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VOR TESTS WITH
50-KC FREQUENCY SEPARATION

SUMIIARY

This report presents the results of tests conducted by the
Civil Aercnautics Administretion Technical Develcpment Center to detesymine
the interference between two VOR Iacarlities operating 50 kiloeycles apart
vhen using two npvaigation receivers hovang different selectivity character-
15tics. These tests andicate vhet the amount of interference between two
VOR's heving o frequency sepsration of 30 kilocycles will be affected by
the geographic separation of the ground stations, the altitude of the arr-
croft, and the receiver selectivity. The maximum altitude Flown during
these tests was 15,000 feet.

INTRODUCTICN

The continuing inecreasc in the number of VOR instellations in
the United States has resulted 1a a decrease in the uscble distonhce range
of some VOR Tacilities because of the interference that coccurs when two
facilities operating on the same frequency do not have sufficient geograph-
1cal scparation. The problem becomes more scute as morc airrcraft fly at
higher altitudes.

At present the VOR chrrmel frequency separction 1s 100 kileeycles
{ke). It has been proposed that the separation be reduced to 50 ke. Thas
report presents the results of tests conducted duriang March 1956, at the
Technical Development Center (IDC) to determine the feasib:lity of reducing
the VOR channel freguency separation.

RECEIVING EQUIPMENT

A Collins 51X1 communication recelver was modified for VOR
reception and used in thesz tests. 4 two-stage resistance-capacaitor (RC)
filter was connected i1n the automctic-volume-control (AVC) cirtuit of the
recelver to eliminecte errors cecused by feedback of the 30-cycles-per-seccond
(eps) signal to the radio-frequency (r-f) end intermediate-frequency (i-f)
stages. 1s0, 2 shielded lead was connected to the delecvor circuit for
the purpose of feeding the dotected signal to the audio carcuit of s
conventional Collims 51R3 navigation receiver.

LABORATCORY TESTS

The course sens:tivity characteristics of the modified 51X1
receiver and a 51R3 receiver are shown in Fig. 1. Figures 2, 3, and 4 show
the selectivity cheracteristics of the modified 51X1 receiver for no modu-
lation, 50 per cent amplitude modulation at 1,000 cps, and 50 per cent
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ampiitude modulation at 10 ke, respectively. For these tests, the AVC
voltage was maintained constent and the frequency and output level of a
Beonton Type 211 signal gencrotor were varied.

Tizure 5 snows the inbterference characteristics of the modified
51X1 rceceiver for two VOR signals having different frequency separatioas.
Thas 1s plotted o5 the decibel ratio of the undesired to the desired signal,
which produces o course deviation indicevor (CDI) error of plug or minus 1°.
To cbtein these data, two Type LT795-211 teat generctors were connectad 1n
parcllel octoss the i1nput of the modified 51X1 recelver. The cutput of one
generator was molnbcined coastant at 118.00 Me at a level of 10 microvolts,
.nd the freguency and output of the second ;enerstor were varied to produce
a pius or minus 1.0° course var.ation in the iadaceted peoring produced by
the signal frcm the first generctor. In order to obtein the mexamum indicated
ercor, the power supply for one Type 4735 zenerctor was obteined from an
oscillctor-saplifier unit, the freguency of vhich was adjusted to approxi-
metely 59.7 cps. The normal wigzle-Tilter damping 1n the CDI circuat was
reduced te cobtain o maximum andicated errvor. A4 General Radio Type 1213-1
crystal oscillator served as o rodio frequency stendard. Figure 6 shkows
the interference characteristic when the freguency was adjusted to 118.05
Mc. The interference choracteristic of a 51H3 recelver when tested under
simalar cond-tions 15 showvm in Fiz. 7.

FLIGHT TESTS

Since the lowest frequency channel of the 51X1 receiver 1s
133.00 Me, 1t weos necesscry to conduct the interfercnce tests cutside of
the VOR firequency band. Th.o Tilden, Ind., experimeatal VOR was adjusted te
operate at 118.00 Mc, and o portable TVOR unit located =t Arcola, I1l.,
(100 mies west of Tilden) wes sdjusted to operate ot 1:8.05 Me. Both
stations were adjusted to 50 watts output. The Talden VOR was operated
from a commercial 60-cps power supply and the pertable TVOR was operoted
from a gzasoline engine generator unit at o frcoquency of approximately
59.7 cps.

Fizures 8 and 9 show the results of the flight tests when both
VOLi's were operating at 50-ke sepnoration and using the modified 51X1 receiver.
Flaghts were made at various altitudes on a course between the twe stations.
The average useful range of each station was spproximately 80 per cent
of the distance from either station. A variaticn of plus or minus 1.0% in
the indicated visusl coursc of the desirced station, caused by the interfering
station, was used as a measure of the usable distancce range between the
two VOR's. BSimultanecusly, during these flights o 5lR2 receiver wos 1n
cperation and tuned to 118.00 Mc. The useful range for each stetion when
using this receiver wes found o be approximately 30 per cent of the
distonce from eather stotion.

In order to compase 50-lte¢ separation with 100-ke separation when
using a normal 51R3 receiver, simlar flight tests were conducted with the
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Tilden VOR operating at 115.7 Mc s£nd the cormissioned Covington, Ey. (CVG),
VOR operating ot o frequency of 115.6 e, 100 miles from Tilden. Both
staticns were operated at an output power of opproximatelw 150 watts
Figures 10 and 11 show the resvlts obteined during these flight tests. The
avercge useful range of each stalion was approximctely 94 per cent of the
distonce from either station.

DISCUSSTION

During the lsborstory and flight tests wath 50-kc freguency
separotion, there wos evadence thot the haimonics of the 2,96-%c subcarricr
signal couscd o derrogation in the expectod selectivaly chsracteristics of
the system. It wos indicated thet, by reducing the harmonics of the 9 96-ke
s2gnal radiated from VCR stetions, the results obtoined using o Type 51X3
receiver for 50-kc VOR separction would be simicr to the results using a
51R3 receiver and 100-kc VOR separation. There was nc evidence that reducing
the harmonics of the 9,96-"c signal weuld improve the interfeorence
characteristics of a 51R3 receiver for a 100-ke VOR separction.

CCNCLUSIONS

1. The useful renge of adjacent VOR stations, operating at a fregucncy
separation of 50 e, was extended from epproximotely 30 per cent of the
spacing between stations when using a conventicnal Collias 1IR3 recelver
to approximotely 80 per cent of the spacing between stetions by using =
modified Collins 51X1 receiver.

2. A receiver huovang o selectivity characteristic simiiar to the
modilied Ceollins Type 51X1, but wath improved scnsibivity end o better AVC,
should be a sctisfactory VOR recciver, should the VOR choumneling be changed
from 100-ke to 50-ke separction

3. With a reducticn in the harmonies of the 9.96-4c signol =t VOR
stations operating ot a 50-kc¢ separction and by using lmproved receivers
samalar te the Cellins S51X1, the results cobtalned should be similar to the
results cbtzaned waith a Collins 51R3 at a 100-ke separation.

k. The sliocation of frequency channels on a 50-kc basis 13 &
techniecl solution to the problem of meknp wore VOR ond ILS channels
avallable. This would increase the number of chaemmels from 100 to 200 in
the 108- to 118-Mc bend. This sclution requires the use of naxrow-band
reccaivers with charscteristics equivalent to the Collins 51X1 receiver.
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