generally stated'ﬁhét
they were told to "Get a satellite into orbit without further
délay“.‘

It appeafs that the looseness, léék of fofmalization, and

early management problems may have resulted from the fact that

- Vanguard grew out of the Viking pregram. Viking management

concept and procedures were geared to a program involving the

production of two vehicles a year and little more than $1 million

.

.

in annual costs. LThe rockets were hand nade and in essence were
produced, modified; and launched by the men who deéigned them.
The Naval Research personnel connéated'with this progfam,had
close persoﬁal éontact with tﬁese people and ﬁhere.was little

need for formalization of plans, objectives, and procedures.
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fand the nec9931ty for produc1ng a. relatlvely large number. of
.vehicles 1n.aAShort;t1me.made itvnecessaryAtolcarry‘on,many
ufacets‘qfﬂthe_pregram simultaneously and to adopt . production-
from that of the.Viking effort.

a crash program,t0 be@undertaken. ‘Work at .Cape :Canaveral was

closely associated with the program, was poor procedure.. The

‘and strict control over thé operations being performed became

. SEEREY-

The . short tlme scale allocated for: Vanguard the complex .design,

‘line techniques requiring a concept of;managemeht;quité‘different

Publicity officially released, following'Sphtnik I, caused
put.on a three-shift basis. This.action, according to those
groups working on.different.shifts tended to work independently

impossigle.

In the»general hyéteria which'prevailed,'work«which should
have been done in the hangar was left"undbne; andﬂbécause of V
poor communlcatlon and lack'of continuity of’worklng forces,
people worklng on the launch pad. assumed the requlred operatlons
‘had;been.perfgrmed in‘the»hangar. .This situationﬂggnt:ibuted
to the-adjustﬁents which had torbe:madé‘dufingi"check‘outf'
pfocedures just prior to.the-launchfattgmpt‘

It should be noted .that none of the people interviewed
.claiﬁed.that any vehicle was launched befereAit;was thought to

be.ready. Some of them however, felt that their. judgment as

- 40 -
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to "readiness"” was no doubt influenced by the pressure on the

program to "get a satellite into orbit" so as to meet the

" expectations of the public.

 Although prime responsibility for the Department of
Defense Vanguard effort has always been centered in the Naval
Research Laboratory, review and céordinating’responsibilitylwés
shifted a number of times. Initially the Aséistant Secretary
of Defense fo; Research and Development had review responsibilityﬁ
in May 155?‘the project was placed under the Special Assiétant

for Guided Missiles (SAGM); in May 1958 it was transferred to

_ARPA; and in October 1958 all responsibility, including-that

previously assigned to the Navy, was transferred to NASA. It

i not possible to demonstrate that the shift from the ASD

4‘(R&D) to SAGM delayed the program. In the case of the other

two transfers of authority, specific launching'delays.occurred,

as has glready.been discussed in this report.

During the course of the inquiry a number of allegations
concerning mismanagement, -incompetence, failure to meet

specifications, and friction came to the attention of the

‘Staff. Some of.theseAstatéments hadAbeen made publicly;’some

in hearings before Congressional groups, and some were .made

directly to the Staff. Effort has been made to determine the
facts in each case where the allegations were such as to permit
- 41 -
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specific»inqgiry. It iS‘wprth noting that,many of thé.allegations
were‘made»by ééople having;n¢ facts-but who were, nevertheless,
fquiteywilling_to condemn  the program solely Qn'the>basié of
‘results of the launching efforts to date. The:Staff believes,
on the basis of its study of Vanguard and recent study of other

- .'missile p;ogré@s, that the "cons" in .the VanguérdAprqject are

not.significantly_greater than those in other comparable efforts.

V. - ASPECTS OF RELIABILITY IN VANGUARD PROGRAM

There .are two important uncertainties associated with any
;newhﬁndertaking,.such-as this.satéllite.aﬁﬁémpt,»which goes |
‘beyond the existing proven eqﬁipment'into‘new,areas.of
developmenﬁ;° .The first, which may be -called the.design‘
unéertaiﬁty; ichoﬁcerned withAthe~question,»”ﬁoe8'the»system
. as prdposed.actuallyuhave.the:capability‘of>achievin§;the |
;objective?*  The success of_TV;4:aﬁd near éuccess.offSLVBB‘
remové this~uncertéin§y. |

The - second, or.reiiability un§er§ainty; is concerned with

" .the. question, "Can-all of the parts énd components-that are
needed be.manufactured, assembled, tested, andAoperatéd”by the
people involved in:a Suffiéient;y,rel;able,manner to insure .the
.required chance of‘attaining_the‘objectiye?"

It‘is self-evident . that tﬁe,reliability,that must be

achieved .and the effort -that must be expended to attain it will

- 42 -
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depend upon the goals established.  Thus it becomes important

to aécertain, if possible, what “chance® of attaining ﬁhe
objectives was established as the goal at the outset of the
Fanguard program.

The br;ef table which follows shows the reliability
required to insﬁre the indicated chanée f&r{achieviﬁgvthe

objective. “Reliability” is the probability of success

‘(orbit) in any one attempt (equivalent to the fraction

of success to be expected in a large number of attempts with>

identical items).
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- TABLE III

If the objective is at least .one satellite in orbit out
 of six launching attempts:
Chance of Success ~ Chance of Failure V,Religbilitx‘neggiréd
95% 5% | o am
s oo% i 10% 33%
50% - | 50% . 15%
: if.the ohjeétive is at least two . satellites in orbit.out

of six launching attempts:

o S Fre o0 ooy SRhas. 2+ <z o 3 v JEppee
. . A . A
. . . - 7 ¢ 4 53 N

95% - 5% 57% @

90% - 1o%- . 50%

so% o 50% ‘ - 25%
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EXpefienceravailable at. the. beginning of the Vanguard - . =

program;indicated that reliabilities of 40-50% for a. three-

;,R - fstaqe-éystem'ﬁould require,lpng,expensiVe programs with
“extenéive-attentionvtoreliabilityJ . However, officials'in
the programvﬁelieved thatva.reliability'ofAlﬁﬁ»could be
-achieved within the time ahd'f@ndsAavailable.

- A. .Reliability Goals

- In. attemptzng to find informatlon regardlng the original

?§  : goals set for. the rellablllty of . the Vanguard vehicles, who o

E. -setVthem,,and.on whatabasis,.the:Staff;hashreviewed the ' ég?
-}l~ . documénﬁary;recofd,énd has talked to oeofficials in.the I1GY, " ' ;i‘
:Y‘ -08D; Navy, and the prime¥contractpr,fThe Ma;tin.compény. .The | §§

pertinent clauses in the:Navy-Martin contract are as follows:

; - . “DESIGN SPECTFICATION FOR* «‘ :
: : : ,VANGU LA;,CHING VEHICLE ‘ ?L
. L~ ."1.0 .INTRODUCTION SR - gf
lﬂ ' ' ~”l'l‘_gggg, - This speciflcation with its appendices _ 56
e and references defines the requirements of the:Naval. ' - ' i
A ~ Research Laboratory for the design, manufacture; testing, , ﬁ
! : - . and .preparation for 1aunching of VANGUARB launching. vehicles Q
B ‘and test: veh:.cles° ' : ( 1
1', _ - - ¥1.2:Q bjectlve.. The objective -of. Project VANGUARB b
. . vis to establish.a satellite in.a predetermined orbit:around -
- the earth. The satellite will Dbe built by the Government "
lg . and placed in:its orbit by the VANGUARD launching'vehiclé. {ﬁ
‘;w»' ' *1.5 General Procedures. - The:Government will 1
S ~ exerciseé:such direction ‘and controls as are necessary °
l; ‘ _to assure itself that launching and test vehicles meet &
| -.45 - |
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-no numerical estimates or requirements of . rellability were
,specified. -The*Staff;has not beenmable te»establish that . the

. Government (NRL) ever formally determined the. “degree of

- 3 R —

their objectives both in performance and reliability.
The. Government will determine the performance and

deqree of reliability that can be reasonably expected
‘_wlthin the time-scale framework." (Underscorlng supplied.)

As 1s ‘evident from the very general tone. of these <clauses,

. b - - | 3 T
- : i . \-. J . h
4 Wl"‘:m—m e o~ ' - - ..

wrellablllty that ‘could be reasonably ‘expected. w1thin the
- time-scale framework" (l.sgabove) or.setuanyodefinite

‘reliability goals for the contractor.

The Director. of Project Vanguard (Dr. Hagen) stated that

.the original proposal eﬁvisaged»a reliability that would give
-a "reasonable” chance .of putting one satellite in. orbit in.six
.tries, but.that the project was conducted with the aim of doing

;everything possibleaunder:the circumstances to improve this

probability. Dr. Hagen defined the. term xeasonable :chance"
as hav1ng meant’ to him approx1mately a. 50-50 chance, l.e.,

50% probability. (The corresponding goal for reliabillty

would have .been approximately 15% as.shown in. table IIX.)

folcials of the Martin. Company,,Baltlmore Div1s;on

_(Vice President Varrier and Project Engineer nafka:ian), did
not commit -themselves to any numerical statement as to. the

.reliebilityAgoal which they set .for themse;vesf - They merely

- 46 -
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. emphasizedvthét«theygﬁerg‘“confident“ that'theyﬂcou;d-getgat

least .one . satellite .of plannéd“size.invprbit,

The minutes of:thexfirst‘meetinq,(choberzao; 1955) of the

- Satellite Panel of.the U. S. National. Committee  (USNC)

' .contain this statement: "It appears that at the present time

the-ébjectives-of the Project.VANGUARD are to. put.one satellite
into orbit, with six vehicles scheduled to try this". Officials

of UBNcwstate‘that.theY‘ha§é«no‘knowledge.thatﬂanyjmore:definite

';estimata»of.the,prohability of.launching,success‘was~ever_

; rgé.de by 'DOD.. -

.The stewartachmittee.used.the-terms-“reasonable:assur;nceﬁ
and . "reasonahle chanca“ in. deacribing their expactationa.
s;nce none -of . the officials in thxs program clearly and

£orma;1¥;stated»or.defined thair.geal.(and may have had

- different ideas among themselves. as %o what=it.was},<the
‘cqnfu@ionmand unwarranteduexpeetaticn“6f.succesa.9natha part

of the public ;sﬁundﬁ:atandable,,paxticularly.singe<tha

praject name ~- Vanguard -- itself implied a goal, or a

praﬁiae.:eﬁxa.guacéssﬁul~"ﬁirat”‘gate;Litg.

In any'dsvelgpment program, reliability is>af£ected‘by

,Goordinaticng or . cgmpxgm¢aes ;nveéving time, meney, - wgight,

parallel appreach@s, and cempetition with other yxojagtg,

'Managerial Judgment. must. strike the balancee
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. At the outset, the final deadline for attaining. the
Vapguard'programhmission (avsateilite.in‘orbitzduring»IéY)
was fixed as December 31, 1958. To design, procure, test,
imérOVe,cdmponents for,;and assemble and prgpare.a.aeries of
vehicles for'launching.réquires:aacertainAamount~ofwt1me.

. The larger thé;numbér‘of vehicles to be procured and
‘launéhed.»the.greatgr.the tiﬁe~fequi:ed,'unl§53'a dual test

:

program is arranged; and.even then both.lines may have tov5e~

‘-'~stopped'£cr fixing defects uneovergd byyeith§r~line. Thus  the

: sihé}e-r;gid limitgtion of available time put . a limit upon the
number of TV's.and SLV's which could be usefully scheduled.
A'completa;y,indapendént‘backup program would have been an
~<alt6rn;tlée} This suggestion for baékué came .up rapa;tedly
throughout the progxnm ‘but was - undertaken only after ﬂputnik.
The. record is - clear that although the Stewart Committee
lrecommanded oltahlilhmnnt of a backup program, the DOD dncidad
against it:; relying on the Army capability to be used on a
crash basis if needed. It iz of in:oéent-tc note that ONR
requested an.additional launching pad and aix additional BLV |
vehicles. The request was not approved. 1ﬁh¢:ugncztor the IGY,
through ﬂlf; suggested to DOD that six maxeraNV'irbc:ichidulcé
(Tanuary -wlebruary 1956) .. The requeat was not approved.

Obviously with more TV's or more SLV's or an additional. backup
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. program, the.chance of aphieving_mere,orbiting,satellitas.would

‘have Dbeen increased.

Limitation of funds is a. factor which obviously -can.affect

‘reliability greatly;but»it}dces,not'appeargto have been a
,critlcal element, excepting as - lt establlshed the general ste
-.and . scope of the- program. All funds requested. for Vanguard

Hware.eventuallywmade<available. ;TherewwerE»times,;however,

when  the precarieus funding. situatlcn approached the brink of

. cessation. of activxty.

Theeungertaintyjandfdiffiduity,of.the.financing.and the

relativeiyalow priority established for theAprégram.could~

have tended to inhibit requests for additional funds in

-support of greater reliability efforts. .The_technicalwleaders

interviewedAindicated they,sawyno.tangiblewevidéhee,thatvthis

ﬂwaslséwor thax-thenprecar;ous.fundingbactuallyﬂretarded.the

.effort.

- In the. technlcal d331gn of a. recket to carry-a: given

.pay-load, a. judgment must ‘be made .as to the size, to achieve

.the best balance between (a) cost, which in. general increases

with.s;ze,;(b) rellablllty of components, which in general wiil

'Mbetbettet if the rocket is large enough to.permit”extrahweught

-for more reliable components, and.(c) re;iabilityvof.the

propulsion.system, which:.is likely,to be.uncertain.iflthe!size

is: scaledaup too radically beyond the state—ofwthe-art.
._.49.. .
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‘vAfterxthe,basic~Vanguard~sizeuand.design«wereﬂaccepted,
the decision was made to design for light weight.. The.contract
with ‘The Martin.Co. provides:

"3.1.2.4. (Requlrements, General, Structural Design,
‘ Design cr;terla)

"(a). Weight. COn31derations - Because -of . the’ penalty
_that welght imposes. on performance, every effort :shall be .
made to reduce the weight of the. vehicle.™ .

IfAtheXavaildble,thrusf.ofxall‘motors;mat,the-specificatiohs,

.any:savingvinvweight bélcw-the.design.iimit,would resqlt in a
,mgre~than-mini%um Qrbit.v Conversely, if the,thrust'we:e 5elow
the specifications, an orbitvmight'st§ll.belachieVed 1f the
total weigﬁt-wereabelew the'design'l;mit.'-lt is underétanddble
‘that.the\contractér responsible.for‘the_detailedwdesi§n~wou;d 
cénsiderAitAbetter‘to have.a rocketnof:ampletthrust/weight‘ratio
at the sacrlfice of some. reliablllty than to attempt to achieve
AhlghAcomponent rellabillty at the cost.of increased. we1ght,
Awhich.might‘result in-les.of<orbit;ng'capability. ion:the |
fother;ﬁand, thoseiwhovfelt respdnsiﬁ;évfor<the reliahiiitygand
had cqnfidencevin,the perfo:mance-qf.the,ﬁétors'cou}dargue
‘stréﬁglygf§rrﬁsing some;of.the.weight:margin<to~attain“greater
. component ;eliability.' Typica;ly this is the type-of;deg;sicn
'.that‘mustibe~a ménaggriai one. In Vangqard, tﬁe«qugstiohésf
.high,reliability>versus.thruat/weight‘was:genefa}ly'resolved,in

.favor of keeplng the . margln ‘of safety in the. thrust/weight ratlo.
- 50 -
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Clauses in the Navy-Martin contract ‘read as follows: -

"3.1.3.6 (Requirements, -General, Construction}
-Simplicity. —-Simplicity of satellite-launching vehicle
congtiuction . shall be .emphasized in the interest of. provid-
ing reliability ‘and decreased weight. Every-effort :shall
be made' to keep the rumber and complexity of components
-in . the launching vehicle to a minimum. -Application of
‘this principle. must not jeopardize .dttaining the mission -
Qf the vehiclea

" :
- o - - <

"3.1.10 (Requirements,.General) Reliability. -
The vehicle shall be designed and componénts selected on
the basis of available reliability data to insure
reliability. consistent with the:state of the.art.
‘Reliability studies and statistical testing to establish
.such .data. shall not. be required. (Underscoring. supplied.)

' It .is confirmed by both Navy and Martin officials that

A’Martinufelt;thatlit’wou;d.notlbe‘feasible, because -of the

limitgtions on. cost and.time, ta.mount'a«strongApregramﬂofxlife.

testing to determine‘reliability,of;eompqnents. ‘It -is not clear

mwhyﬁThe*nartinuco. officials seemed to feel that these . limitations

also precluded a- coordinated "reliability program” of de51gn

vreview,ttestianalysis,,and.reperting.of“unaatisfactory

,procedures, wcrkmanship, or. equipment.

As previously noted, Martin CG. reliability efforts ‘may

<;haveubeen"eompatible;withaachieving a:rellability,ofxaround

- '15% but certain.aspects of the reliability effort, such-as

the reporting function, appear;to haveubeenudeficient»in“the

= Bl =~
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earlywstagesiof'the program and were not';ompatible~ﬁith
u,achlev1ng a high level of rellablllty.
on procurement of most items,rﬂartln requlred quallflcation
o) o performgncewtests torappraiseVthevperformance»specifiedvby
*the;designer,,but.their:design philosophy was characterized by .
o seme@Naval officersrasﬁbeins.One-bfs“adequ;éy,is~gcod enoughﬁ.

,Because.of‘theulérge.number.of items requiring correction,

Aasvrepérted,by‘the~Vanguard Operations Group (VOG) at the

launchingﬂsite,iNRL‘reQuestéd Martin, in”JquA1957,‘to
:establish,;;Quﬁ;ity'Assurance-Progr;m'inﬂthezfieid,tgnd this
wgs'eventuaily-donevdﬁéut the endvofﬁthat;year, .iheﬁvaﬁ then
;discontinued its reporting, depending on thewnartiﬁuﬁuality
Assuranqe;reporting,syétém. Vhlthoughfthe<numbéruof.items td
: beucgrrected“decreased considerably after. the Martiﬁ:Qualrty
Groﬁg;wasiesﬁablrshed; the“VeGvresumedrité-Oansériésvéf
uréports on deficiencies after a<few months.

The Martin:Cocoa Divxslon has begun returning defective
~equipment . teAthe home plant for. correctlon. Thls.appeara.to
represent a.. desxrable change in procedure, since it will . tend
tOqurceuHartin,‘Baltimare,vto.maintainﬂhigher.standards,of
‘workménship. vﬁﬁwever, activ;tres of the Quality Assurance

T

..Group at . the. launching site: are llmited primarlly to detection

-52 -
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, of errors in workmanshlp and perfermance,,and design
deficiencies are. not . likely to be detected in advance of
,testingjbyja“qual;ty aesuranee:grcupvlnutheufleld.

-The first-stageJmoter:had.been4giyenwauthereﬁghVSeries
of qualification tests, 5eingﬂrequired.tq operetersueeeeeiyeiy
«fer:eir.Successive runs having. a tetal,running“time.efcl,ooo
seconds. The second-stage motor. was apparently procured under
‘much. less. stringent quallfication testzng,_and the controls
may not-haye=haq”eompletely_adequateesystem;tests.

‘,The,abeve;examples ef”reliability_efforts, erklack‘thereqf,

-are .some . of . those that the Staff has noted, but in the context
of the. uncertain (but - low) rel;ab;lity goal fer the prOJect,
lt cannot falrly be : cencluded that they indicate unreasonable,
-executive judgment or. that the program has not been reasonably
~Hwell_managed.

D. ‘Analysis of Flicht Results

- Table‘iI) page<27 'giveSuthe»histerical eequencevofvlaunch
rattempts and . indlcates in each. case the most probable cause of
.failure as. provided to the Staff by E@m from. eff1c1al Flight |
: Apalysisikeeerds.,:From;théAreliab;lity:standpomnt, 1t.is
instruetite'terxaminethese:defeets inweomewhatjﬁereadetaii'
“to,determine if possibleﬂwhether:theyrare:due‘to (a). design

deficiencies, (b) unreliabillty of parts, (e);faulty

- 53 -
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;r , ,Prodedures'(inqmanufacturing, assemblY: or‘testingk-or
‘ii ;prepariﬁg.fgr launch) . | |
g' xThe,destrﬁCtionAof:TV—3 was;attributéd»tofaniﬁlet‘Pressurej
FE , too low for the fuel Pump-,‘Thispresgﬁre.was;;however,.stated,
§ | to be within f”s‘péc:‘Lfications set ‘for. the pﬁmp. ‘Thus, without

;more.information”the malfunctionumighttbe-chargéd;eithér«toJa

defective pump (part) or to faulty procedure (procedure) if

1 the difficulty might -héve- .;i;een detected in vpré-l‘aunch ‘checking. ,,
Q' : .The breakup of.TV#3~BH was:dué'tqné partwfailﬁre in.ﬁhe “ :é
g; jcontrQ1~system (pait) or tolfaultykinspeétidhuor ihstgilatién S;
gg owairing'(procedﬁre). | |

.The non-ignition in TV-5 was attributed either to a relay
" failure (part) or to mismatch of design tolerances on the. relay |
specifications (design).

The sudden change in attitudévatrsecond'stagé.shut—down in

- 8LV-1, wasmatﬁributed either.toffaulty thrust pressure switch

(part) or to inadequate des;gn of shut-down equipment . (design).

iThe design was improved in. later SLV" S. | o
The faulty perfarmance .of the. second stage in SLV;Z was

«attributed to inadequate removal of scale from the . oxidizer tank

Kprocedure).

The low thrust of the second stage in'SLV-3 was attributed

to contaminants introduced into fuel at fuel-up (procedure). =
- 54 - .|
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In the. seven . test fllghte (four in. test vehicles, three An
.‘launching vehlcles),,ene placed a. satelllte An orblt. »Qf:aix

. malfunctlons, two. were chargeable to procedures, two chargeable
either to. design def1c1ency or to part failure, and two'either
‘to. procedures or part fallure.

Although there is too little 1nfermation for. flrm
;eenelusleus,‘ltsappears»that‘the:failures are.duewne;ther to
'chronlc faalure of any partlcular part hor generally to poor
.»quality or reliabllity of. partso» These fallures due to design
deficiencies mlght possrbly have. been prevented by tlghter
‘design,review. ,Redesrgn.already-completedushould~prevent their,
,;re-curré_nce° Recurrence of precedural drfflculties can be
.removed by :1.m;;>r<>\recil.proeedt.x.r‘es.,° .However, it does appear that
more - attentlon to the preventlve aspects of rellabrllty, in
~additlon to. that glven to the. corrective aspects of reliability,
would have improved the chances ef success. ~It;@ay,;of.ceurse;

. be. argued that the tight time . scale, low.budget--and»limited |
test | facilities would net have permltted any extensive increase
An the’prevent;ve aspects of the. rellability efforts. . }

Three other 1mportant ltems of rnformation emerge from a

review of.the'flight.results: o

| “a. ‘The»success,ef~TVh4«andmnear Suécesshofispvég_
show that theksystem has the expected capabillty. -No funaameata;:
‘road blodks 'to. success exist. - | o

- 55 =
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b. The . 1nit1al estimates of 1 chance in 6 to- get
-a satellite into. orbzt were not: greatly in error and were
vprobablyrconservative..(Actual score: . l.in 7 and almost 2. in.7
‘using, four test vehicles and three SLY's. )

c. - The sequence of launching. attempts on 2/5/58,‘
,3/17/58, 4/28/58, 5/27/58,‘and 6/28/58 shows that the team
.launchingghadaaghievedAa;capability.of launching . about one pér(
:mgnth. aTheﬁ could preéumab;y;have launéﬁed‘three more .after
the-geptegberrze}.lass,»attempt;and~within;tgg;;§g ;faﬁhey
, hadﬂngt'been,stopped fdr,program,reyiew. Thus the over-all
Vschedule?didunct;tﬁrn outito~be.markedly unréalistic,vjn“spitei

:ofﬂslippages;earlyfin.the program.

cts of Success  from R

ining Four Vehicles

‘xAlthngh the predictions of the developmgnt:and»eperating-
teams, based»on-theiriown.experience“and judgment; may furnish

the.best”basis:fgr,estimating“the probability of success in

.. future launchings, . 1t is possible to derive ‘some rough estimatesf

ttframwan~analysis of the-suceess—failureArecords. It must be
_ stressed in. connection with any.such estlmates, however, that
the . quality of the. system tends to improve after each shot.--
-Sth:ls notga complete,failureubecausewqrbltA13'nat:achieved.
1Eacﬁ“sh¢t gives informationuabaut;difficulties‘whithgdahnbe
;qarrectad‘te iﬁprave.the.chances.oa later‘attempts.

=56 =
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Based.upon the information given in table II, the

following. score chart (table IV) can be:constructed. 1In this
table,én+nsignnindicates.that.thevindicated>component:hadma
chance to operate and did -so successfully, a - -sign indicates

opportunity followed by failure, and o indicates nd_oppqrtunity.

The score is the. fraction obtained by dividing the successes

achieved (numerator) by the opportunities (denominator).
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,HA‘rough;eatimatewof»the-?average“ reliabilityAQflthe“ 
launching véhicle is the product of the. success-~ratios.of. the

four ‘major -components:

=r7/8:x:3/5uxA4/4 #ﬁS/S = Qﬁ%¥g='0.33
..From.appropriatémstatistical tables, this ié found to indicate
>that there is- an,SO% chance of puttlng at: least -one . of the next
'fQur!shgts‘lntderb;tAand-3”40%_Chance offputtingwat:least .
two intq*qrbito .Butzbecause,of,the smail,numbérsAinvo;ved;:thg
.ru;es-Ofustatistics'say:one=cann9tApl§ce much confidence in
the statement. Asguming;aFSGKpeonf;déneevtQné=can;¢oﬁ¢lﬁde
~only;that.thé.reliability”is.greatér'thanuoeosnand.thaﬁ.thgre
igfbetterxthan;§n~18%¢ch$ncewoflputtingAat:;gast:qné;Satgll;te 
'.in orbi€.f‘fﬁis‘is aﬁyefy;conservatiye:égtimatéﬂﬁecausgAit |
does‘n§t-prapefly allow for;impreﬁémentsimade, and:isabasgd
on. such small numbers. -Also, the rel iab:f_.’l_ity_«vmigl‘xt; “be
.increasédubylimprévemenﬁs-yet.to be made, perhaps even as
, auresulttof:anoﬁhér“ﬁgilure.. |
fperhaés.ahbetterpestimate.ofﬂthevreli;bility.cf.the~
remainingQVehicles1¢anmbeuobtaiﬁed.bngettinggehginee:ing
‘estimates'frem thefvarious’teChnical peoplefinVOlved. This -has
been.. dene, and . the . estlmates range from 20% to 40%. rellabllity

~from .those who—wmll give numbers, and frcm “a good chance to

AR T TR it
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Agetf§ne" tof"quite.1ikelygto_get1two‘or tﬁreg” from.thoge
.wha are unwiiling’to.ﬁakegﬁumerical estimates..

' wﬁuttingva;l this inférmation~€0gether,.it.séems safe to
conclude -that there is probablyfa'50-50 éhance.of.getting,at
;leastAone.more~satellite inworbit; Iﬁ}othgr words,‘the chance
‘of~§lacing_an adaitionaluscientific satellitekin~oxbi£ is as .
‘good now»aslthe eatimétes‘cf succegs‘madefat\the cutset'ofxthe

program.
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. AFPENDIX A

The)review of the existing records and lnterviews with
. the. program managers and the prlme contraptors produeed
?convincing evidence that Vénguard was cenceived as a limited
project invalvlng expenditures Qf some - $20 mlllion tQ $30
"mlllIOHo Accordlng to data furnished by DOD & total of :
Slll 085 000 had been expended or. programmed for exPenditure
V,as of January 1959. A number of facters account for the
,1ncrease, but the . 1argest single facter 13 that realietic
ﬁestmmates ef the total program cost were not ma@e lnrtially.
What has been loosely referred to as “coets appear to haye |
vbeen llmited to an. estlmate of. the cost associated with the

:launchrng.vehiQIESo. The Hartin CQmpany 5 contract Which

: rccvers the development,_fabrlcatlon,vand the launching ef theA

‘rqcketa, initlally provlded for costs of some $29 mrllion.

.Hartin COmpany officmala advlsed on: January 8, 1959 that they ,

ghad already expended some $53 milllon and they eetimate'the;r

xcontract will involve about $59 m;lllon. Thls drfference of

- .:$30 millzcn is roughly d;vided into $15 milllan for change

»orders and an . overrun of $15 millioncon originally estlmated

.;ceste,cor abeut 50% overrun

- 61 —
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véatelliteuand its instrumentation,

p:esented»below.

AL

>tracking, program admin;stration,
. acxentific experlmant support

U..8. Air orce = Range censtruction and
\suppbrt :
4*'Range.use:chaxge.for

. launchings S :

3. U.. 8. Army - Prime -construction tracking
- station : ‘ - '
: ' - Subtotal

Na A;rdministered:cqs;a

I.BRgdlo~Trgpking ~ -Construction, .equipment,
- .maintenance, operations,gcommuniéations;
satellite .transmitters; data recording
'.and transmission .on all U..8. satellites
= ‘Tracking and. recording data. frem Soviet

‘satellite

.Zvaphigles - Development, procurement,
- testing, telemetering, flight operations.

 )Thé:HaxtinmCOmpapyﬂsfcontract;‘which accounts for. about
. 56% qf,the-cost:of;the»projeﬁt,wdees‘not.includé;all the;éosts-
.aSquiatéd w;;h:the.lannghiﬁg,vehicle'and épés:no;vinclpdgwany
. of the*cogtsiincident:to opti¢al-and.rad;o #rack;ng, the . .
;or,data‘pr§c§§siﬁg.f-x

summary of the;costxbyjprogxam_items and.spending‘aéency“is

- Amount

$5,236,000

3,661,000

4,227,000

.750,000

~+13.874.000

.$14, 551,000

1,085,000

- 73,470,000




Reductlon,qubllcation of " orbltal and
~other. information , . ..$5,037,000

‘Testlng;vflight,«telemeterlng of data, ‘data
recording, ‘reduction and publlcatiOn . 3,068‘900
- L Subtatal : $97, . :

. Total

_The funding-Paitern.iar*Vangua:d“has‘been-unigﬁ§¢~LAtwthe
<timérthe:NaYY‘wasxgiyeﬁ.instructions té~proeeédﬁwithfthekcon;ragt
“3é3§a@peril955)’ it:wés:toid toﬁfinancgvﬁheg§r§g¥amafr;m\any
_funds“évailéble, with»theaunderstanéing;that.feimhﬁraemant
‘would be. made as soon. as- funds could be. made available from-
Hothervsources. 3pecif1c appropriatiens for the preject haVe
not - been made to. the Bepartment of Defense..:Qqngequengly,
eﬁchvrequeatwfex;funés m@GEaijthe’p;ogram~managéf8;£aé:cgpggd
qume;éo#cgrh;-andkiﬁuaéme,ingtaﬁces‘thgre«haSubeen~acnsi§erable‘

* ‘zdglgiggetween:thé~t;mevthe_fundg Gexer;niti&l;g;ﬁequgs#gé-ghd

the date they were finally available for obligatien.
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‘The sources of. the funds expended or planned for

{W ' expendlture in connection with. the Vanguard are shown below.

. DOp emerggnCijundS'(Ft‘S~1956,.1357,A1958) - 947,385,000

g ‘able appropriated funds - FY 1958 34,200, 000

 National Science Foundation and National

|
t$ - ':'ﬁnnlauthority to transfer from any avail-:
~ Academy of Sciences 18,362,000

él” . A ‘Funds«from,classified~source , - 2,500,000

| I ;COsts absorbed by Air Force and Army from
(| ‘ o regular appr@priationa : , - 8,638,000

Total , glllgoss!gog

E - . The tabulation below shows the dates on which funds were

i m—

rE—y

requeated by’ NRL and the dates on which. they were . received.

- Date Funds. . Funds Received
Requested B C
by NRL =~ Date = - Amount.

30 Bep 55 . 21 pec 55  $15,500,000

ERTNZA A NS

29 Dec ‘55 2,500,000 B
15 Mar 56 20 Jun 56 5,800,606:\' L e
3-0ct:56 - 15,000,000 .
5.0ct 56 5,50q,doo‘
14 Nov. 56 ' 15 Feb 57 " 10,000,000
| 25.Mar 57 1,826,000

15 Mar 57 Jun. 57 5,800,000
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~ Date :Funds " Punds Received
Requested o e
‘fbrf frl - Date ount

23 Apr 57 - . 10.0ct 57 $7,000,000

30 0ct 57 11 .Dec 57 4,400,000
28 Jan.s8 22,800, 000

28 Jan 58 1,085,000
Total NRL administered costs "97“211 OGOx

'jFrom.the“informationuobtained by the. Staff it has

_not.been possible to determine . the extent to .which the

unavailability of funds may have interfered with .the: expeditious

prOsecution'df.the.program‘ 7Representatives ef-theuprime
:contractor adv;sed that the  low-level concept of the program
would ‘have prevented the establzshment of: backup programs and

‘ofaany'elaboraié.reliability;effort.V However, they said that

'ﬁhey,ceuldnnot‘pqintfto;the,gnavailability‘ofwfundsﬁas,having' ‘

influenced the proseCutionfof»the.pregramuas1it-wasvcon¢eiv&d.

. The. program :managérs,_~ on the . otherchand, ‘Said that ;failure‘ .ta

Arecognize the magnltude of . funds which would be required and

‘.utovmake~appropr1ate prqvlslons for,them, rnterfered wlth
-long-range planning, increased.theiamountfqﬁ:a&minigtrariveA-
work,.andﬂcauséd»uncérrainties‘onqtheir part;andrqn,ﬁhe.part
_ertﬁepcéntractars; .Several person§~mehtioneduthar,therpiece—
‘meal A;nner:inwwhiCh‘funds‘werepmadeanailable,kept:the‘ |

' .project .on-a: hand- o-mouth existence most . of. the tlme.
- 65 -
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APPENDIX B

SATELLITE EFFORTS - 1958

Launched

Jan. 31

.March 5
%Marghu17
‘March 26
4A39rilfﬁ8‘
\Mayfzs
.July. 26

~August 24

Sept. 26

S 0ct. 11
.oct. 23
‘Nov..8
‘Dec. 6

Dec. 18

CSprmary

In orbit:.as of 2/15/59
-Orbit not achieved

. 200-yr. . .orbit

In orbit until 6/27/58
orbit not achieved

erbit,notféchieved,

6~yr. orbit

fhaunchaattempgffailed- :

orbit not. achieved

. Effort to orbit moon. failed o
. Failed to launch
Orbit not  achieved

‘Moon .shot. failed

In orbit until 1/21/59

Orbits Achieved . . . . . . . . o s« « .5
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. APPENDIX C

Buchheim, -Robert W., Electrical Engineer, ‘BE; "MS: yh,D. Yale
'53) _Experience includes . servomechanisms, auto—
navigator ‘computers, missile guidance .and control systems,
~analysis and design of satellites and space vehicles. -
Research.Engineer,,the RAND corp-. . (Joined Group Jan. .'57.)

. ¥Clement, George H., ‘Mechanical Engineer (Univ. of Cal.,. '41).
-Asst. to Pres. RAND Corp.,: Santa Monica, Calif. ‘Experience
“includes analysis and design .of large missiles, -satellites,
-and space vehicles; tool, stress, and structure design- and
analysis, Douglas ‘Adrcraft Co. ' :

*Furnas, C..C., Chemical Engineer (Ph,D., Mich., '26), Experience
_ includes Dir.. Reso,,Curtiss-Wright '42-'46; ‘Dir., Cornell
Aero, ‘Lab., '46-'54; Chancellor, Buffalo Univ.,, '54-; '
:ASD (R&D), '55-; Chairman, Committee  on ‘Guided . Missiles,
RDB, '51~'53; Tech. -Advis. Panel on Aeronautics, -ASD
. (R&D), '53-'55; .Memb. Adv..Group on-Special Capabilities,
t55 . (resigned Dec... '55 to become ASD (R&D) )

.*Kgglan, Joseph, Phys1cist (Ph.D., Johns Hopkins,,‘z?) Member,
- Nat. Acad. .Science. Presently’ Chairman, ‘¥, 8. Nat'l
.com., International. Geophysical Year ''57-~'58; . Prof. - -Phys.,
- UCLA. Experience includes. Chairman, Dept Meteorology,
_UCLA, '40-'44; Dir. Inst. of Geophysics, UCLA, '46-'47.
‘Noted for contributions to spectroscopy and compos;tion of
,_upper atmosphere. -

*Lauritsen, c. g., PhYSiCist (Ph.D., . Cal Tech.,v 29) Prof.
' " Phys. since '35. .Experience includes membership on - '
-numerous science:advisory: ‘committees,  NDRC, DOD, USAF.

’ EEmber, National Academy of Sciences. Noted for .contri-
‘bution to theories of. electron. emiss;on;ihigh-energy ‘
physics, nuclear physics. ‘Member,. Von Neumann .Bal.

‘Missiles Sci. Advis. Com. ' ’

McMath, Robert R.,. Astronomer, Engineer (BCE., Mich., 'l3).
' .Presently Dir., Mc'iath-Hulbert Observatory,  Pontidc,
‘Michigan. Chairman, Board of Directors, Motors Metal.
Mfg. Co., Detroit. Experience includes OSRD, and
Advisor to DOD' in .aeronautics and guided missiles.
(ReSigned Jan ‘58) :

. 5

= 67 -

SWRTILIT RFND SRR KT L W e gt e g TN N R 2 W LTI IS S A LG L LT et 3 L Y T D 4 S S AT X TR L AT SR T e R G O e R



- SBERET

———————

*gprter, R. W., Electrlcal Engineer (Ph. D., Yale, '37).
,“Presently Englneer for ‘Gen. Elec. Co.. Experience includes
‘RDB, USA, and G.E. Co. in fields .of servomechanisms,
,aircraft“armament,.missilefguidance.systems,;rccketry
. and propulsion, radar.  Past Pres., Amer. Rocket Soc.,
-€hair., Natl. Acad..Sci. Tech. Panel on:Earth -Satellites.

*Rosser, J. Barkley, Mathematician (Ph.D.,.Princeton, '34).
. Professor ‘of Mathematics, Cornell. Experience includes l

rocket ballistics, numerical analysis, symbolic- logic,
~digital computers. .Consultant .on rocket ballistics and
. computing machines to various Government.agencies since
:1943. Member, Von Neumann Ballistic-Missiles Sci. Advis.
jCom,.APast:Pres., Assoc. for Symbolic Logic; Fulbright  and
Guggenheim Fellow, Univ. of Paris, °53-'54; Director
Res., ‘Inst. for Numerical- Analysis, NBS, *49~‘50.

*Smith, Paul A.,- Secretary. Geodetic Engineer (B.8 .E., Mich.,
"24) .. Experience .includes precise geodetic surveys and
computatlons, navigation .and tartography; technical, .
econonic and legal aspects of. international civil
aviation. consultant to ASD. {R&E)

grlngs, James. Q., Executive secretary since 1957. -Physieist,
" lawyer. .(Syracuse Univ.,. ‘AS, '36;.LB,. "40; AB, Physics,
. '42). Hember,_N. Y. State Bar. . Experience includes
- research.and design of .direction finding and high-speed
_communications systems. - Profeéssional staff asst. to
. Director. of Guided Missiles; Exec. Secy, 5cientif1c~Advis.'
CGm. to. Seco Def 3 Secy, Anti-Ballistic Missile Com.

rt, Homer J., Chairman:. Aeronautical- Engr. (Ph.D.,.Cal.
Tech.,” '40) . Chief, Liquid Prepulsion:Systems Pivision,
'Jet Propulsion Lab., Cal. Tech., and Prof. of Beronautics.
Experience includes dynamic meteorology, £luid and super-
‘sonic.flows, design and tests of rockets and guided
migsiles. -Member, Sci. Advis. HBoard, USAF, ‘'49-;°
_Guided Missiles Committee, RDS,  '48-*52;.0SRP, U.. 8.
Weather "Bur., - '44; Consultant to Aerojet Corp.

. *Member of the: orlgxnal ‘group partlcipating in selection of
Vanguard.
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