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22 July 1971

1. Hie toriea! Data

(a) Titlt': TIMTION Navigation SatE'11itE T~chniq~

(b) Bri1!f Dl"seription of Objectivt': Tlw primry objE'ctivE" of this Pl'ojE"ct.

initiated in FY 1965, is to dE'tE'l"in the feasibility and dE'velop ~~rimntal

proof for an advanced navigation satE'llitt' systt' using tht' TllTION t('clique.

This goal is to bf r('ache¿ through th fulfillitlt of subordinatE' objt'ctivE's.

such as the launh of E'~~~r~ntB1 satE"llltE"s for rE'al t~ tE"ste usin

E'xpr~nt:l rE'ctiiving equiptnt. ThE Explorator DC!vE"loPfut program was

sucC(ssful in d('montrating the objE'ctivE' of provin thE fE'asibi1ity. and in

FY 1970 the projt'ct was advaiiE'd to thE" AdvauCEd Iæwlopmnt categor. COln-

SurBtE. with entr into Adva~d DE'veloplnt. Advaucc-d DevE"loptf'nt ObjE'ctivE'

(ADO) 34-11X. û..fE'IUt' Navigation Satt'UitE" TecbniqW)sfl. was 1sslU(Ï, which Set

tht' 'objE'ctivf: of dfn01trating th!' utili.ty of th!' tpchn1.que. To tht end tlw

d~f'lo~nt is now dir~ct~d.

(c) Tin Period Conducted: Tlw project was initiatE'd in FY 1965 and is

continuin .

(d) Major Mil~ston~s:

SystC' Concept
April 1964

Project InitiatE'd by BuWeps

Ranging Eiqrin'nt with Trimittf'r in Movin VE'hicle

St'ptE'mbfr 1964

March 1965

Sat~iiitl' System Design Started
Octo~r 1965

Raugin Experimnt with Ti:nsmittE't' in Airlane
NO\lxr 1965

Conept of using Celestial Navigation T~ehiquE's
with SatE'llitE' Rangin

l)c~r 1965
First Space Flight Quali.fÚ'ê Highly StablE'

Oscillator DE'liverE'd
May 1966



lI:

Satf'11it~ and tw Ground Station colRtE'd
(NR and Raymdvil1f'. TE'xss)

TDMTION I Sate 11itt' Launetvd

Initial SatE'llitE' Clock Synchrnizatio

First Fixd Point Navigation

TRT Track Data used for Tri-Sf'rviCt
Navigat io DE'tration

7iJ Transit'%' Denstration fo the HO
(Navl!l ObsE'1'atory Tf. ServiCE)

TUD Tranñr CooperativE' Progam with HOTS startE'd

TÎI Tranft'r cooperative Prram with the BurE'au
of S tanrda, Colorado starud

Movin Navigator DEmotntion with TIMTIO I

Tbt HY (Rangin cosind with Dopp1cr) Navigation
conept conirt with TDITION 1:

RCA S tndy on Cominl. Rangin to Nav Navigation
Sattiiite SystE' ISSUll.

TIMTION II Sau lUtE' ComletE'o

TIMTION II Sa tE' 11it!' Launbfd

First RCA Study on TIMTION SystEm as the DtfE'tlfi
Navigation Sate11it.. System Issued

El£'n TRAT station woldwde tracking TITION II

AOO 34-11X Issued

TDlTION It Trackin Data u8!'d for GE'ode-sy

NAV.AtR Assigtd as Prinipal DE'v",lopot
Activity for AO 34-1lX

RE's.rch and Devt'lopmut Prjt'ct Sumry For DD1634
ISBu("d in lieu of a TE'chnieal DE'vt'lopmut Plan

TD'.ATION III Satf'11itf' Design Started
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NOVE"mbEr 1966

May 1967

J'uu 1967

J\1 1967

OctobEr 1961

Febrry 1968

March 1968

Marc 1968

Jan-Hy 1968

Augut 1968

Jun 1969

Augt 1969

S('pt~r 1969

NovE'mbEr 1969

AprU 1970

April 1970

Hay 1970

Augut 1970

March 1971

April 1971



Signl Modulation Study InitiatE'd May 1971

(E') Dollars and Manpor E~ndE'd (,Bch Fisea1 Year for DirE'ct Laboratory
Support:

fiGS FY66 FY67 FY68 FY69 FY70 fi71

Category II Funds( $X 75.0 847.5 522.0 1813.4 1820.0 377 .0 784.0

Category III Funds(SK)
1348.5 1195 .0

.. . Man YE'ars 1 8 14 38 44 30 30

(f) ~sulting Prducts: The results of this project ha bEE'U primrily

f'~~riintal satellites (TIMTION '8 I and II) s. receivin hardwre i and corrE'S-

pondin experitlutal rE'sults. Tlw majority of results haVE' bE'E'n contaiUEd in

letter end prog~S8 reports.

(1) Forml Repol'ts: Forml NR rE'ports resultin fr this project are

as follows:

NRL RE'port Nunr Title

6389 Transistorized Digital Clock with Serial
Binry-Coded Readout

6633 Rangin an Vt'locity Expri.nta1 Equipiut
6781 The TIMTIO I Satpllite
6928 Inclination Pertuxbations of Polai:-orbit

SatE'llitE's

6824 Metho for Calculatin a Two Point Sinle..Pass
Orbi t

6896 Continusly Visible SatellitE' Constellation
6876 TIMTlO I Ground Station
6861 Ionspheri. Prgation DE'lay Measuremnt

TE'chniquE's Using D1l Phese CohErent Dopler
Frequencies and a Thin Shell Model

6850 Upper Atmplurf' Detlity Determtion using
NR Artificial Sat~ llites
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7227

ThE' Therml DEsign of thE' TDfATIO I Satf'llit!

TIMTION D~ve lopnt Plan

6782

7252 (In Prt"ss) Priniples and TE'cbniqW"s of SatE'llil:
Navigation Usin t~ TIMTlO II Satellite

(2) Forml Study R~pots:

Grun TE'chnical RE'pot MSSR..423..68-9, SatE'llitE' StatioziE'pin
to a PredictE"d Epht"nlris' . Grun Aircraft Enginerin Corporatio,.
Bethpage,. New York dated

RC Rtpot AED..M-3433-1, "Range and RangE'-Rate Navigation Stud
Final Sumry RE'porei~ RC Asero Electroics Division. PrincE-ton,
New dE'rSE'Y dated 5 JunE' 1969

RCA IWpot AED R-3487-1. t~f('nse Navigation Satellitt' Syst("m Study J
Finl Swn Report"'. RC Â8t:E1eetronics Division, PrincE-ton,
New J~rsE'Y dated 19 NovE'mbPr 1969

Re Report /.D R..3632F, l'Navigation Sate.llite' Constellation Study,.
Final Repot' ,. Re Astro Ehctro1ea Division, Princton, New JE'rsE'Y
date.d 29 Jan 1971

RC Repot AEDr-3665-F J 'MediuAlti.tude Navigation Sat("ll11:e System
DEfintion Study'\ RC Astro E1E'ctroes Divisio, PrCE-ton, Nf'w
JersE'Y dated 30 April 1911

(3) StatE'llnt of Results:

Tht' TnlATION I sstt'llite dE'monstratE'd thE principle of navigation by

passivE' ranging. thf. utility of thE' technique for tim transfer, and th('

limtation of a sinlt' carrier frE'qUEncy fo ioospht'ric correction. This

firt satellitE' demotrated thR following findins:

a. The PrinciplE' of Navigation by PassivE' Rain

b. ~he Utility of Passive Rangin for T:l Transfer

c. Instantaneous Fix by eoin PassivE' Ranging with Doppler
tnaSUrElJnts

~ .

d. ThE' limtation of a siile catÎ.r frequency
(no ionospheric correetion)

e. Tlw limtation of a two ovn crstal oscillator for maintainin
accuratt' satellite tim

f. Tht: shift in oscillator frequtêncy with radiation.
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Laboatory-tye ('xpri.ntal equipmnt gatherE'd data from this satellite whilE'

ridin, in aircraft l small bots. and truck, thus denitratin ita fN!sibility
and practicality iu users. These tf'sts shoE"d that rangin is rE'lativE'lY

inensitive to USEr motion WMt"8S doppler 1J8sureIlnts are highly sensitivE'

to motio. llOUver, it was sugg€'ated by RCA/ÆD l who WErE' under a study contract

to NR. that the tw tC'chnqu('s s i.E'. rangE' and dOPPlt'r (rangE' rate), lx combinR

so that a tw dimnsionl position fix could bt obtawd n('arly instantaneously

by simltaUEous llasuretnuta. This mEtho was studit'd, and f'xpE'rimntal ti~'6

ta~n t.o confirm this tt"chniqu('.

Expr:ital wok lXrfortd with tM first satellitE: lE'd tbl way to

d('slin with problem areas, among thE'S£' Wtre ionospheric refraction. clock

syhronization, satE'llit(' stability. and othf'rs. As a result a Becond satE'llit(,

kn as TllTION II was designed and coutructE'd incorrati. lessons lE'arned

fr TIHATION I.

lr SÆ'con satl-llite was iid ove-r t~ first in t~ followin ways:

ll. An imroved gravity gradil?t stabilization bo

h.. Two carrifr frequencies to permt ionospheric corrE"ctiou

c. A. qua4ruple OVE'n crytal oscillator for stable :iat~llite tim

d. A bettE'i: crystal in t~ crystal oscillator

tf,. A larger ptr supply £.or contins operation

Most of the satt'llitt' £utions hae OPErated PEr£ectly, h~vt!r tlure

has DtE'tl Som problems with the poer supplies.. Navigation and tim transfer

data is being taken and is no underanalysia.
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2. sumry of RDæ AetivitiC's for the TIMTION Prject

(a) Nam, and Branch of Laboratory: Naval Rest"srch Laboatory, Space Metrology

Branch (pr('v1ously kn as SpacE' Applicatio Branch).

(b) Brief Description: This pi"Oj€'ct was initiated to dt"trate and develop

an advanc~d naig~tion satellitE' system that could proidE' 4ccurate position. :..' ""

fiid.ng to ineÄ"pt'usive rect'ivin equiplnt and airraft. ThC' first demnstratio

of th(' T1llATION technique was achiE'f'd with thE' T1MTIO 1 satellitE", by which

tbt" prof of poition fb:in by rangin signals from satE'llitt:s was confird.

Tt:StB were! ru with expriintal recf:ivi1l f'quipmnt in fixe statio. smll

bots l light aircraft, and trucl... As error sourCE'S and refiid tEchiq~B wtre

defin('d by the ('xper:illts and studies, thf: iiprovE'nts 'Wer~ incorprated in

t1a TmATION 11 aatellite. The? 'llHTIO II satellitE' was used to first demon..

strate imroved capability. and secon, tht" exp('ri.ntal results w('rf' ust'd to

projE'et, comiuNi with detai1t'd studit's, an 

optimum navigation satE'11it~ aystei

that !!ets or t'xCE'eds all the X'E''iuireJluts of the JCS Navigation Rcquirt'uts

published in 1968.

(c) Ti. .and Period conducted: The projE'ct was initiated. in l! 1965 and is

continuing.

(d) Fund in Bre akdown in $K:

FY65 FY66 FY67 FY68 FY69 FY0 FY71 FYn

Category II 75.0 8i,,7.5 522.0 1813.4 1820.0 317 784.0 831.0

Catf.gory lil
..- 1348.5 1195.0 4178.0

(e) l1anpE'r R('quired:

FY65 FY66 n67 fi68 FY69 FY70 FY71 FY72

,~

Man Y(';nS 1 8 14 38 44 30 30 32
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(f) S~ciai Equipint .Rquire-d: Various fo of sp(c!al ~~uipmnt haVE' bPE'1t,

and contiI1 to b( t rt-qufrõ for this project. ThE' most sigificant of which

has hEE'n th.. f'xperiintal satellites. TITIN;8 I and U. ~sE' 8a~11itE"s

trantlt ranging signls at 400 MHz (TDiATION I). and at 150 and 400 MH

(TnfATION II).. The' transssi.on are eontrol1Rd by highly stablE quz .crytal

oscillators devf'lOPfd E'specially for thi appliction. S~c1al receiving E'quipin1

was rE'quirE'å to receivE' and evaluate thE" eatE'lllte signls. Â brassbe 40 MHz

WJE'r receiver wss built and is currently undE'rgoin ('aluation with TDTIO II..

(g) Relationahips with OtIir Organieations: ThesystE' that eold rE'sult fro

this project is a candidte for ~eom the DefensE' Navation SatellitE' System,

which is under considE'rat1øn by thE' NAVSG (Nigation Satt!11itE' EXt!cut1vE' StE'£frin

Group). Th£" liAVSG is e.xniog and cordiiit~ navigation satE-lILt€' prjects

throughout tht:, Df'partmPnt of DE'fE'11(l, an maintainin liaison with othtr dt-part-

Iints and NASA. This Project is .cordinatt-d through th NlVSG. and is coordinted

within tlit' D('partmnt of thE" Navy by Nsv Spac(' ProjE'cts OfficE'" PM-16.

(h) Coml~tion Datt": 1'~ comlE'tion datE' of this dE'vE'lopmnt phaSE" is based

upon th€' projC'ct requirE'iiut ADO 34-llX. 'ThfE'IlE' Navigation SlitE'llitE' 1'E'cbniques fi,

and is projcct~d as Ft1977.

3. Sumryof Utiliztion of Tpst Ranges by thE' TIMTION l'JE'ct

(a) Utilization in FY1967

(1) Natur and Seop£' of Oat': The TIMTION I satE'111te wa launehEd fr

the W('stcrn 1'(,8t RanE" un1rr SESP (Spac£, EJll!timnt Support Prram.. Th satE'llite

was launch(' as li st'condary payload on anothr projE'cts launch vehiclE. Thl"

satE'11itt' was dE'livt'r('d colE'tt:, intE"grated with tlw vt'hicb', and 1aunchEd.

(2) Funding: Launeh VE'hiclE" cOats wert' aupprtE'd by SESP and only minor

integration COSts ~~re UEceasary fro th~ satellitE" E'xpt-r~nt('r.
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