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EVALUATION OF THE LORENZ VOR ANTENNA

SUMMARY

This report describes the evaluaticn of the Lorenz very high frequency
omnirenge antenns menufactured by C. Aktlengesellschaft, Stuttgart, Germeny. The
evaluation i1ncluded ground and flight measurements of the bearing accuracy, polari-
zation error, cone characteristics, and distence range.

Measurements were conducted at 111.8, 115.7, and 117.7 megacycles. The
bearing errors were plus or minueg 0.85° at the lower frequency and plus or minus
007’0o at the two higher frequencies ag determined by the ccnventional ground cali-
bration procedure. Porteble polariscope measurements indicated maximum polari-
zation errors of plus or minus 2.5° at 111.8 megacycles, plus or minus 1.8° at
115.7 megacycles, and plus or minus 1.4° at 117.7 megacycles.

Flight tests showed that the TO-FROM indicetion had ambigulties through
e cone width of approximately 4O° {cone elevation engle of 70°). Recordings of
the course deviation indicabor current indiceted a cone width of 4O®, which is
considered good. The distance range for 5 microvolts at the recelver input was
L9 miles compared to 55 miles for the four-loop omnirange, indicating that the
Lorenz entenna radiastion efficiency is lesgs than that of the four-loop antenna.

INTRCDUCTION

The Lorenz very high frequenecy ommirange {VOR} cage antenna system is
the result of furtker work on the FIL-21A VOR spinming sntenns by C. Lorenz
Aktiengesellschaft, Stuttgeart, Germany. The FTL-21A VOR spinnlng antenns was de-
veloped by the Federal Telecommunications Leboratories, Inc. Two models of the
FTL VOR antenna have been evaluated at this Center; an experimentsl modell in
1950, end the improved model FTL-214° in 1954 . Thae evaluation of the Lorenz VOR
antenna was conducted an tke fall of 1957 at the CAA Technical Developmenit Center
{TDC), Indianapclis, Indians.

The Lorenz VOR system as to he irstalled in European countriles under the
supervision of personnel of tkhe CAA Office of International Cooperation. In order
tc obtain operational data supplementary to that available from the limited testing
facilities of the manufacturer. TDC was requested to evaluate the Lorenz antenna.

Performance data were abtained by measurements on the ground and in flight.
These measurements included many of those now used by the CAA in establishing, flight

1
Thomas S. Wonnell, "Evaluation of Federal Telecommunications Laboratories
Omnirenge Antenna,” CAA Tecknical Development Report No. 111, May 1950.

2 n
Samuel E. Taggart, Thomas S. Wonnell, and Walter M. Ehler, "Evaluation
of the FTL-2]A VOR Spinning Antenna,” CAA Technical Development Report No. 262,

February 1955.
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checking. and maintaining comrissicned VOR facilities con the Pederal Alrwsys.
DESCRIPTION

The Lorenz VOR arterrsa 1s shown ic Figs. 1 and 2. It consists of an
upper cage assembly end a lower cage assewbly. The lower cage contains an omma-
directionsl antenna and a rotating dipole aptenna. Carrier energy, radisted by
the omnidirecticnel acterma, 1s amplitude-modalated by a 9,960-cycles-per-second
{cps) subecarrier which, in turn, i1s frequency-modulated at 30 cps. The carrier
is amplitude-moduwlated in space by the figure-of-eight field pattern produced by
the dipcle antenna which rotates at 30 revolutions per second (rps)n The lower
cege of vertical rods serves to amprove the impedance match tetween the antennas
end free space and t¢ reduce the radiastior of vertically polarized energy. The
purpose of the upper cage 1g to murimize errors caused by the vertically polesrized
radiation from the lover cage.

The omnidirectionel radiatsy 1s a metal plate divided into four equal
90% sectars by radial slots as shown ic Fig. 3. Wken these four slots are excited
in phase apd with equal voltages, a circular radietion pattern 1s obtained similar
to that of a korizontelly positicned loop antenna with a circumference small
compared to the wavelength.

Eack of the four slots is fed by a rigid cocaxial linme. The four
coaxiel lines run from the top cerier of the lower cage structure downward along
the cage axis to the center of the omnidirectional rediator. From this point eech
of the rigid coaxial lipes rums radially along a slot to the edge of the disc where
the outer conductor is connected to the near side of the slot; the inner conductor
crosses the slot and terminates im an adjustable capacitive section of rigid co-
axial lire which runs along the opposite edge of each slot. The rigld coexiel
lires can be seen 1n Fig. 3. The series resonaut circuit, composed of the ad-
Justable capacitive reactance ard the inductive reactance of each feeder, is
bridged across eackh slot to produce a virtual skort circult ecross the slot as
vieved from the spimning dipole. A two-section tumable pl-network permits
matching of tke omnidirectiornal radiator tc the 60-ohm characteristic impedance
of the feed ceble. The pi-network for the carrier feed line 1s located on the
under side of the anterna as showa in Fig. k.

The rotating element is a folded dipcle which is short compared with
the wavelength. It 1s fed by =2 coexial lire through cme-hslf of the dipole. The
cther half 18 equipped with a dummy cable which kes no electricel function, but is
used for mechanical balancing. Tke dipole 18 secured and locked to the shaft of a
synchronous motor. The tone whkeel ard the pickup are mounted at the top bearing
bracket of the motor. The coaxial line of the dipole runs through a bore along
the motor shaft and trrough tie bearing shaft to a rotating coupling fixed to the
lover bearing bracket. In series wiih this line is a single pi-section for
matching the dipole to the 60-olw feed cakle. The pi-section and connecting re-
ceptecle are located on the under side of the anterna as shown in Fig. 4. The
dipole, tone vheel, and motor are protected by a plastic cover and are integrated
intc a siogle irgert whach 1s 1llustrated in Figs. 2 and 4. Tae insert is mounted
in the artenna structure from below and fastened by means of wing nuts.
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GROUND MEASUREMENTS

Grownd measaremeris condacted on the Lorenz VOR antenna included
calibralicn, space modulatzon, Field strengzh, and polarization error. These
measurements were made witk the antenne ¢perating on each of three freguencies
111.8 megacyeles {Me), 115.7 Mz, and 117.7 Mc. Data obtained from these
megsuremerts are shown in Table 1.

The ground calibration method developed at this Center3 was employed
to obtaln she bearing accuracy ob thae antenna. The hearing error measurements
wers made with the VOR field detector &t the counterpoise edge and also at a dis-
tanece of 200 feer from tfe antsina. Thae measuring equapment included a modified
Type CA-2Z041 VOR field detector., a Type CA-1277 VOR monator, a Type 2559 DuMont
oszilloscope, and a Type LA-14730 reference and varlable test generator. The
bearing errcrs ab the counterpoise edge and st 200 feet from the antenne are
shown in Figs. 5 and 6.

Bearing errars also were measJired at the receiver laboratory located
at a dirtance of 3,725 feet from the VOR. Equipment included a ten-element Yagil
recelving anteunns, a Coliins 5iR-2 ravigation receiver, and a VOR course simulator.
Phe receiver bearing ind-caticn ohtalned for each 20° of antenns rotation in the
herizontal plare was reproduced by applyang the signel from the VOR course sim-
alater 1o the receiver input. Filgure 7 corntains the bearing error curves obtalned
from the recerver laboratury data.

Coupling vetwesn the carrier antenna and the rotating sideband antemna
caused a 60-ops amplitude modulation of the carrier energy. It was difficult to
redusce the amplitude of the unwanted €0-cps component below 10 per cent of the
level of tue 30-cps amplitude modulation of the carrier. Although laboratory tests
have showm thet a 60-cps signsl equal to 10 per cent of the 30-cps signal level
injected at the detector input tevminalg of a Type CA-12T77 VOR monmitor can cause
up to plus or minus 1.9° error in indicated bearings, the same percentage of the
60-cps modalation comporent in & s1gnal epplied to the input of a 51R-3 navi-
gation receiver has a negligitle effect on its bearang indications. This accounts
in part for tne large differsnces a2n the indicated bearings measured at the VOR
counterpoise and at the receiver laboratory.

Micimue coupling hetween the carrier antenna and the rotatlng sideband
antenna was determinmed by measuring the voltage acrose the sideband transmission
line when terminated in a1te ckaracteristic impedence with power supplied only to
the carrier antenna. The manufacturer specified that the decoupling should be
40 decakels {db) {less than ome voli of rectified voltage across the sideband
transmission lire) with 20C watts applied to the carrier antenna. Decoupling
voltages measured on each frequenzy of operation are included in Table I.

3R0bert B. Flant and William L. Wraight, "Ground Calibretion of the VOR,"
CAA Technizal Developrent Report No. 227, October 1955.
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Measurements of veriable-phase {30-cps space) modulation levels were
made the receiver laboratory uasing a remoie percentsge modulation level indi-
cator. These measurements were conducted for eack 20° position as the antenne
wag rotated tkrough 360°. The data obtained in tuis series of measurements are
presented in Fig. 8.

Relative fisld-strength measurements were made on the ground to compare
the radiation efficiencies of tke Lorenz VOR antenns and the four-loop VOR an-
tewna. To obiain a direct comparison, the antennas were operated wvath equal
power .inputs on a frequeary of 115.7 Mc. Relative field-strength messurements
also were made witk fhe seme power input to the Lorenz antenna on 111.8 and 117.7
Mc. The instrumentation used in this series of measurements included a modified
Collinms 51R-3 navigation receiver, a direct-current {d-c) amplifier for ampli~-
fyarg the first radic-frequency {r-f) amplifier cathode current of the receiver,
and an Egterline-Angus graphic recorder. Operating as a unit, the system was
calibrated to indicate field stremgth as a functicn of recorder pen deflection.
Receiver input voltages measured st distances of 400, 500, and 600 feet from
the VOR are shown in Table I ard 1n the curves of Fig. 9. The curves indicate
the greater radiating efficiercy of the four-locp sntenna over the Lorenz antenne
at 115.7 Me.

Measurements of polarigatioer error were conducted with a portable
polarlscopeHB These determinations were conducted at a distance ranging from
300 to 500 feet from the YOR for each LS® interval around the astation. The date
obtained 1n this series of measurements are plotted in Fig. 10. Measurements
of polarization errcr ou 117.7 Mc indicate that complete electrical contact
between the base plate and the counberpoise is required. Wath the antenna base
plate l/Enlnch above the counterpoise, polarization errors were doubled, as
illustrated in Fig. 11.

FLIGET TESTS

Ip-flight measuremerts were comducted on the Lorenz antenns to obtaln
Polarization exrrors, distance range, theodolite flight calibration, and cone
characteristics. Each of tlese measarements wag conducted on 111.8 Me, 115.7 Me,
and 117.7 Me. The tests were conducted ir a Douglas C-47 aircraft, using a
Collans 51R-3 navigation receiver. a tail-mounted V-109 receivaing antenna, an
airborne pelariscope, and an Esterline-Angus graphic recorder. The results of
these tests are contaired in Table I.

Theodolite Flight Calibratiow.
Tte thecdolite flight calibratior 1e a process wherein a series of
exact daffererces between cmnirarge indicated hearings and theorolite bearings

L
John Beck and Alan L. Saumders, "A Percentage Modulation Imdicator,”
CAA Tecknicel Developmert Report No. 343, March 1958.

2 serling R. Arnderson axd Wendell A. Law, "The Measurement of VOR
Polarization Errors,' CAA Technical Development Report No. 202, May 1953.
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are obtaaned throughout the 360° arcund a range station. These differences are
plotted as g measured error curve. Flighte were made 1n a counterclockwise 4i-
rection at a 6-mile radius at an altitude of 1,000 feet. The measured error curves
are shown in Fig. 12.

Dastance Range

The distance rarge was measured at each of the three frequencles selected
for the evaluation. At 115.7 Me, the distance checks were made using both the
Lorenz and four-loop antennas withan the same two-hour pericd, in order to obtaln a
direct compariscn of the respective ranges for equal power applied to the antennas
ukder observaticn. Two defimitions cf distence range were used in these
meastrements.

In cre method cf measurement, the distance range is defined es the
distance in statute miles from the station at which the course width in degrees
pecomes double the couvrse width messured at 10 miles. In the second method of
measuremern®, the distance range ig defined as the distance i1n statute miles from
the stetion at which the fres-space attenuwation of the signal has reduced the
Tield strength to a value such thet five microvelts is spplied to the input
terminals of the receiver.

The distance range on 115.7 Mc was gresater for the four-loop antenna
than for the Lorenz antenma, $2.2 compared to 59.9 miles for double course width,
and 55 compared to 49 miles for 5 microvolts, indicating that the four-loop
aptennia 1s a more efficient radiatcr than the Lorenz antenns. The distance range
for thke Loerenz sntenna on the other frequencies is listed 1n Table I.

Polaraization Errors.

In flight-checking the Lorenz YCOR antenna, four methods of measuring
Polarizetion error were employed. Eack of the following tests was conducted on
a radial near zerc azimsth and st an altabude of 1,000 feet. The polarization
errcrs measured are included In Table T.

30° Wing Rock. Heading toward the statiom, the mireraft is banked plus
and munvs 30°. The nose of tke aireraft is held at a constant heading during this
maneaver. The course-deviation-ipdicstor (CDI) current is recorded end converted
to degrees of course displacemernt.

Eighkt Ways Jver a Qroupd Checkpolint: While the CDI current is being
recorded, the airaeraft is flows on eight different headings (cardipsl and semi-
cardinal } over & specific ground checkpoint. The recordings are marked as the
airplane crosses the checkpoind, and the indiceted bearing is compared with the
magnetic bearicg. The zero reference point is taken on the heading to the
station.

Cirele; Witk the airplare keaded toward the station and the tests
started from s grownd checkpoint, e circle is flown at a constant 30° bank.
The CDI currert 1ls recorded during this cirenlar flight and converted into
degrees of error from the azimuth course which was flown at the beginning of
the eirele. Since the aircraft changes azimuth waith respect to the VOR, this
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deviation 1s computed in degrees apd subtrected from the course-deviation-indicated
error. Subtraction of the koowr deviation results in the numeriecal value of
polarization error.

Airvorne Polariscope: Folarization errors were measured on flight checks
with an aiYborne poleriscope. The airborne polariscope utilizes a crossed dipole
anternna mounted cn the nose of the airecraft. A 25-rpm motor drives a phase sweep
in econjunction with r-f Yridges to vary continuously the relative phase of the ver-
tically end horizontally polarized components of the VOR signmls. The output of
the polariscope is comnected to the navigation receiver and CDI recorder egquipment.
Tae recorded course from the VOR thken kas a “scalloping" of 0.42 cps, the ampli-
tude of which 1s proportiomal %o the ratie of vertically to horlzontally polarized
radiation from the VOR. The recording 1s made on inbound radial flights. It will
indicate error attitude effect equivalent to a h5° wing rock with the optimum
relative r-f phase for greatest errcr. Toe polarization errors determined by
Tlight check are included in Table I.

Cone Measurements.

Radial flights were made across the VOR, reccording the currents of the
CDI end the TO-FROM indicator of the Collins 51R-3 receiver for the purpose of
measuring cone wadth.

In order to determine the width of the come from & recording of the
CDI current;, a definition of the cone must be stated so that the boundaries of
the cone may be positioned on the recording. With the VOR recelver and assocl-
ated recording equipment calibrated to a given recorder deviation equal to a
given number of degrees of VOR course displacement, a flight track is flown
directly over the VOR. When the CDI deviates more than 2°j and this devistion,
as observed on the recording, is dae to the normal course disturbances encountered
above a VOR, the cone i1s considered to begir. In a similer manner, the cone ends
at the 2° deflection point as tne straight-line course indication is resumed on
the other side of the cone. Wren measuring e ccme in this manner, the results
are referred to as a CDI come measurement. A typicel recording of a CDI cone
measurement 1s r?produced in Fig. 13.

The TO-FROM cone width 1s defimed in the same menner as the CDI cone
width except that the core ig defined ae beglinning when the indlication Tecomes
erroonecus and ending wher the correct indicetion 15 resummed. A recording of the
TO-FROM indicator current i1z reproduced in Fig. 1h.

Field-strength measurements were made during radial flights over the
VORE to obtain data for plotting the vertical plane field patiern of the antenna.
The equipment used for these measirements is tne same as thet used in groumnd
equipments of field strength. The wvertical plane field patterm i1s plotted in
Fag. 15.

GROUND-LEVEL TESTS

Additionel tests were conducted with the Lorenz VOR antenna mounted at
ground level to similete a mourniein-top instellstion. The purpose of the tests
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was to determive the diameter of the metallic counterpoise required for minamum
pelarizaticn error. Since it was recessary to have access %o the under side of
the antemnna, 1t vas mounted at approximately ground level on a wocden platform
over a pit 8 feet wide, 10 feet long, snd 5 1/2 feet deep.

The counterpoise was 36 feet 1n diameter and constructed of wire mesh.
The cutside edge of the counterpoise was 8 inches belcw the base of the antepna.
Polarizaticn errors were measured for the counterpoise diameters of 36 feet, and
with only a 40-inch antenna base plate. The 13-foct-diameter counterpoise was
Just large enough to cover tae pit completely and prevent discontinulties. 4
discontinuity wes introduced during measurements with the 36-foot-diameter counter-
poise by removing the cover from a 2-foob-sguare access hetch 9 feet from the
center of the amterna. For each cordition, polerization errors were measured
at intervals of 45° at a radiis of 300G feet from the VOR throughout 360° of azi-
muth. The measuring equipmer* was the same as that described previously. The
results of the measurements are plotted in Fig. 16. Curve A in Fig. 16 was used
+o illugstrate the error with either the 13- or 36-foot-diameter counterpoise,
since thie errors were essertially the same at all but one azimuth.

For tests with a 9-foot-diemeter cocunterpoise, an earth fill was made
to form a coriinuous surface from the base of the antenna to a radius of approxz-
imately 10 feet. The wooden platform over the pit was covered to a depth of 4
inches by the earth fill and the antenns and counterpoise were mounted flush
with the zurfacen The polarization error for this conditlon 1s showm by curve B
of Fig. 16.

The results of these tests irndicate that the dismeter of the metal
counterpoise skould be net less than spproximately 13 feet. A comparison of
the polarizetion error curves ohtained with the counterpoise 9 and 13 feet in
diameter shows an increase in error with a counterpoise diameter less than 13
feet. The importance of a uniform counterpoise 1s i1llustrated by curve C,
Fig. 16. Thie curve demenstrates the effect of a discontinuity in the
counterpoise, such as an opepn manhole, nesr the antenna.

CONCLUSIONS

The Lorenz VOR antenna features excellent workmenshaip resulting an a
system relatively easy to install and edjust. Pi-nebtwork sections simplify the
eatching of the transmission lines % the antemnmas.

Coupling between tae carrier disc and rotating dipole entemnas limits
the bearing accuracy whaich ctherwise would be possible with thls type of antenns.

The polarization error prebaply couwld he reduced by adding more shorting
discs to the upper cage, as was demonstrated during the eveluation of the FTL-21A
VOR antenna at this Cepter ir 195h.

The radistion efficiency of the Lorenz VOR antenna is somevwhat below
thkat of the four-loop VOR antenna.
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TABLE I
EVALUATION DATA OF THE LORENZ ANTERNA
I. Flight Tests. 111.8 Me 115.7 Me

Theodolite Calibration °
A. Six-mile 1,000-Foot Orbit +1.9 1.1

Distance Range at 1,000-Foot Altitude
A. Lorenz Double Course

Width Distance 63.2 mi. 59.9 mi.
B. Lorenz Distance for
5 uv to Recelver 51.4 mi. 49.0 mi.
C. Four-Loop Double Course
Width Distance 62.2 mi.
D. Four-Loop Distance for
5 uv to Recelver 55.0 mi.
Polarization Error
A. 30° Wing Rock 20,25° +0.75°
B. Circle Test +3.0° 11.5°
C. Polariscope +3.0° +2.5°
D. Eight Ways Over a Point +1.0° +1.0°
Cone Angle o °
A. TO-FRCM Indication hho uoo
B. CDI Indication 38 Lo
II. Ground Tests.
Ground Calibration
A. At Receiver Laboratory +1.5° +0.65°
B. At Counterpcise Edge 20.85° +0.70°
C. At 200 Feet +0,70° +0.,55°
Polarizetion Error
A. Portable Polarisccpe 22.2° +1.8°
Relative Field Strength
A. Lorenz Relative Field at 400 Feet 19.25 mv 12.3 mv
B. Four-Locp Relative Field at 400 Feet 16.5 mv

Space Modulation - Meximm Varietion
with Azimuth
A. At Receiver Lsboratory +2.0% +1.8%

117.7 Me

11.00

59.0 mi.

48.0 mi.

ll.ho

12.0 mv
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TABLE I (continued)
EVALUATION DATA OF THE LORENZ ANTENNA

Dipole Decoupling
A. Reetified Voltage st Dipole
Input for 200 Watts Applied
to Carrier 1.9 v 1.5 v

Voltage Standing Wave Ratios
A. Dipole Feed Line 1.1/1 1.15/1
B. Carrier Feed Line 1.07/1 1.1/1

1.5

1.0

v

7

/{1
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