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IVTLODUCTION

In veptemoer 1950, the Technical Development and Zvaluation
Center wnstalled the first Terminal VE" Qunaranse (TVOR) at the 'leir Cook
unicapal Alrpord, Indianapolis, Indrana. The evpress purvose of thas
project was to develop a lor-cest, lor-power VOU vhich could be located
tithin the boundary of an airport, rhich covld be used as a low-approach
navigational aid; and vhich mipht be procured, inslalled, and operated by
31rlines or municipalities at certain desired terminzls as the need arose.
The TVOR wao primarily intended for vse al airports vhere the traffic
density 1s too small to justasy Lhe installabion and .waintenance of =
complete instrument loanding systen (TL:)e

The successful results oblained i1n the Indianapolas tests led
bo the furiher performance testing of the TVOR at several cther airports,
and 1t was concluded that the TVOR cen he an exlremely useful azd 'n the
fpurdance of axrcraft to or from an «xrport, 1n low approaches co the
f1eld for landing, and as an accuratc rix or holding aid.

The limted fvnds granted to the 0ffice of Tederal Airrays [lor
installation and mawtenance of TVOR facilitres precluded their install-
ation at nunsrous airports rhere they +rere nceded. Realizang the neces-
stuy lor more TV(R stetions, vhe Avr Transport Associetion nroceeded to
asserble a low-cost TVOR thab uie incdaivaidual 2irlines could purchase and
1nstall at de:ared btemainals. ilohauk firiunes of Tthaca, Mev York, was
tne [1iret airline to inrtall » TVOR vader the ATA prosram for praivate
ooeration and raintenance.

Operatzon of the Ithaca TVOR bhas been very unsatisfaclory, and
tire facilaly was approved Ly cvhe Qffice or Federal Airvays for use only
on anproaches in line sith the airoort rurmmray. At the request ol The Aar
Transport Assoclaticon and Iloharn: firl_nes, TDLC investigated the Ithaca
IVOE to delermine the cause of its exncessive bearing errors and generally
unsatisfoctory operataion. Accordingly, tro TLLC engineers were dispatched
to Ithaca, l'er York. Thas report covers the brief investipation from
June 16 1o 20, 1953,

LQUIRICNT

The I'ohauk .._rlines TVOR snbtcnna cystom consists of a Type 2602
L1ford Slot antenma mounted at the center of a counterpoise apprommately
cipht feet in diameter and four [cet above the yround. The enclosed

1T, S.7Jomnell and S. K. Anderson, 'The Developnent and Testing
of the Terminal VHF Ormirange," CAA Technical Devel opment Seport not yet
rublished,
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space beneath the countcrpoirse heuses a S0-matt Tilcox Aleetrac Company
transmitter, a llaryland flectronic Lanuizcluriag Company modulation elim-
inator, a CAA Type C8-1337-4 goniometcr, and a Ci. Type CA-1277 VOR
monitor,

In comparason to the Ithaca TVCR, the CAA standard TVOR con-
sists of a counlerpoise 12 feel in diameter and 10 feeb above Lhe ground.
L four-loop intenna array, developed st TLoC, 13 mounled at the center
of Llhe counterpoise miath » nlastic dore shelbter protzscting the antennas
erd cables from the ‘eatner. The enclosed space Leneath the counterpoise
hoases component equanment simliar bo that of lhe liohawk airlires TVOR.

In addation to the CAA momiter equiment insinlled au tie
livchawl: Arrlines TVCR, the TULC supnlied a CAA Type CA-1h30 phose standard
and a C'A Tyoe 2559 oseilloscope [or use in the bests described in thas
report.

TESTE

The 30-cycles per second frequency modulat-on of lhe 2.96-
kilocyele subcarrier 15 Lroun s the refcrence-phase sirnal. The
referonce=phase sipnal has a circular radiation paltern of constant
phase at all azymutlis. The 30-cps modulats on produced by the rotat.ng
figore-of-e1rht pattern s lmom as the variable~phase signals. The
phace angle of the wvaiialle-phase signal varies directly 'nili azinubh.

The tone ~hecl producing the reference-plase modulalion and the ponvomeler
producing the variatle phase moculation cre driven by the sam. synchronous
motor.

The iritial teot -ras conuucted without any adjustments at vhe
station Lo ectallich the onerating bearing-error curve of the stotions
Otakes mere araven anto the ground ab a radius of apjroxamately 100 fect
Trom the cenler of the antenna and spaced at 15° intcrvals. 4 portable
fielid prcii-up unid, desipgned to Le used vibh a CAu monmibtor, was used to
ocble .y calibration dala at =ach stake. The bearing-error curve derived
fron these data 1s shown 1n Fig. 1.

4 comparative Learing-error curve was made by measuring the
phase of Lne wvariable-phasc signal wralh the phase standard. The variable-
phase signal was baken from the veriable-phase channel of the monitor
(this may be obbtained directly from the output of the portable field
piclk-up uml) and fed to the vertical a.plifier of an oscilloscopes
The phase-standzrd output as conmected to the horigontal amplilier of
the same oscillcoscope. The phase vas read on the phase standard when o
linear trace wes obscrved on the oscilloscope. £4An error curve was
derived from the difference betveen the phace-staadard reading and the
known azimuth warked by the stakes. The 10-kc reference-phase modulation
does not affect the Learing error with this method. Filg. 2 shows the
»gsults of this melhocd ol deteimining the bearing-error curve,
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A comparaicon of Mys. 1 ond 2 indicebes & aniinum bearin-error
spreaa of about 11° viuh a defin lely defined duantal snape. This duantal
suape of the bearing-error curve may e Lhe result of an undesired mod=-
unietion of the carrier, whach sould cambine vectoraally with the variable-
phase signal. Another possible sovrce -thich mght produce a dusntal-
shaped beariag-erior curve 15 an undesired hum enlering Lhe phase-
meisrrin carcult of ihe monitor. The monibor was suspected as the
logical sorrce: however, a furtler test shored thet the monitor vas
ocperating satisfactorily. 4 sigral tras laken darectly from the portable
T1iela nic.-un unit befors enuwerirg the moritor, and a bearing-ercor
curve mas oblained by candarang lhe varzable phase —ath Lhe phace
clanderd. The bearing-error curve obtoined tath Lhe wonitor compared
lfzvorably aih the bearing-error curve obtazned directly froir the field
Pacu=up, lherciore, 1t 1rac conclvded thav the wonitor wa. nol the cause
or T2 dvantal-shaped error curve,

4 ground check of the clation was made to determine tthether
sroper modulatien levels ond radio-Ifirequency phasing were being mornlowed.
1ac v-riable-phase nmodvlalion was very close to Lhe correct vaiue, 30
pce caab; boucver, the 10-ke bone=rhecl wodulalion mas measuied at 45
ocr cenbs This 10-ke medulalion wacs :soduced bto 31 per conts Ffu oxan-
metion of the moduletion~elumnabor oubout revealed [ per cenu modula-
tion romaini iy on the carrier fed to thie gonvometer. Taive wer cent as
con.aderzsd tae upper lunt for calwslrcbory operataor of a 1'Vil.. The
tubes vere replaced 1 the nicduiat. cn elimwnator and the umt +-as
retuacc . Jith bBhe 10-ke tone-iheel modulation set at 30 per cent, ihe
reeducl woedulation was veduced to 2 per cent, vhich is norm al.

FLhe 3 shows the celibration-error curve of the stat.on after
comieting the ground check and ad;usiment. A comparison of Migs. 1
ard 3 uill chos the efieet of hoving ithe 10-ke tone-theel modulaiion ot
& value sreater than 30 per cenl. The moduiation eliminator becores
les~ ¢7 eclave, and 1t 15 not able to perform the function intended.
The small amount of duantal error rereinzng in the bearing-crror curve
indicales that Lhe agh teme=heel modwlalion level and poor ooerat.on
of ‘he modulation elumnator were rot the entire cause out did contribute
the rreater amount of ercor.

Upon analyzing Lhe oubtpul of the transmitter -mth on oscillo-
scope, aporoximetely 1 1/l per cent oi GU-cps modnlatlon was nobtou. A
capacity of 11 wnpcrofarads was placed betwecn the high voltage oulpui
and the sround. Tias lowered lhe €0-cps moduletion co approxmately
1/l 0f 1 ver cont. The 60-cps modulabion may coreine ucrth Lhe 3U-cps
varial le~nnase signal to prounce pert of the duantal error of the bearing-
croor curve, To substantiate this, the transmitler wzs replaced milk a
Cin Tyce TUQ transmtler sunplied by TLLC. The station was cou pletely
retuned armd o bearin,-error culve vas talen. Fig. L) shous Lhe resuvte
af ihis test.
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The bvearips ~crror curve of Fig. L shore a spread of 3.ho, and
th¢ eurve has an octantal shape. Yrevicus lLests conducled at simlar
slacions wiang ALford wrtennas indicate that thhs octentol shane is normal.
Tue octantel shape 1s ceused by ithe devaation of the figure-of-eight side-
band vatterns from that of 2 sine vave. A bearing-error spresd of 20 has
beaa cbtained, houever, wiln the figure-ol-eLght deviataions ossocisted
wwrth tiis type antenna.

Luring the firsl tests corducted al ihe station, 1t ras noted
that e stub tuner of the modulation eliranator had to be resct several
wines betreea tests, The replacement of the tubes ond, eventually, lhe
ren_acement of the modvlat.ion elaninator inth a spare uwnit failed to cor-
ceet toe Lreoubles The unstable cowdliion necessibalen rephasing of the
s1lael ends-to-carcier for prooser ooserabica. Prior Lo rephdsing, a measure-
icnt of Lhe vuriable modulstion chored a change from the normal 30 per
cent Yo a value between 15 and 25 per cent. The change could be attributed
to exther a chonge n antenna characterisvics or to a freouency shafl in
the transintbter. Jetuning the stub buner ancd rephesing the sidebands-to~
corrier usually relburned the variable modulation to normal.

.- Tinal beer_ng-error calrbratiom of the monitor 'ras in progress
vhien anobther kind or 1ncbabolaty -ras observed. [ Muriher check revealed
1hab the wvar_able modalztion had increased to 50 per cent and lhal the
s1dchaxtis=to=-carrier phasing had changed aporoamately 15°%. The stub
vimer of the nodvlation elimrnalor vas net out of tuie. A bearing-error
curve vas Lalen. This 1s shum m 1(. 3. Tt 18 believed that an internal
cienge of large mapqtude hod talen plece wu the antennas. A study of 7ige 5
sno s that the bearing-crror curve is quadrantal in shape, indicating an
inegrality i tae ciwe of the fipgure-of-eight patterns. This was nol cb-
servec dumn, the preceding tests. The 1nequal.ity of the ligures of eighb
oald produce mar umum error at caca cordinal dlreclion, Since the Alford
onberna ha. been cbeerved fram previous tests at this Center to chance 1n
this manner becaucs of rain, no further tests were conducted at Tthaca,

CONCT,USICHY

1. Obsarvations indicated that the tnbes of the moduvlation
eliminabor weie in need or replacement.

2. The L5-per cent, 1C-ke, lone-rheerl modrmaiation overloaded
tne modulation elimnator, s¢ tLhab 1L did not operale proverly.

3. The anlenna 1s not adequatcly sealed azainst moisture and
15 caslly effected oy moreture and hunidity conditions.

L, The avdio~recpon.e curve of the trancmatter 2185 not flat
betireen 92,000 and 11,00C cps. £ certain amount of slope detection of
the 10-kc modulation places o 30-chs amplitnde modulation on the carrier.
Thas condaition increases ithe marnitude of ilie duantzl bearing-error curve.
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5. The amplitude modulaticn of the tone-vheel signal was
accentunted by the transmitier audro-input ecircuitry, causing a chanpe
From lj2 Lo 9.2 per cent,

G. 4 chanre 1n olerat ng constants tcok place 1nterattently
lor no apparent reasonjy that 1s, the variable-nhase modvlaticn chapges
Tro . 30 bo 50 per cent, the modulation-elaiminator stub tuner recuired
reluming, and the r-f phase bLewvrween the sidebands and the carrier
necessitated resetting, A substitvlion of the spare nedvlation elimp-
~uator for tne ene un service farled to alter the »nbermitbent favlt,
The antennd -jas suspechbed, but a weasurement of tne vI.g for all three
tnpate andicated that bhis -ras wnlilely.

7+ A large chauge in operatang constants srath no casnZe an
rednlation-elaminabor stub tuner took plice immedintely follomng ine
recordiag of & very savicfactory bearnz-crror curve, 4 quadrantal
Learing=error curve was noted after the station war retuned to normal
condztronss Tt 15 believed that faulty operation of the anlenna .s
responoible lor this chanre.
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