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From: Chief of Naval Operstions
Tol DISTRIBUTION LIoT

Subj: Testimony before the House 3cience and Astronautics Commitﬁee;
forwarding of

Refs (a) CNO 1tr ser 3PY5S of 28 January 1960
sael: (1) CNO ltr ser 29P95 of 17 February 1960 with enclosures thereto

lc By reference (a), the Chief of Naval Cperations initiated a series of
newsletters forwarding selected statements of witnesses testifying before
the Congress on space matters. Forwarded as enclosure (1) is the thirteejth

in this series. ——
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DEPARTMENT OF THE NAVY )
OFFICE OF THE CHIEF OF NAVAL OFZRATICNS
WASHINGTON 25, D.C,
: Op=95/rwb
Ser 29F95
17 February 1960

MEMORANDUM FOR THE CHIEF OF NAVAL OFPERATICNS

Subj: Testimony before the House Science and Astropautics Committee,
16 February 1960; forwarding of

£ncl: (1) Op=95 Memo for Record dated 17 February 1960 with enclosures
thereto

1; On 16 February 1960, Rear Admiral W.F. raborn, U5N, Direetor, special
Frojects, Bureau of Naval Weapons, agey Admiral T.F. Comnolly, UsN,
Agsistant Chief for Pacific Missile Range and Astronautics, Bureau of
Naval Weapons and Mr. .Y, Rhode (NASA), appeared before the House Seience
and Astronautics Committee. Enclosure (1) is a debrief of admiral Raborn,
Admiral Counnolly and Mr. Rode's testimony and prepared statements and is
forwarded for your informution,

Very respectfully,
/ i
_/',7 7 5’__,/ 2

TR L, KIBBE.'
GCAPT, U,u. Navy

: ENCLOSURE ( /) T0 0P7
SER.20. P75 DTD 2:(7-6Y
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"~ 17 February 196.

MEMORANDUM FOR THE RECORD

Subj: Hearings of the House acience and Astronautics Committee on
16 February 1960

tnel: (1) Statement of RADM W.F. Raborm
(2) Statementof RADM T.F. Connolly
(3) otatement. of Mr. R.V. Rhode (NASA)

1. +vitnesses before the House ocience and Astronautics vommittee on the
morning of 16 February 1960 were RADM W.F, Rgborn, UoN, Uirector, opetial
Frojects, Bureau of Naval veapons and RADM T,F. Connolly, UoN,sssistant
Chief for kacific Missile Range and Astronautics, Bureau of Naval Weapons.
VADM J.T, Hayward sat at the witnesses table and answered some questions,
although he was not an official witness, The statements of RADM Raborn
and RADM Connolly are attached as enclosures (1) arnd (2).

2. Verbal statements by the witnesses and questioning by membars of the
Committee brought forth the following 1tems of interest:

a, The USS GEORGE WASHINCTON has fired successfully a Polaris missile
"slug"g

bo To date the record of Polaris Flight Test Vehizs#ides is:
(1) 36 flight test vehicles have been completely successfulg
ké) 14 flisht test vehicles have been partielly suceasaful.
(%) 2 flight test vehicles have been unsuccessful. ‘

cs Of the last 12 vehicles:
(1) 9 have been fully successfuls
(2) 3 have been partially suceessful.
(3) the last 6 in a row have been fully successful.

d. Two Folaris submarines, each equipped with 16 missiles, will be
operational this calendar year.

e, The Navy believes a total of 45 FBM submarines should be produced.

fc . The Navy proposes to increase the range of Folaris in the gt fou. years
to 2500 miles.

ENCLOSURE ( () T06¥%) "
QER29274 D10, 768
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g. A single national space exploration program is needéd.

. &"W'w—g. -

h. The USSR does not have submarines that can launch ballistic missiles,
but does have submarines equipped with missiles of 330 miles range, requiring

purfacios foo minsils Launching.

35f In the afternoon of 16 December 1960 the witnesses were Mro R,V. Rhode
(38) and Major Victor Hammond, USAF (assigned to NASA). Mr.

statement is attached as enclosure (3)q

Rhode's

Major Hammond had no prepared

statement buf made a presentation to the Committee, deseribing briefly
the followings: :

a¢
b.
Co
do

eo

General types of tracking. _

The Minitrack, BagéraNunn and Mercury networks,
Tracking problems in Péﬁject Megeury. ‘
Tracking of deeé space ﬁrob333

The Goddard Space Flight Center (wiich will coordinate

from all tracking systems).
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STATLMENT OF
hear Admiral Vv..F. Raborng USN
Uirector, Spcial Projects, lepartment of the Navy
To B gAiven before the _
Homse Science and Astwronautics fommitteo
Mr. Chairman and iembers of the Committes:
I welcome this opporfunity to give yeu another acc@unﬁinggef the status
" of the Fleet Ballistic Miss@lé Weapen ystem, g;@axally known :s POLARLS,
The continuing interest of your Lommitiee in the FEM program and concern
as > its status is very constructive and healthy.
Late this year, calendar year 196E9'the FBM weapon sysiem is planned
to bé operational @hﬁ should proviae the United States with a unique, mobile,
" and giobal weapon system. bel;vezy of the first coerational bailistic missiles
and the self-sustaining nuclear powered submarine ia being accomplhished in
unprecedénted time == in faci; as i tolg you last July, almost three years
egrlier than bglieVeQ pogsible when the FBM program was annbunced;in January
1957, sefore telling you in detail where we stand teday in our POLARIS missile
cevelopment program, 4 believe it would pe wnxthéhile to describe hriéfly the
FBM program and our past effordi -- the road over which'wé have travelled
to date and the speed limits observed, |
“Ths FBM.Weapon Oystem occuples an extremely important position in the
current and future military posturé 6f the Ynited States, and complemert s
other deterrent forces in being or under Bevelopment. It is desighed to rive
this country a new military 6apability == the capability io launch long range
ballistic missiles with powerful warheads from nuclear subtmarines, The
combination of the missile, the submarine with its launching and handling,

fire control, and ship's navigation dévicesp plus svecially trained submarine

crews constitute the powerful sea elanentof the Fleet Ballistic Missile Wegpon

Systems %&ﬁ@%@% (” |

1
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In the fall of 1955, the fresident approved a project to develop a
ballistic missile system with consideration to be given to beth land-=basing
anﬂ~seéabasinga The Navy created the Sg@cial frejects Uffice and a&;ﬁirewi;?p
1 was charged with the re® ondbility for technical, direction and managenent
of the FBM Wesp on System development, or mcaé specifically, to engin?dg the
sea application of the JﬁPITLR miasi}eo For a year, Qe«worked hand=in=hand

with the frmy, whose job was to develvp the JUPITER missile. this was indesa a

most harmonious partnership and the'Navy gaire d invaluable technicsl expe rience,

dbince iiquid fuelalpresented virtually insurmountable pfohlems.for.shlphoarﬁ
use due to safety, space and launching factors, investigations were soon directed
toward thg devel.opment of a solid prop lled missile, Meamwhile; significant
advances in sulid propellant aﬁd warhead research otcurredo. The $tate-of=art
of long=range; lént;endurance nuclear submarines was also well advanced.

1n late fall of 1956, the Navy pro posed and was authorized to pursue
independently the oresent FBM System with the soli§ pfopellant(POLARISAéoupied
te the nuclear sutmarine, In Hawch 19579 aftef three months of continuous
study by an‘industrybscientisthavy steering group, the wespon system parameters
were establishedo These parsmeters were based on the most advanced concepts in state-
of=art and the best technical Jjudgments of attainable improvere nts with the next
decade, ihese basic pasrameters snd concepis, éside from minor exceptions, have
not been chénged after three years of effort. New technological admances are
being incorporated'into prqduct;on components as they occur and at minimum-costg

Growth potential is a built =in feature of the systen. ‘he nuclear sulmarine,

PN
"

the major capital investment in the wﬁgpgga hag a iife of at least 15 years,

»
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Let me tell you briefly ®hat the FBil system im operation will offer %o
G country. A basic rquiren'\cnt of any missile is that it must be able to
reach, with accuracy and effec'tivenesgx; most of the impertant poteniial targets
in the world. The POLARIS Fleet Ballistic Missile will initially have an operstional
range of about 1200 nautical miles and the capability of carrying a powerfud
-warheaa., With tﬁis- range missile; POLARIS ie .in effoct a global military weapon
in thét in excess of 90 percent of the earth’s surface can be brought within
striking di..st.a:mce of this bobile system oparating from toncealed ocean depths,
The FBM submarine will be able to navi,ga‘te accurately; either surfaced. or
submerged, using conventional and greatly advance# navigation deviceé and
teml;miquesp, At 83X t:*L‘mexs,3 the FBM z{umarine wi 11l know her location in relation
to planned objectives end; t1us, the missile can be accurately targeted, |

_Zaunching points of the wma‘*.i;:rh;:fzysmm will be constantly movl.né about so
thst they camnot be pinpointed in ':i?d;r:;mce by an enemy; The POLARIS ‘“eapon
System is virtually immune to sdrpriSe attack and invulnerable to enemy long
range missile s because it possesses real mobility, This is fundamental, the
ability to operate from one concealed area now and fyrom another hidden srea
somewhexe else one hour later. As the NAUTIIUS and her sistér ships have
demdnstrated; the highly mobile; nuciear suhﬁarines cin remain éubmerged for
extended periods of time; either relatively stétionéry o cruilsing oven"vaa?,
oce;an areas.

Any retaliatory systém to have maximum effectiveﬁess must posses fast
reaction time, The solide=fueled POLARIS missile will alway: be ready for
firing without protracted delays for px‘eparatiorgo This is chiracteristically

true of missile with solid prope 11ants

A
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POL/RIS deployed in submarimes; unobfmsim]y cruising the oceans
removes these maécns from inhabited areas to the seas, It poses an
insurmountabls intelligence problem to the enamy since every unidentified
submarine is a poténtial POLARIS launcher, Thus, the enemy’s gountermeasure
problems and ppoblems of defense are compoundea and complicated, <he sjs‘ban
presents to any potentisl 'aggresso:? an unquestioned and continuing capability,
one whi.lh ‘can be comprehended and appreciated. usecause of the threat of deol-
iberate and inevitable retaliztion from these concealed mobile launghing
p.if.atfofmsg. the PCLARIS system should prove a powerful aeterrent to any petentd sl
aggressor from striking the first :lep viith this systém; the United dtates will
have a unique jglebal military vam bility vhich complements our other retaliatory
weapcn systems, and which will be under the contrel of the United Statess

. Levelopment of this global miiit.ary capability has been~mést rapid. in
sanuapy 1956, the 'N‘avy announced an accelerated development schedule with the
1960 target date for initial operstiomsl svailobility. At that time, we were
well ahcad of echedule and could confidently proceed at a stepped-up pace.
bssentially, it was recognizei that to meet the hccéleratea‘ and augmented schedule
we would have to resort tc zJh possible means of expediting the work, through
shorucut.sq snd maximum but sensible use of qvertimeq Mult,j;e::shift operat ions
and extended workweeks for specifiec periods were authérized for various khops
at contxsgc?.orS“ plants to -8sure that components of the subsystems weré all
available to dovetail int» s fully operable system when needed. . The ctentralization
of responsibility for ali aspects of the program under the e cial rrojects Office
as the single weapons s'yétem manager, uncuestionably facilitated the devel opment,
effurt. With surety, the t:omponént parts of the developm?né program have been
managed and monitore: in unison to meet our operat fonal poals, Thi.s‘ _i.nc‘.‘luntig.es'9

in sddition, to the weapon system itself, the related elemets such 3s, poauction

L
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and operstional suppert. The industrial lase, logistic facilitles and skills
essential to support and expsnded FBM force have largely been established, The
industrisl capécity Qs that necessary to support tﬁe presently authorized force
out is alsc an excellent base on which to build as desired.

'i'he 20LARIS ballistic missile is a rela.tively small, compact; solide
fueled missile. A small but highly sccurate guidance s&gﬁm had to 'be_d’;cve‘lo\p@
and simultaneously, made_compaﬁible with the missile and the shipboard fire
cont L system. Lhe re=entry body rep?esentﬁ advanced technology. We have led
the way in the harnessing and contrel of solid propellant motors, use of jetevatarp

fc}; missile flight path control, and means of vrecise thrust termination to

_impact on target. We must, of course; continue our development tests to attain

the reo.ired degree of reliability and to achieve -our ultimate systenm aa
coniragted with our initisl operational objectives. frecuction of componehts
for the tactical missile is proceeding satisfactorily.

Yur flipht test wogram has continued with wery gratifying results.
Througﬁ L Februsry 1960 out of s tetal of 50 flights tests of various types,
our technicsl staff and advisers have rated jp comple tely successful since all
specific technical test objectives were achieved, ‘’hese fully successful
flicht tests incluced launchings of twosstage solid fuel test vehicles in’August
1959 from s shore based Ship ilotion Simulator and at sea from thg vss OBSLRV#TION
ISL/ND, the FoM weapon system test ship. ihe first fully guided flight was
conducted with excellent aécuracy on 7 January 1960. Tourteen of the 50 flights
tests were rated prtigl sticcesses in that one or mere of the primery technical
objectives were met; two were failures. J[In other woins, since i appeared before
you lsst July, we have had seventeen flight tests and the Scoxe is 10 fully

successful flight test; 7 partially successful. Eleven of the flight test

5
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vehicles fired in recent montha are more fully representative of the tactical
missiles, On these our recerd is 8 out of the 11 fully successful with 3 pare
tially successful. Whét this means is that the solutions we devised and

corroborated through owr ground test program in the fall of 1959 to correct

.certain defici@ﬁcies brought to light through tests in a flight environmen ¢

are proving to be adequate. As we move more rapidly into the adyanced tesfing
stages we may encounter new problems but with our experience backlogy 1 sincerely
believe that as they occur they will be tempo:ary and suscertible to immedia£e
correction by our competent team. lie are on schecule, snd in a number of cases,
ahead of the development challengetestabljshed three years ago,

The missile flight ten&‘pré@;&n is the most spectacular of all the POLAKRIS
system pestsu ur apgproach has.enabled.us to take advantage.of partial suCcesses
and féﬁlures in pgound tests and in flight to arrive at a complete understanding
of unanticipated phencmena, and to utilize our successes in flight to make
tremendous strides in proving features of the " factical missiles. Let me'reéiew
briefly the eleven advanced developﬁent model flights tests concuctec sinéglivst
culy. In September 1959 we fired the first of these from the flat pad at
rMlatic “Missile Kange and performance was almost identical w0 that.specified
in the specific technical objectives, The re=entry phase of the fliéht was
highly successful,

In Uctober, we fired the second vehicle bit the flight was teminated
shortiy after the second stage motor ignited due to difficulties in the métoru
THe third vehicle was flown successfully in November, agein with excellent
re-entry body m rformance. During Lecember; we concuctec three additigmal
flight tests, In each instande? the vehicles werxe launched perféctiy; and one

performed exactly as predicted, In one case; first stage powered flight through

K]
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first separstion was good until the igniter adapter mal-functioned, (a randem
type failure) ond suddenly terminated flight., In another case the vehicle
verred off course and the Rang:e Safety Officer destroyed it.

In January we h:._ve had four fully successful tests. On 7 January 1960
we conduc‘@qui our first fully guided flight tésto Pcrfm;m;mé of the guidance
system vas 6utst\,andingo May 1 state that the guidance system, iri every predeuing
ground test and as a passenger in several of the flicht tesi vehicles, has
ope reted successfully. In‘ this test, ukilisation of our radically new fire
control system was made snd similsr fire control system.'s. sre being installed in
the FEf submarine. batisfactdry_perfafmmce provides another degree of ‘
confidence that our integrated weapon system wi 1l have the rcouired accuracy.
The other full scale flight test vehicles successfully flown in Jamuaryy snd on
Ly February provided further assurance of guidiance operation and accuracy, re-entxy
body design, and integrity of the missile as a wholeo

Rgﬁaz‘kab]e progress continues to be made in 6ur launcher development program.
Last July I showed you pictures of the ingenious cdevices used t¢ move out the
fea»sibilj.ty of underwater launching end the ’:ompatf[bilit;y'of the missile and
launching tube, At Sgn Francisce Naval Shiprard, we ha.ve Uperation SKYCATCH
and ‘FEASHOOTER, dry land launching facilitiesto test various methods of ejecting
the missile from the tube. At an Clemente Island, Cu:‘.lli.fc;vrnialf Operation POP<UP
and FISHHCUK have repeatéd).y demonstrated the feasibﬁity. of underwatez'.launching
of full-size missiles,  and of stable travel of test vehicles through and cut of
both calm snc turbulent water. SKYCATCH and FISHHOOK #m: devites with the

capsbility of arresting t}me test vehicle in mid-aikr which means the vehicle can be

- - - R .- —_— - - - - - . R

|
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re-used time ang again. Tests at the two launcher facilities yill continue
te pinneer further developments in launching methods end devices.

M) aspe cts of the FEM ship construction have progressed satisfactorily
under the accelerated scheduléo Four FBM submarinas were launched durihg 1959;
the USS GELORGE WASHINGTCN at Grotony, Connecticut on June 95 USS PATRICK HLNEY
at Groton, Connecticut cn Sepember €23 USS THEODORE ROOSEVELT at Mare Island,
California on Yctober 3; and tha USS ROBERT k. LEE a£ Neﬁport bews, Virginia on
it Lecember, The ULS CROKGE WASHINGTON was commissionec oﬁ December 30a' Witn
a Navy crew in charge, the USS CEORCE WASHINGTON is now undergoing m e xtensive
installation test program.and other required tests and tfialé p;eliminary‘té
the first live missile firing lster this yesr. 'The program of dummy missile
sholis from the ship was succsssfuily completed prior to 30 Lecemﬁer 1959, -

The USS CBSERV/TIGN ISLEND, the FBM weapon system test ship, has recently
been equipped.with additional prototype zsquipments; and will shortly resume oparations.
at sea, |

4 submsrine tender is being converted to provide afloat maihtenance for
fhe FEM subm rines and will be available for service in late 1960, 4 secoﬁﬁ )
tender new construction; is in initial stages of construction.

Importsnt. shore facilities; which are én integral part of the FBM program

"include the ifissile issembly facility at the Naval Weapons “Annex, Charleston,.

Sontﬁ Carolina, and a team trainer at the oubmarine Base, New London, Cenmnecticut.
These facilitiez will be fully operstional when needéé to suppart the FBY
dperational capability, Of course; we haveihad to supplement the facilities

at the Naval Test Complex at Cape banévexélg‘Floridas to accommodate the

progressively advanced POLARIS experimental test vehicles.
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Additionally, port facilities have been provided at. Cspe Cgnaveral to support
the FBM ships prior to conduct of shipboard missile firings down the A.-tia;xtic
Missile ltan'geo

The FBM program is being developed and managed as a complete program wm ckage
unger authority delegated to the Sﬁecial rrojects Office, The p_i'ogram from its
inception has been reviewéd and approved in *etal terms which vermit completely
integrated ax;xd bslanced planning and administration by thé Director and bis
'Cepartmental staff of less than 250 military ang civilians. 4&s part of our'
apbrohch to the develooment of the FBiH wesp on system in the spring .of 1957,
we spent considerable time in planning and schegduling our progyan. ihe opeciai
Projecta Office devised a management system with Athefollowing objectives: to
o»rgalnize.fa'cta for co:plets decisions and staff actilons;, %o' provide a basis for
accountability c"f performance on gpproved projects and a "need=to¢knov{" reporting
system and to provide a frramgzwdrk for respbns"x ble and objective evaluation of
progress, We explored anc develope d new management technicues, including a
aystem penerally known as PEKT (Pregrsm bvaluation and hesearch 'lechnmue
utili,ing a digital computer) which has been widely utilized in whole oxr’ nn
pamﬁ?{' by other services and 11 ivate industry for the purpose of reseamh and
development mamgenientm These efforts have kept the status of the FBM program
known at all times, inv;luding how our funds are used. +froblem areas can be
readily identified before they become cx‘itic‘al,ar;«‘i W “have 2 factua]l basis on
which to make the nuaerous day=to=day managemeﬁt ;decisions attendant to such
a large complex Prografmo

In summary, the FBM program has forged ahead with sophisticated developments
on a very tight time schedule. /n advantage has been a tep oriority rating, co=ecual
with the other major missile programs of the Department of Lefense, based upen

performsnce to date and an intimate knouledge of the work yet to be accomplished,
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the POLARIS submarine weapon system with its allied operational and logistical
support is plianned to be a;vailable operstionally this year with the readiness of

the USS CEOKGE WASHINGTON. Other submarines are planned to be deployed at it ervals,
with a total of 9 POLARIS submari‘l;xe systems expected to be ready in a timely

manner: moving at will within the safety of the ocean depths, the POLARIS submarine

can be expected to accomplish her mission,

10
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A

STATEMENT OF

THE ASSISTAK? CHIEF O THE BUREAU OF WEA PONS
wOR THY PACIFIC MISSTLE RANGE AYD ASTRONAUTICS
TO RE GIVTH BETORE TIW '

#NUST SCIENCE AND ASTRONAUTICS COWMITTEE

BUREAT O NAVAL WRA-ONS ORGANIZATION “OR SPACE

The Hureau of aval weapons organization for space 1is
shown on the. accowpaying chart, Undar the Secretary of ‘the Navy
and the .Chief of laval ooerationsg tﬁé Assistant Chlef of the Bureau
of Naval Weapoﬁs for “acific Missile Range ana Asteonautics oJroviaes
a specific point_of contéét for coordination of orograms which are
being conductda'uﬁder the management of the Bureau ;ﬁd its varlous
field activitiﬁé o

Basic - orgarnizatlon pranning for the Bureau of Naval
Weajons proviaéd for tne ready acaptatlon and direction weajonry
in the advanced space technology flela. Alphough tne major weapons
development area In the Buréau of.haval wWeapons orgsnization 1s unaer
an Assistant Chief for Research, Development, Test, and Tvaluation,
other line operatling assistapt Chiefs ars assighed to areas tnat include
Contracts, Production and Quallity Control, ™eet Readiness, and
Field Suoport. Included in the Staff Assistant Chiefs is the fssistunt
Chief for frogram Management to whose office the Assistant Chlef for

Pacific Missile Ranre and Astronautics 1is attached.
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The Assistant Chief for ?Program *anagement, in addition
to beiqg slaced in staff capacity to the Chief, also particioapes in a
verticality of reporting lines involving the line Assistant Chiefs,
including that for Research, Development, Tast, and ZEvaluation,
where management df ma jor bureau proframs 1s the order of buillness.
1n weapons developmenﬁ and Qfgé;fﬁmgﬁ%yﬁhe Assistant chief or
Prozram lianagement essentlally outlines what 1s to be accomplished,
along with timing guldelines. He is responsible to the Chiel of ths
Bureau of kaval Weapons for planning sand executive'directioh of gil
Bureau frozrams, including the assignment of resources for their
accomplishment; 1t 1s then the responsibility of other line assistaunt
Chiefs té nerform timely developmént'dno production, furnish proyress
reports, and work cut progrum changes andAmooifications of requirements
or abjectives,

Such a basic organizational pattarn was devised as the best
goésible ap roach to workaﬁle manaéemenn of the activity walch woula
give functional grouping of skills and knowlecges pertinent to researcn
énd development, materials management, and field support; to provide
maximum vertical management with flexibility to meset shifting tech-
nological and business emphases; to provice "feedbacks" enabling
program reviews; and to keep at a minimum the numbers of peoplq

reporting to the Chief, Bureau of Naval Veapons,
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Also attached to the Assistant Chief for Yrogram ianagemen?t
are two Assistant chiefis within this organization; the Assistant Chief
for the Pacific Missile Range and astronautics, and the Assistant
Chief for rrogram and lanagement Plans,

The Assistant Chiaef for racific Missile Range (PMR) and
Astronautics Yrograms is responsible within the organization of
assistant Chief for Program Management for overall coordination, -
policy and executlve directioﬁ and aaministration of all plans ana
programs within the faciffc Missile Range ana Astronautlcs
area of cognizance. As such; he provides a speciflic polnt of contact
for coordination, guldance and assignment of resources to astronsutlids
programs which are belng conductead unuer the management of the
Bureau of Naval Vieapons.

The Assistant Chief of the Bureau for Researcnphnevelupmencp
Test, ana hvaluation is directly responsible to the Cnief oI the Buseau
for the Complete development of aiprcraft, weapons, and assoclatea
equipment with rogram managemsnt ana direction in the astronautics
apéa being the rospons bility of the Assiatént chief for *acific Misslle
Range and Astronauﬁiéau Unaer tne Assistant Chief abe four subngraupa
charged with the developmént of systems and components ln the areas
of Alrcraft, Missiles, ASW, and Astronautics, The Astronautics sub-
group consists of two divislons, Puyloads, and VYehicles from which the

Navy Navisational and Blo-medical jrograms are being orosecuted.

,],,,A —
1
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PACIFIC MISSILE RANGE HISPORY
MANAGEMERNT ,. AND OPERATIONAL CONCEPTS

Historx
The Pacific Missile Ranre (PMR), managed by tns Navy,

1s one of the three National Mlcsile Rnnges,'each having unique
capabilities.and different but complemsntary missions, The PMR
mission is to provide range supéorn for the Oepdrtment of wefense
and dtner desisnated government agencies iIn gulded missile, satellits,
andg space vahiélo researchy aeveldgméntg evaluation ana training
programs in the rfacific Ocean area.

The °MR haa itslinceppion in lecember 1957 as a result
of increased emphasis on.missile and satellite programs ana recognition
of nhcmnecessipy,fqr auequate range faciiitieso The Naval Missiie
Jenter, Péint.thuQ is the nucleus upon which ths full racific: Missi.e
Range is being 'developed, This center, én opersting missiie range
for 14 years, 1s manned\by over five thousand miii#afy apd civiilan
porsonnel who are thorocughly trained and experlenced in hanga
operations, Its major compleax before expansion consisted of a
75 x 150 mlle 'sea=test range off the coast of California. In this area
ths Navy had conducted thousands of tests of Conventional types of
guided missiles. The development and testing of these types of Navy
missilass will continue a2t the Naval Missile Center with the racific

Missile itange providing all the range suppofta
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In June 1958 the °MR was officially establisned as a
National facility with the Navy as executive agent. The roint
Arguello area 1s being devéloped orimarily in suprort of National
ustronautics and space effort, since it contains many desp canyons
whefein large, dangéfous noiay rocksts éan be 1solated, plus a
unique eaataweét aoast line which allows firlngs into polar orbit witnout.
passing over any lana bétween ?oint'Arguello and the South role, thus
making tils aféa the most desirable rocket launching center on fhé
Uo3n mainlahd for lasunching sétellitas into these orblts. 1In adaitiong
arguello provides rangse services to launchings from Vanaenburé Air
force base to the North and to missile flights in the aajacent sacific
areaéo |

Operational Concepts

The Navy has reviewed all filrm missile ard space progrsms
requiring PMR support in order to prepare a long runge plan for futurg
developnent of the range, This plan involves the establlshmenFlof Y
complox of ranges, capsuble of supporfing the various types of missile
and satellitas to be developed. Thls complex anludes:.(a)'a 250
mile sea-test renge, (b) a 1500 mile IRBM.;ange, (c) over 5,000
mile ICBI range terminating:ﬁﬂgr Eniwetoﬂdislandg-id) a roinr orblte
range originating at rfoint Arguello, and; (Q)‘an antismissile range
in the Kwajalein Atoll In support of the Army's IIKE-ZZUS Anti-Ballistlec
Missile Program which will_provide capability for :esting anti-missile-
missiles, usiﬁg as a target ballistic missilecs fire! from the Vandenburg

Alr 7"orce 3Base on the west coast and from Johnston Island,

|
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Unaer strong baval managamentgvthe Pacific Missile
Ranze utillizes three contractors for speéialized technical range
operations and aévelopment areus ~--< one in the Eaatern racific
and another in the ‘vestern racificp' Tne third major range cone
tractor is in tho_rnhge developriont area to help assure.that éhe range
wd 11 expand in a planned and organized manner, anticipating and belng
ready for the demands placed upon it, Thls contract system was
evolved after careful .detalled studies of the contract o»nerations
of the other nationsl ranges;: This study concluaed that‘a single range
contractor operation was unde;irable because such an overall ona -&zgon
control might teke over the management control function which. 1s
properly the responsibility of the Range Commander. Convgrselyg
it was'déterminea chan'to,go Lo a syatem utilizing a lapgé number of
amall contractors, could prqé@ to be a majog managament heéadache.
the racific Missile dangé tri-contractor system appsared to be a sounaq,
Loizical middle of the road agproach and 1is maofing with axcellent

3uc¢.ess,
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Statement of Richard V., Rhode, Assistant Director of [esearch
(Structures and Materials and Alrcraft Opesrating Problems)
‘National Aeronautics and Space aidministration

bafore House Committee on Sclencs and Astronautics

Mr. Chairman and Members of the Committes:

Many problems in applisa research ana tecnnology must be
solved before we can accomplish oué future, more aavanced space missions.
A great deal. of knowleuge.pas Lo be obtalinsd through the research process
to establisin the fucts required to muke a sound judgement as to tie
féasibility o' any development oriject, To proceed wlth develooment In
the abs=ance of such knowledpe msans that we must »in our hopés on
ﬁssumptioﬁs born of ignorance, This can be an e xtresmely costly process,

In order to illustrate our research activity, Lst us conslaer s
space mission desiyned for manned circumnavigation of the moon, Thals
mission entalls launch and exlt from the atmosphere, space (llgzht,
orblting the moon and exploration of the lunar surface, and filnally,
return to earth, entry into the éarthﬂs atmosphere and landing. The
first shase of this or any other mission is launch and exit from the
atmosphare,

L4AUNCH AND EXIT

Tiis manned Lunar mission willl require a large main booster, sucn
s "Saturn"; with suitable second stage and other boosters, and a paylcsa
consistini of & spscecraft and ranentry:vahicle together with the!r conte

snts. Such & system 1s large and heavg. The-lengtn may be 300 feer

- ENciostRe (3)
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and the weight a million pogndag nacause of tha pgrsat importancd of
welzht, the stpucture will be 1li~ht and flimsy by normal structural
standards. The volumé and weight of the fuel will be large, The
system will be balanced‘on and sccelaratad bj rocket englnes having

a total thrust of‘lﬁb million pounds, ana it will be subjsctea not

only to tha force of thrust alon: the axls, but also to siae.forcgs
causad by winds and turbulence ana to the cogrsrsctlive sidswise components
of thrust from the gimbéled enginess,

With sucﬁ a system, having large weighty anc forces and a 1izng
structure, there 1s & very difficult osroblem of vibration or system
dyhamics°

One aspact of tinls probtem is the inveraction between tae conteol
system and the'flexible'structure; This aspect, whlch Is cailisd
structursel ?eeabackgican be demonstrated by a simple moae. The cgntreold
system consists of a device ssnsitive to motion, calleda a sensor, |whicn
transmits a sipnal to a control clement, Hers, ths sensor is a slmpis
accelerometer and the control =lement is an elactro-magnetic aevics
which causes side forces similar to thuse ceused by zimbaled engines,
When the sensor 1is moved bf~handp the control device also moves end
csuses the structure to respond, In practice, the sensor nusat,
of course, ve located somewhere in t..e system, Suppose it 1is
mounted amide snips and the systsm is distrubea us 1t might be wnen

a8 fust ls encountered in flisht., The. response of the structure 1s

considerabls, and in practice this .much vibration would destroy t*e

vehicle, Tt does not die out and is therefore called unstabls,

Iay]
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The shape of the axls as 1t berds back and forth 1is typlcal of
a simple bending vibration., Let us see what nuapens'when the sensor
is placed at th~ nose, Now a more complex form if vibratlon is
excited, One can readily see that t.s Intaraction of & control system
and a flexible structure poses a problem, As previously noted, the
systaem contalins a large mass of fusld, and the demonstration has shown
that vibratory motions will ceuse the fuel to slosh around in the tanks,
thus setting up additional largs and irregular forces,

e huve nere a s:aort movie sequence saowing studles being mads
of fuel sloshing in the laboratory. You will first se2e a transparent
tank with colorea fuel reacting to control foreces, 'fhis wiil 55 fo;;oweo
by a demonstration of the ef’ectiveness of baffling,

The control elsment hire is a gimbaled air jétg simu%ating tne
rockst engiﬁeg and locuted a8t tane bottom on the taﬁke A sultable buffie
helps to reducs the. fuel iloshing.

Phese and other facets of the booster-system dynamics problem
are bein~ sctively studled at dﬁr'research ¢centers by both experimental
and mathematical technijues., Ve will have to continue to do so for
some time to come, bscruse the roblems b~come both mora sefLous and
difficult as the syst«ms become larger,

SPACE FLIGHT

once the vehirle has been successfully launched into space, many
new problems are ejcountered, Among them are the nazards of tne
space environment, such as meteorolds, sznd problems of juldance and
attitude coﬁtrol of tne gpacecraft, Let us consider f£irst the meteoroia

srohblem,

I Approved for Release: 2021/04/20 C05025138




Cc05025138

Approved for Release: 2021/04/20 C05025138

4

Meteorolds are mstallic or stony bodles that travel through space
at speeds estlimated to rangs between about‘259000 and 165,000 miles
per hour, 3ome of them are very large, such as those that caused the
cratars on the moon, or the ons that fell in Arizone centuries ago to
cregta the well;knpwn mefeor craﬁér there. Others are very small,
Fortunately, the larée ones are exntremely rare=-=for sxample, tne
surface of the moon has not visibly chénged by lérgecseale meteoroia
impacts since the invention of the telsscops, We donif: warey about them
any more than you worry about them when you walk down the street,
A8 tne meteorolus becomé very smail, aowever, bde numbers of Lnem
incresse to the polnt wnere. the probébiliny of nits or imghéﬁs on &
spacecraft bscomes quite high, 1f thers were no atmosbhere»to burn
thsm up, we would all be.liksely tacgets for thsm. Thesé smail meteordius
may be only a few thousandths of an inch ih diametero

Although very small, tney can, because of their tremendous speeas;
be very destructive, It h#s bsen sstimate;, for example, that & ball in
space mads of aiuminum i.bout one yard 1in diaﬁeter and havins a thickness
of* ,005 inch miitht be punctursd as often as once evsry ten hours or twice
a day, “.ith ten times this thféknessg the ball might be punctured once
svery 200 days, Obviously, 1light structurésp including tanks zna
radiators, wili not give satisfactory servics over a long period of
time wltnout some wrotection ggainst meteorold strikes,

.One way to 3tudy thls problem 1s to shoot small narticles at high
sp=eds at test specimens and sees what nappens, "e nava besn doing tuls

for sone. tine,
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This photogrsph shows two high-speed helium or light-gus guns
developed at our. Ames Research Center., Some of you, I understand,
have seen theri, Thsy csn shoot smsll balls about 1/16 1inch in dismetsr
gag fast as 14,000 miles per hour, This speed is:much'Faster thsn a
rifle bullat==a typicei military rifle, for example shoots &t about
2000 mlles par hour, We can obtain much ugeful information Crom
such eduipment; because by ﬁsing relutivel& Lurge pellets we can obtain
the«sémé impact energy'as ﬁhe smaller meteorolds havs, Mesanwails,
we are studying means for shootling smaller particies at speeas witnin
the meteorold raﬁgeg |

Tals chart sinows, on the left, tae crater haue by7an.actual
meteorold ihpact on & soundlng rockst, It occurred at about
90,000 feet altitude within the .atmosphers; conaeunntlyD’tne meteorala
must havse bsen gréatly slowed down from lts original speed by the
atmosphers above this level, The rockst 1nself was traveling at oniy
about 3,000 miles per hour. The Impact was therefore much sloﬁer
than thos¢ wa expect to encounter in space, Neveptheiesé; tane incilaent
is of mreat interest in demonﬂtrating that impacts «ctuslly do occur,
and 1In providing a rough conpsrison with laboratory lmpacts.-

One of the possible wayﬁ of handling tne meteoroid threat is to
bulld a 1li-ht sﬁell or "bumpsr" sround ths spacecraft, The thougithere
is that the particles sre going so fast that waen they striks the bumpér
they will‘disintegrate before striking the underlying structure, An
idesa of the possible effasctiveness of such a bumpsr ls shown in the

next chgrt,
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These are results 66 some studies made with one of thes guns
shown in the photograph you just saw.

The figure shows the spsed in miles per hour required to just
penetrate the terget with 3/16 @iaméten Pyrsex balls, We see that
a'peliet going at 2,000 miles per hour will go through a single thick
shest, But 1f the sheet is split and separated & bit, It takes a
speed of 4,000 mpl Lo go tnn#ugho #.th four layers, again of the same
total wéﬁ@hhg we ¢an withstanu‘somewhatfgrsétef speed; And 1f we fili
the space betﬁeen the.bumpeb Qnaﬂthé second sheet with lowsdensity,
glass@wool; we see that particles golng as fést as 7,000 miles per
,hour'willlbe gtoppéd; These tests sirulate what WQuka hépen witn
metaoboiﬁsAL/lﬁ inch dismeter st séeeds of about 40;006 miles pér hour==
well withln thé metsorold speed range.

Phe resulis snd conclusions 1 haves justc sbown youlare bagsa on
labératbpy tasts, and of nacessity contain sonse agsumotions and
gporoximetions, ¥e would like to get some direst and actual détn from
real metQOroidsp "Io do this, we plan to sene up a test satellite this
year on one of our  first Sco;ts to test out the thaorﬁég-&pd laborétory
pééuits,

This is a l/btn séa%e model of the punctuprs-experiment satelliue,
The snort'tubesi%ﬁﬁning lengthwise will bé made of metal of var ous
tnicknesses, and will contain gé;Aunder oressure, When a uibe 1s

punctured by s meteorold, thes gasswill leak out ana this oceurrence will
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be rsdioed back to =~arth, In this way, Qe will get direct information
on how long a structure made of material of diffsrent thickness cen be
expected to last out in spsce, In the future, we will met more and more
atipect informstlon of the sort that will snable us to design bettsr und
mors efricient spacecréf}o

Another problem of space flight 1s that of guidance and attitude
cantrol, I shsll review a few aspescts of tnis problenm.

Many satellite and other spacs missions, such as our Lunsc missiong
requlre thatlthe-attituue of. tne Spacecraft be maintaineu or stabllizeq.
On tals cnaprt arie snown some typicel requirements of attituae control,
Earte satsliites might be raquicea sitasy to continue to euinn.towara
the center of the surth or to continue to eoiht ﬁeward 8 Tixea objact
1n-spaceé Space probes or space ships taking navigation fises mﬁst9
in\genepai, point toward some f[ix=d queec in space,

| Different missions require alfferent degrees of precislon, Lsrthe
oriented communications and meteorological satellites require melatively
iittle precision--tha sttitude need be maintained only within about 8
degrees for tha former, snd within about one degrse for the‘lattero
Space-oriented spacecraft however demand a very high desrse of precision,
Interslanetary navigation, for exampls, requires thet the attitude be
stabilized within about ,005 degrees; and the astronomlcal satellite
musf b~ stablliized to th= very fine point of ,0005 asgrees., In order
to mive some laea of what tuls mesns; .0003 degrees 1s the angle contained
between to straight lines sturting at 2 polnk In tihis room and

spreading only 70 feet apart in San "-ancisco,
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Spacecralt steblilization systems may differ in the speciflic meana
asmployed to do the job, All of the, howevar, must employ mechanisma
off one kind or another to pérform the requirsd functionsc. The;e functions
sre to sight on some refsrsnce poihtg such as phé lunar horizon or .
ster; analyze the information from this: sighting system or seﬁsor9 ana
to sctivate & sultable connrol’device in order to maintain the proper
attitude of the spacecrafi.

Here 1s a sinmple d=amonstration model of an attitude control

system, The spacescraft 1ls prepresented by the turntable, whiéh-is free

1

to rotate just ws the spacecraft is frcs:to rotats about any of lfs
axes. The sensor is & simple photo-electric csll. 1ts signels actuate
the control device, which 1n this csse, is an insctis whesl that
operates on tne orinciple of conservetion of angulac momentum, A3
you aee, when t.e platform is turning slowly, the nghplgﬁurce wils
stop the rotation und thes sensor will continus to point at the light,
All of tne mechanlsm for doing this is sslf-containea on the turntable
and no external force is spplied,

In order to ottain Lhe'required precision, each one of the
functional requirerents ﬁust be subjected to the rssearch processg
such as indicated by the work goind on in this laborstory s=t-up..
ror example, if as is likely, the sensor is a lizhtmsansitiyc mechanliam, .
fts sensitivity and accuracy must be inveshicated in relation to the
wave lengths availlable in the li-ht source; some of the wave lengths may
have to be filtered out. Agsin, control mechanisms of various types
must be investipsted to determine the principles beét suited to the
develophans of controls heving low power rsquirements and at the same
time high positloning accuracy. These and many other problems are

8
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beiné investigauted with laboratory equlpment such &3 shown on this
chart,’

Progress to aate indicstes thnat we can achieve an accuracy of
thrae hundredths of a degree'with present laborstory equlipment, sna
that l-1/2 hundrsaths of = degree can bs achlsved béfobe long. "™urtner
research is obviously required in order to develop the high accurucles
required for space-=sta iﬁized systems,

LUNAR EXPLORATION

The third phase of our assumed mission 13 to clrcumnavigate tne
moon and conduct the n=cessary exploratory activities. UVie woula eXxpsct
the men aboard the spacecraft to be takiﬁg moving plctures ana
telﬂvisioh'pictures and.pérforming other observanlonso This gets
usj;nto‘tha question of weightlssénes;land whather men can perfoecm
the Pequireé auties in a gravisty=free environmant, As tns qﬁestién
of meru g nas been Loucaed upon oy oLhers, 1 snall not zo into it,

Another aspsct of Lunar e xpiloration is tne mutter of sending
instruments to the Lunar surface ana te have them remaln lntact so
that they can transmit informatio:m either back to the spacecraft or to
Tarth, To do so requires ejection of s lunar landing system and
instrument »acksge from the spacecraft; arresting its forward motion
and placing 1t on the moon intact.

In princiéleglthere are seversl ways in wnhich tnils can bes done.
You are all famlliar with Droposals that have besn made to lower a
suitable container to thie Lunsr surface by msnss of retro-rockets,
such as indicated at the left on this chart, This kind of system
sermits a soft or easy landing, sven in the absence of a lunir atmospners,

and is the kind of system that will have to le usad to place msn or men

safetly on the moon. It is compsex and he2avy. The rszearch oropaems
g

\ Approved for Release: 2021/04/20 C05025138




C05025138
. ) Approved for Release: 2021/04/20 C05025138

P
>

involved sre common to othar ssvects of space flightesviz; light-weight
" structures, stabilization and control, guldance, throttlsable rocksts,

st cetara,,

Recause of the complsxity of the softelmnding system, we seak
simpler ways to land ‘ 1nstrﬁment packages on ﬁhe moon, Instrum=nts
can ﬁe made ruggsd encugh. Lo withscand impact accslerations higher
than.thosé'shitable for man., Consequently, we csn consider systems
thst lend at rdthsr high sp=eds, and therefore, do not pequibe ali of
the guidance, control sna fuel reocuirad in a soft=1and1ng.sysfemg
These sirpler systems do however requirs méans for absérbing the shocxk
of impact, ' .

Soms of the means .availabls for absorbing the impact that sre
now being investigated sare indicsted on th= cnart. They are cﬁusnable
slructure, p=nstrstion splkes ana pneumatic cushions. Of course; in
stuaying thése systemsg-we must 2t the momsnt sssums that tae haransss
of the Lunac surface 1s comparable to that of the earthts surfﬁce; e
ars, howevsar, aeveloping techniques for measﬁring the nhardness of tne
Lunar surfuce, so that wihen we send a rockst to ﬁhe mocn we wlll be
able to obtain tue desired informetlo, Meanwhilep'studies of the
anergy absorbing schemes ars jrocsecing;

Thas crushable-structure concépt~employs lisht-welght nstal
structures, such as this honsycomb sample, When it 1la olaced between
@ heavy object and the surface of imjact, it collapses, absorbs-energy;.

and assum#s the shape yov s=e 1n this second pisace,
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The psnetration spike 1s a very simpls device, but. 1t works only
when the surface of the grcund is neither to hard or too soft, 1t absorbs
°nergy by displacing and compressing ths material into which it |
n=netrates, just as 2 nail absgorbs thes energy of a hammsr blow,

Both ta=s crushable structure'and spike éoncepta rsquiré proper
orientation with respect to tne.imgécted surfsce, Tne gas cushifon
aoes not have this limitatlon., It is thsrefore, che simpiest of ali
systens Qlthough bequiring more resesrch to understand how to dssign
1t, 1In the cass of the gas cushion, Lhs instrum=nt package 'ls suspsnasa
in the center by numerous radial cords., Ths system falls Creely in the
Lunar gravity fleld .becauss thers 1s ﬁd-atmosphefgq Ugon impact ths
cushlon comoiresses until the instrument péckagg'is Sroughc to rest
on ths iﬁpactea surfece., .Ap this instant, tihe bag 1is split to avola
rsbouna, Tnargy 1is abs§rbed by compression of the gas, b7 snock
waves pen=rated in the gas, and by distortion of the bag skin. Gas
cushions suitable for landling . nstrumsnt psckayes on the moon might
range between 5 end 25 feot of more in dlumeter, depending on the
orbital) height and tbe‘51zé and weight of the 1lnatrument packugeb

RBecause of the attractive simplicity of the gas cashion, it 1is
undee;soings =xtensive theoretical and experimental invastigation in ourc
Resaarch ﬁenterso The next ciart shows how its efficleuncy comparss
with that of thg softclanQing retro-rocket system, Here, the efficizsncy

of the gas cush@dn rejstive Lo the retprou-rocket system 1s shown plotted

i)
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against payload weight., By payload we now mean oﬂly the Iinstrument
package carrleq by either landing system, In both cases the necessary
auxiliarycontrol and guidaﬁce systems have been taken into account.-

As éan be seen, the gas cushion is sﬁperior to the soft=landing prstro-
cocket'systém 8% the smallér pay-loaa weights sspeclally in the very
small sizes, At the higher pay-=losa welights, the cnolcs betwsern the
two systéms becomes small and the retro=-wvocket becomes superioe, NMusn
so, the gas cuShién-might still be used becasuse of 1its greater
simplicity and reliability.

Before we ars ready for a manned mission to the moon we shall; of
coursse, be sending unmanned spacecraft'theﬁec Yere 1s & model of one
of ﬁhem thut is currently uhder development‘by the jet'Propulsion
Labobmtd?y9 fhis apcscralt will weigh about 705 sounds éna 1s lntenaea
to be launchea by ths Atlas Agena-B. The two folding vanes are sutar
enargy collectors, The als=typs antenna‘transmits and receives slgnala
to and from earﬁho The maln body of this spacscraft coﬁtains atcituae
control and naGigation equipméntn_instrumentsa radio et csatera, .4t the
top 18 a capsule that will be sepééétea from the spacecrsft proper ana
landed safely on the moon, | |

The next chart shows the sequence of events, During the early
phases of the flight, injsqtion'hna mld=course guldance are exeréedﬂA
As the spsacacraft approaches the moon, the small capsule 1s separatsd
ffrom the mein spscecraft and retro~rockets are Tied to slow the speed
of thes capsule, The main spacecraft crashes and 1s destroysd, The
small capsule finally lands on the moon, its impact energy 1s absorbea
by penetration spikes and it goes into opsration obtaining data and

transmitting them by radio basck to =arth.
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For soft landihgs on the moon we must walt for the larger
rocketa such as Centaur and Saturn. Sof§=land1ng systems for both
of‘thess_vehicles.ére undar study,.

' R%uENTRY

The final phase of a m@nﬁcd Luhar circdmnavigatioh.missioh is
return to eaprth, re-santey into the aafthﬁs atmosphsre and Lanaihéo
The space=flight problems on the return trip ars no differén@'ffom
those Qnﬂthe outbound tripg-wlth the possible sxception tnat
navigational accurscy 1s more 'critical, The‘.groblem'of ce=entey 1ls,
aowsvsr, péculiar nd this phase and 1is é varyAserious one. 'AS‘you
know by now, there aré two basic SCh@hGS-fOP gccompliéning beaeﬁtry;
(;) the baillstic method with s non-Iifting capsule, and (2) the
wingsd or 1ifﬁing method. '

Both.of these mennods have aaventages and disadvantageso The
ballistic causml«a is. simplwr and 1s.therefors suitablﬂ for a nlfst
steo such a3 fr@&qcp MefcuryO It has the atsaQVannage, howevee, of
imoosing vsry high-g‘loads when rspentéring at higherithanseacth
6rbiting spee&s; ip also lacks opsrational flexibillity ana fequlrég &
lapge landing area and an extensive Pptﬁiaval operation, For these
reagsons ;1ffidgicapsu}e and winged re%aﬂer vehicles are under study.

The liftinq vehicle, which overcomes thy disadvantagea of the

" ballistic capsule, 1s more complex Qnd i3 subject to higher heat lesas
and temperatures., Here is a photograph of & 1if¥ing vehicle structurs
under test at our Langles Rasearch «.,,nter0 The ncxt char§ give un
idea of where we stana today with respect to our abtlity to develop &na
build winged recantfy v&hiclesql This current abiliiy has been made
s033ible by our past ressarch 1nvestigationsé'aucn &s that Indicat=a by
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the photograph shown a moment ago.

The chart shows tenpersture in OF plotted against a time scale
of calendar years, The upper curve labelled "ReQentry Temperature"
shows, by its doﬁnward trend, how the state of the art 1p agropynamics,
as relsted to the neating problem, has improved over the.past few yeurs,
It reprssents the structural temperatures that would have be=n obtained
auring re-entry at satellite speed with ths bsat aerocaynamic configuceat=-
lons.we knew pow to bulld st the aifferent periods of time, " With the
A=lb.configuration in 1950, for sxample, the nempefatﬁré of the
structurcas  durlng ra=eh£ry at satsliite speea woula ha§§ been SbOOOEn
As time and résearch Progreaséa, we lsearnsa nNow Lé'rsduce'une neat
loaa; and therefore, the sﬁruqburak tehperaturesg'ﬁy cnanges 1n the
aebddyn&mié configuration, .onarply-swepcabﬂék mnrdw:&hapéu wings,
blunt Leading suges sna opsration at high ahgles of attack wapre the
key aerodynaﬁic fesaturss resulting in the reduced nemperaturés
indicated on'the chart,

In & similsr way, the lower curvs shown by its rising trend how
the state of the srt in structures end materials has improved, This
curve representa the temperatures that could bé withatood'by structures-
that we could have built at each period of time, The X-lb structure,
which we knew how'to build in 1955, can withstzna a temperature
somewhat ;reater than 1000°F, Obvicusly, the wide gap bstween the
two curves in 1980 indicates that we were not ready then to bulld wingea

venicles for re-entry at satellite spesed.. ' The X-15 1s not that fast,
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A short time ago thé two curves came together, so ihatAnow the
develonment of & wingamed or lifting vehlicls for re-entry from satellite
speeds 1s just barely possible, We have 1n esaencé a crude "solution®
which makes possible the constructlon of & flight reseafch type of
vhhicle'such 83 Dyna Soar or the lifting c:psule mentioned sarlier
by Mp. Léﬁo

Our Lgnér mission will reqptré_codsidarably more rssesarch,
as the curves on tnis next chart 1ndicateoh dénen;ry from a Lunar
migsion is made at'subapantially greater shan sat;lLICG spsed and the
heat loaas are,‘ﬁne:afbpeg éuch hi hec. Unforﬁunétéiyg it aves nut
appear at vresent that tne reduction in heat input rcesiuiting from
improvements in aerodynamic shape willi continue.&L the sgme rate
as in the past. Ve mhstg tneféforeg look peimagily to improvémencs
in steucture and materials to solve thls provlem at some indefinite
time in the future,

Some progr=ss is being made in this ares, for sxasmpls, with
molybacnuh; Molybdsnum has a high nmelting point and 1s sttractive
for highwtempérature structural applications; providsa that we can weld
It or otherwise fabricste 1t and also keep 1t from burning up at the
hich flicht temperaturss. This requires spplicstion of neat and
oxidation-resistant coatings compatible with tine underlylng molybdenum.
Although some progréss hag veen made ners, tbe i nal solu£ion has not yet
been schieved.

This chart shows two structural "sandwich™ specimens made of

molyhdenum shzet and ccated with # commercilally available product,
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The fact that these specimens were made at all Indlcates that progress
has been made in learning how to fabricate the nrnmterial, The -’
specimen on the 1left has not been tested. The one on the righ%
has been subjected to a temperature of 2700°F in eir, Note that on
this heated sample ths costing has remained intagt except near the
welds. .
CONCLUSICN

To conclude, 1 have tried to show you somei.ing of our advancen
spacecraft research ana technoiogy ana its ‘meaning. Thils acuivity
covers & wias varlety of aroblems réiauing to iaunch ana exitg aéaca
fiigant, turdar snd pléhetary explosgation ano'péméntry into the sapth's
atmosphere, Curcent developments ars pmﬁhihg tne pressnt state of
tné art, but we are confildent that our ressacchh activity will point

the way toward safe, reliable and relatively economical spacemflight-
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