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EVALUATION OF THE COLLINS TVQOR

SUMMARY

This report describes the evaluatlon of TVOR equipment
manufactured by the Collins Radio Company. The evaluotion was conducted
at the Technicel Developm=ant Center of the Civil Aeronautics Administration,

Indianzpolis, Indiana.

During the eerly part of the evalus*tion, bearing errors varied
between #0,5 and *2.4°. Loose bolts in the antenna assembly caused this
bearing instebility, After all loose bolts were eBzcured, the bearing-
error meesurements dld not exceed #0,65°, end no further bearing
insteh " 2ly wes noted.

A meximum polerization error of *1,26° was measured with ground
eqripment, vwhereas a maximum error of +0.5° wes observed in flight.

The "cone" (region directly above the station) was well defined
except for erratic excuraions of the course-deviabion indicator In the
region of the 22° and 55° nulls of the verticel plans-radiation petiern,
The elevation angle of the cone was 22°, The T0-FROM indication wae
satiusfactory as the aircreft passed over the station,

The counterpoice diameter was extended from 12 to 35 feet in an
effort to improve the cone characterietica. The large counterpoise elim-
inated the null at 22° and changed the elevation angle of the cone to 55°.
This was a desired improvement in cone characteristics, but the polari-
zatlon and bearing errors lncreased, An increase 1n the height of the
entenne cylinder was effective in reducing the polarization error at 112,9
end 117.7 megacyclee (Mc), but caused an inerease in the error st 108.0 Mc.
No further atitempts were made to improve the bearing accurecy.

INTRODUCTION

A preliminery flight test of the (folline TVOR installed at Cedar
Raplds, Towa, was conducted during 195k.1 At the request of the CAA Office

Lmomas 8. Womnell, Robert B. I'lint, and Arthur E. Frederick,
"Preliminer; Evaluation of the Collins TVCR," CAA Technical Development
Report No. 256, November L Y3k,
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of Alr Navigation Facilities, o more extensive evaluation of the Collins
terminel VAF cmnirange (TVOR) was conducted at the Technical Devalopment
Cenler from April 1955 to April 1956, Measurem=nts of bearing accuracy,
polarization error, erd cone charactevistics were made dwring the first 3
montha of the evalualion. During the followlng O months, measurements were
made to determlne the effect of extending the cowmterpoise frem 12 to 35
feet in diametsr on cone characteristics and pe.arization error, Modifi-
cations also were made Lo the antenna in an effort to reduce the polari-
zaticn error which was higher with the larger counterpoise, This report
describes the tests conducted at the Technical Davelomment Center (TDC).

TESCRIPTICH

The Collina TVCR 1s a packaged equipment consisting of an antemns,
countorpoise, eguipmend, skelter, transmitier and assccleted apparavus, and
a mor, tcr,. The anlenmna consisis of a rotaving dipole enclosed within a
slotted melel cylinder 3 feet, 10 1/2 inches in dfemeter and 9 feet, 5
inches high. "The cylinder has 12 verticel slot radiators fed in phase to
radrate the carrier, The spinning dipole supplies the rotating figure-of-
eight sldeband paitern, The anlenna is placed at the center of a 1l2-foot-
diameter couaterpolse, Extending radially from the counterpoise peripkery
are 32 equally spaced rods which can be edJusted in length to minimize
polarization error. A mechanism elso is included for turning the antenna,

The equirpment shelter consists of a corrugated steel cyllinder 10
feet in diameter and 8 feet high which supports the counterpoise.
Figure 1 is a view of the equipment shelter and antenns, The wooden siruc-
ture shown in Fig. 1 supported the counterpoilse when it was extended from
12 %o 35 feet in diemeter.

Figure 2 is a view of the rack-mounted TVOR equipment, From top
to bottom the units conteined in the rack are modulation eliminator, moni-
tor, local control, transmilter, and transmitter power supply and module-
tor. The transmitter, using a LX1504 radial-beem tetrode, delivers 50
watts of radio-frequency (rf) power. Included in the local control unit
1s an automatic voice-identification system employing a magnetic drum.

The remalnder of the rack-mounted TVOR equipment, with the exception of
the monitor, i1s of conventional design,

The monitor circuits are an adaptation of the Collins navigation-
receiver circults. The resolver (azimuth selector) 1s repleced by & step-
type reslstence-capacity (RC) phase shifter which provides 8 courses at
45° imterveis. An azimuth-increment dial. provides a vernier adjustment of
£2.0°, The wonitor-alarm eircuits use Sensitrol relays shunted with fixed
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resistors and factory-adjusted to cbtain sensitivities in accordance with
ICAO standards, The monitor employs a remote Collins VCR aircraft receiv-
ing antenna connected by coaxial ceble to the detector circuit contained
within the monitor proper.

GROUND MEASUREMENTS

The bearing esccuracy of the Collins TVOR was determined by the
ground calabration method developed at ™C.S A Type CA-2943 VOR portable
fleld dstector positioned at 20° intervals at a radius of 100 feet from
the TVOR, a Type CA-~1277 VOR monitor, and e Type CA-1430 VOR reference
and variable test generator were used for bearing-error measurements.

The magnitude of bearing errors measured during the first two
months of operation of the TVCR varied from *0,5° to #2.4°, The erratic
operav.on wos caused by laoocse bolts in the antenna cylinder., The curves
in ¥ig. 3 1llustrete tke maximum and minimum errora obtained during the
period of erratic operation, demonstrating the effect on bearing stability
of locse bolts in the antemna cylinder, After all of the bolts had been
tightened the operation was stable, end the maximum bearing error of the
station was 20.65°. See Fig, L.

After bearing stability had been achieved, the station was
modified in an effort to improve the cone charascteristics., The first mod-
ification consisted of extending the counterpoise from 12 to 35 feet in
diemeter, Two later modifications consisted of decreasing the height of
the antenna by 19 inches and of increasing the height of the antemna 5
inchea over the origlnal height, The bearing-error measurements obtained
after modifications to the counterpoise end antenna sre listed in Table I,

Ground measurements of the polarizetion error were made with a
mobile polariscope.3 The antenna for this aeries of measwurements differed
from the original entenna used on the portable polariscope, inasmuch as the
two dipoles mounted at 90° to each other in the same vertical plane were
placed 19 inches in front of a square eluminum-sheet reflector. The
antenna and reflector were mounted on the side of a truck, masking the unlt
completely mobile,

2Robert B, Flint and William L, Wright, "Ground Calibration of
the VOR," CAA Technical Development Report No. 227, October 1955,

3Suerling R. Anderson and Wendell A, Law, "The Meesurement of VCR
rolarlzation Errors,” CAA Technicel Development Report No. 202, May 1953.



i

Polarization measurements were mades et a radiuvs of 500 feet from
the TVOR and =t inlervals of 20° throughoui; the 360° of mzimuth. The max-
imm polarization error measured was *1,29°, The extended counterpoise
caused an increase in the polarirzatiom error, Efforis to minimize the
polarization error by vavying the height of the antenna vere successful at
112.9 and 117.7 megacycles (Mc)., Table I contains taoe maximum polarization
error measured under the various conditions,

TAETE I

BEARLVG- AND POLARTZATION-ERRCR MEASUREMENTS
OBTAINED BY GROUND CHECK

Antenne Condartion Frequency Maximum Errors
(megacycles) (degrees)
Bearing Polarization

Originel anwenmna with
12-foot-diameter counterpoise 112.9 +0,.65 1,29

Orig:al antenna with

35-foot-dicmeter counterpoise 108.0 $1.15 2,0
112.9 30,9 £1.h
117.7 $0.55 2,0

Antenna height decreased 19 inches,
35-foot=-diameter counterpoise 108,0 +1 .2 3.6
117.7 11,55 3.0

Antenna height incressed 5 inches
over original, 35-foot-diemeter

counterpolge 108.0 - 12,7
112.9 - 1,36
117.7 - 1,15

MONITOR OFERATION

The evaluation of the TVCR monitor equipment included the
following tests: effect of rf pickup by the monitor antenna transmission
line, scalloping produced by the monitor antenna, and the effect on the
monitoi i1ndication of vehicles near the TVCR,
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To determine the effect of rf pickup by the coaxial cable
connecting the moenitor to the antemna, the coaxial cable was placed on the
surface of the ground between the monitor anteras and the TVOR. Any move-
ment of the cable horizontally or vertically cauvsed variations up to :,75°
in the indicated course, Moving the cable inside the TVOR shelter caused
up to *.25° shaft in the indicated monitor course., These shifts in the
indicated monitor course are believed +to have bzen ceused by rf currents
floving on the ouler conductor of the coaxial cable. Because the monitor
enterna cable generally is buried underground, the meximum shift in the
indicated monitor course caused by movement of the ceble or other cables
near it in the TVOR buliding would not exceed +,25°,

Tests to measure cQurse scalloping caused by the monitor antenna
were mede by moving the monitor antenna through an arec of 180° at constant
radil of 75, 100, and 125 fee}, while recording ihe couwrse deviation inda-
cator (CDI) current at a distance of 700 feect from the TVOR. The CDI cur-
rent waz recoidad woisg a Collins 51R3 navigavion receiver and Esterline
Angus recorder, The course recorded at an azimuth of ¢° and at a distance
of 700 feet was 0° when the monitor anterna was removed, Table II shows
the magnitude of the scalloping with the monitor antenna et verious dis-
tances from the TVOR. When the monitor aantenna was 10 feet high and 75
feet {com tze TV, the required output level was obtained, At greater
distances the output was considerably below the required level, The CAA
Type CA-1278 VOR field detector and the CAA Type CA~3410 counterpolse
detentor used for monitoring commissioned VOR facilities cause less than
10.2° course scelloping. Mounting the Collins monitor antenna at a dis-
tance from the TVOR so thet the courae scalloping was below #0.2° resulted
1n wsufficient output for proper monitor operation.

The Collins Type 37J-3 aircraft antenna used for the monitor
antenne has very shallow nulls in the figure-of-eight horizontal-plane pat-
tern, This characteristic of the antenna causes 1t to be susceptible to
roflections from vehicles passing near the antenna, especially in the
vicinity of the nulls, The reflected energy from the vehicle will contain
course information which is out of phase wich the information received
directly from the TVCR, This results in a shift in the indicated course
hy the monitor. A vehicle passing or stopping within 20 to 40 feet of the
monivor antenna caused sufficient course shift (more than 1.0°) to actuate
vhe meartor-alarm cirvcuits. This characteristic of the Type 37J-3 antenna
13 undesirable because maintenance vehicles, mowing machines, or simllar
equipment frequently may be near the TVOR, and they could cause operation
of the monitor-alarm circuits.
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TABLE II

GROUND MEASTUREMENTS OF COURSE SCALLOPING
WITH MONITQR ANTENNA 10 FEET IFIcH

Distance Scalloplng
(Variation of Course

from 0°)

feet) (degrees)

75 0,23

100 0.2

125 0,135

FLIGHT TeS[S

Flight teats of the Collina TVOR with 12- and 35-foot-diameter
courn’.cpoizes were condicled to determine polarization errors, cone charac-
teri~iics,; nad distamce range. Polarmzation-error flight checks were con-
ducted al an altivvde of J000 fect and at a distance of 10 miles north of
the stalion. While recording tae CDI current, the aarcraft was flowm on 8
diffevent headings, crossing a ground checkpoint at every 45° heading to
determine heading effects, The course recording was marked each time the
airplane passed over the checkpoint, and the indicated bearing then was
compared with the magnetic bearing. The zero-reference point in each case
was taken as the heading toward the station., The wing-rock test was mede
as the aircraft banked #30,0°, the nose of the airplane being held "on
point' during the maneuver, The CDI current then wes converted to degrees
of cou-se araplacement, The results of these tests are laisted in Table IIT,

Cone characteristics were determined by radial flights wath
theodolite guidance over the atation at 5000 feet above ground, The
verticsl--plane field pattern plotted in Fig. 5 18 indicative of the
recel rer-innut voltage variation with elevalion angle for a constant dis-
tance from wie TVOR anterma., A recording of the CDI current 1s shown in
7ig. Ta It will be observed that the nulls in the vertical-plane field
pettern at elevation angles of 22° and 55° caused considerable disturbence
to the CDI. The cone of a VOR is defined as beginning when the CDI devi-
ates beyond 2.,0°, The cone elevation angle of the Collina TVCR was 22.0°,
Ine recording of the TO-FROM indicator current shown in Fig, 9 revealed one
rapld movement of the indicator from the TO position to the FROM position,
providing a preclse check ams to vwhen the aircraft was directly over the
station,
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FLIGHT TESTS CF POLARIZATION FRRCR AND CONE ANGLES

2 Antenna Frequency of Polarizatlion Errors Cone
Condit.cn Operation Wing 8 Weys Elevation
Rock Over Point Angle
{megecycles ) (degrees) (degreed)

Original antenna with
l2-Tnot-diametier
counterpoise 112.9 +0,25 0.5 2

Original entenna with

35-foot=diameter
counterpoige 108,0 0,25 - -
112.9 +).75 *1.8 35
llToT ttl.l‘- - =
Antennea height decremsed
19 inches, 35-foot-
drameter councerpolse 108.0 1.1 1.5 55
Antenna height increaged
5 inches over original
length, 35-foot-
dlemeier counterpoise 108.0 - - -
112.9 1.4 - 55
117-7 - - -

The counterpoise diameter of the TV(R was extended from 12 to 35
feet t5 determine the effect on cone characteristics, There was no null in
the vertlcal-plane field pattern at the 22° elevation angle, but a shallow
null eppeared at 15° elevation as illustrated in Fig. 6, The CDI recording
was Improved considerably inasmuch as there were no course disturbances
until an elevation engle of 55° was reasched &s shown in Fig. 8. The TO-
FROM indicator recording shown in Fig. 10 8+ill provided e precise check
wien the aircraft passed over the station, although there was some roughness
at elevation angles ebove 55°,

The distance range of a TVOR is defined as the distance in statute
miles Trom the station at which lae course width in degrees becomes double
the couvrse width measured at 10 miles, This test was conducted at an
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altitude of 1000 feet ebove ground. Circumstances did not permit a
distance range of the TVOR %o be made while operating on the 12-foot~
diameter counterpoise; however, a previous flight check of a Collirs TVCR
indicated a distance venge of 70 miles. This distance range is consider-
ably greater then the disiance range generally cbtained from a VOR, Thia
indicates the’ wusual VHF propagation conditions existed at the time the
distance-range tests were conducted. The distaunce range of the TVOR with
the 35-foot-diameter counterpoise was 56 miles.

CONCLUSIONS
It is concluded thet:

1. The bearing ascuracy of +0.65° obteined with the Collins TVCR is
comparable to bearing accuracies of 0.6° to *0.9° obtelned at Federal
Alrways facilities,

2. The cone-elevation angle 18 increased from 22° to 55° by ueing a
35~fooi~diameter counterpoise,

3. The polarization error was sccepiable although the value ie
somevwhat greater than the maximm polarization error of *1.0° measured on
the four-loop VOR,

4. The moni*or performance wes uneatisfactory because of the monitor
antenna pattern and the location of the detector within the moniltor
equipment mounted in the tranamitter reck.
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FIG 2 COLLINS TVOR TRANSMITT NG EQUIPMENT
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