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EVALUATION OF THE MELPAR AURAL BEARING GENERATOR

SUMMARY

This report presents the results of the ewalustion of an improved
Melpar VOR gross error detector (mow called the sural bearing generator)
designed to be atteched to 2 VHF omnirange (VOR) ground station. The
resultent system, called the visual aural omnirange (VAOR), 1s designed
to give the pllot a simple aural check of gross errors in airborne VOR
recelvers without additional equipment.

The accuracy cof aural bearing chbservations on flight checks
was made by comparison with the omnibearinge of a navigation recelver.
Obteervations of mural bearings by several cobeervers ranged from +.0° to
-10.5° in error, with average errors from 2.1° to 3.,75°.

The maximum bearing error spread of the VOR station on ground
check wae 1.8° before the aural equipment wze installed and 2.4° after
the equipment wes inetalled. A later reinstallation of the aural equip-
ment caused the VOR bearing error spread to decrease from 2.2° to 2,0°,
Course devietions caused by the rotating aural goniometer did not exceed
+0.25° et any azimuth.

The equipment was easily installed and adjusted, The stability
of the equipment was good during the several weeks 1t was in operation.
There were minor variations in the bearing srror.

A monitor, vhich renders the equipment inoperative i¥ the event
of failure 18 included., The operation of the monitor wae satiefactory,
except 1n the case of a power failure.

INTRODUCTION

A production model aural bearing generator for converting a VCR
to a VACR developed by Melpar, Ine., was installed at the Tilden experi-
mental VOR site of the Technical Development and Evaluation Center of the
Civil Aeromautics Administration, Ipdienapolis, Indiapal, This station
usea a four-loop VOR antonna system.

1 R, B. Flint, V. L. VWright, T. 5. VWonnell, "Evaluation of the
Melpar VOR Grose Error Detector,” Technical Development Report No, 200,
May 1953,

2 s. R. Anderson, H., F, Keary, W. L. Wright, "The Four-Loop VR
Antenna," Technical Development Report No. 210, Jume 1953.



2

The purpose of the VAOR is to enmeble the pilot to determine
groes errors in the aircraft VOR receiving equipment, The aural bearing
generator produces a clockwise rotating Plgure-of-eight pattern which
contains 585-cpe sildebands, The pattern rotation epeed is 1 rpm. Voice
announcements, giving the bearing of the antenna pattern nulls, are
transmitted through the VOR veice channel every 10°, The bearing that is
heard by the pilot during the tone null will be either the correct
bearing, or its reciprocal.

The service provided by the asural bearing generator 1s not con-
tinuous, but shares time with the station identificztion system 26 1llus-
trated in Fig, 1. The tone signal and the voice-anncunced bearings from
350° through 190° azimuth are transmitted while one null of the antenna
pattern rotates through this sector., This reguires 35 seconds and, upon
completion, the VOR station identification is transmitted for 25 seconds.
Then, the tone signal and the volee announced bearings from 170° through
10° azimuth are transmitted for an additional 35 seconds while the antenna
pattern null rotates through this sector, making it unnecessary for
pllots to determine reciprocal bearings., Twenty degrees of overlap are
provided so that aircraft at 0° and 180" from the station will have mno
difficulty in distinguishing the tone null.

It should be pointed out thet the system has an inherent 180°
ambigulty which can be resolved by a simple flight procedure., 4 90°
turn te the right from a radial course will cause the bearing to deersase
when geoing townrd the etatilon and increase when going eway from the
station. The amblgulty can then be resolved by referring to a magnetic
compass,

DESCRIPTION

The aural bearing generator is housed in & cabinet 42 X 21 x
16 1/2 inches, Two views of the equipment are shown in Figs. 2 and 3,
The four chessis mounted in the cabinet are, from top to tottom; the
power supply and sideband generator, the monitor, the tape drum and
gonlometer, and the rf bridges.

Unmodulated rf power 1s obtalned from the VOR by means of a
power plck-off unit loeated in the coaxial line between the VOR gonio-
meter and the modulation eliminator, as shown in Flg., 4. This unmodu~
lated signal is fed into the grid circuilt of the sidebend generator.
The plate tank circuit of the sideband generator receives an audio sig-
nal of 5685 cps from 2 Weln bridge type oscillator and power amplifier
circuit, located on the same chassis. The cutput of the sldeband
generator, consisting of freguencies equal to the VOR carrler 1585 cps,
1s obtained from the plate tank circuit by a pick-up leoop, and fed to
the aural beering generator goniometer. This unit changes the signal
amplitude and phase so that when it is applied to the entenna systiem a
rotating figure-of~eight electric field is produced.
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A magnetic drum type recorder is mechanically geared to the gonio-
meter shaft. Voice-announced bearinge at 10° increments from 350° to 190°
azimuth are recorded on the one half of the drum, and bearings from 170°
to 10° azimuth are recorded on the other half of the drum. These voice
ennouncemente are synchronized with the null in the antenne pattern. The
magnetic drum voice output is amplified by e compensated audio amplifier
and fcd through the switching unit to the VOR modulator for modulation of
the carrier.

The swiltching unit, which ls also mechaniczlly geared to the
gonlometer shaft, contains cams that control the timing cycles. Two timing
cycles are avallable, through the use of a timing switch. On the two-
minute position, the system operates altermately with the VOR station
identification as described previously. However, on the four-minute posi-
tion the aural bearing generator system operates for 35 seconds, the
statlon identification for 25 eeconds, the aural bearing generator syetem
for another %5 seconds, followed by 145 seconds of statlon identificationm,
Volce from the INSAC takes precedence over the groes error transmissions.

The aursl bearing generator usee the VOR antenna. Thie is accom-
plished by feeding the outputa of both the VOR and aural bearing generator
goniometers to the antenna through two rf bridges es shovn in Fig. 4.
These bridges permit dual use of the antenma, while providing effective
isolation of the two signale. An adjustable shorting stub connected to
the output of each rf bridge is adjusted for minimum effect of the aural
bearing generator gonlometer on the VOR sildebands.

A monitoring system 1s included in the aural bearing generator
system which renders the squipment inoperative should an error of more
than +3° develop in the null positions. A remote monitor detector con-
glsting of e tuned rf receilver is included with the equipment. However,
a simple dlode detector located at distances up to 200 feet will provide
adequate signal for the momitor. The monitor uses 585-cps tone signal
to develop a narrow trigger pulse which corresponds to the null in the
radiated pattern. This narrow pulse is fed to the grid of & one-shot
multivibrator. The grid is normally grounded through a cam-operated
microswitch. The controlling cam, located on the gonlemeter shaft, opens
the switch once each revolution and unless the trigger pulse is produced
during the time the microswitch is open, the multivibrator will not be
triggered. If the one-shot multivibrator is not triggered after three
successive "mctive nulle" pass the remote monitor, a control tube stops
conducting current, thereby allowing e relay to open, cutting off the
supply voltage to the equipment., Active nulls are tone nulls vwhich
occur at the remote monitor during the time thet the eural bearing
generator is operating. If the aural bearing generator falle, the
switching unit automatically allowe normal trensmlssion of station
identification.
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MEASUREMENTS

Tests were made to determine the accuracy of the VOR with the
aural bearing generator installed, and the accuracy of the aural bearing
equipment The tests included ground measurements of the aural and VOR
bearing errors, and flight teets to determine the accurecy of the aural
indications, Changes in the operating conditione resulting from the
addition of the aural equipment also were included.

Meesurements were taken at 10 miles from the VOR to determine the
effect of fhe aural equipment on the VOR courses., A course deviation of
+0.25° was the maximm error observed., A sample of a recording of the
course deviation indicator is i1llustrated in Fig., S. This variation in
the course 1s caused by unbalance in the aural bridges which permits eome
V(R sideband energy to enter the aursl goniometer. The energy entering
the aural gonlometer causes an impedance change in the transmission linece
between the VOR goniometer and VOR bridges. Balancing stubs on the out-
puts of the aural bridges provide 2 means for obtaining nearly optimum
bridge balence and isolation of the VOR and saural sidebands.

The bearing error curves of the station before and after the
aural equipment was added are shown in Fig. 6. The maximum error was 1.8°
before the aural equipment was added and 2.4° after completion of lnstal-
lation and adj)ustments.

After the equipment had operated three weeks, the station was
rcetored to normel and a bearing error curve was obtalned, The aural
equipment was then placed back in operation and agein a hearing error
curve was obtained. The VOR bearing error spresd decreased from 2.2° to
2.0° with the addition of the aurzl bearing generator. These curves are
illustrated in Fig, 7 and 2re nearly identical to those 1n ¥ig, 6, ex-
cept for miner variations in the magnitude of the error, These curves
show that the gross error equipment may introduce errors that elther edis
to or subtract from the initial VOR bearing error curve,

The most critical adjustment of the aural equipment was that of
the balancing stubs at the outputs of the aural rf bridges, After three
weeks of operation, these stubs had to be readjusted slightly to main-
tain optimum balance, The etubs are commected to the rf bridges with
Gieneral Radio Type 874 commectors which are designed for laboratory work.
For a permanent installation, Type N conhectors probably would provide
greater stabllity.

Memsurements of operating conditioms are shown in Table I. The
addltion of the aurasl equipment did not ceuse & substantial decrease in
the radlated power from the VCR.
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TABLE I
Equipment Measurementas
With Aural

Conditlons Normal Equipment
Carrier power output referred to normal VOR £7.5 w BD w
9980 cps modulation on modulation eliminator 2 % 2%

output (60 ma cathode current)
Modulation eliminator power divider scale reading 49 55

20 Per Cent of 585-Cps Space Modulation

Power input to VOR gonlometer 2,25 w 4w
Pover input to aural sideband generator 1w
Total output of aural sideband generator l.2 w
Total power teken from modulation eliminmtor 2.25 w oW

The residuel 10-ke¢ moduletion on the output of the modulation
eliminator was unchanged with the addition of the aursl equipment, The
life exzpectancy of the modulation eliminator diodes should be the same
8ince the cathode current was mainteined constant at 60 ma,

The bearing error curves of the aural figure-of-eight nulls

ere 1llustrated in Fig. 8. The displacement of the nulls was due to an
unbalance of the sidebend outpute of the aural generator plus the inherent
antenna system error, Thia unbalance is shown in Fig. 8, which is a plot
of the saural bearing generator figure-of-eight horizontal plane pattern
compared with a eilnuscidal pattern. ¥With properly btalanced outputs, the
tone null errors of the rotating aural pattern should be no greater than
the errors of the V(R at any given azimuth.

Varlous simulated fellures 1n the esurel equipment such as a
shorted or open input line to the pideband generator, shorted end open
circulte in the mural goniometer rf line, produced negligible changes of
the VOR courses. However, the unbalence of one of the rf bridgee in the
aural equipment will ceuse large course errors, To simulate such a
failure, & 52-ohm load was paralleled with one of the bridge loads and
the effect on the bearing error is shown in Fig, 10. Grid and plete
tuning and phasing adjustments of the aural sideband generator produced
e maximum of 0.2° change in the VOR courses.

Measurements to check the operation of the aural monitor werse
mede by recording the plate voltage of the relay control tube, Input
for the monitor was cbtained from a crystal~diode detector mounted at 45°
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ezimuth on the counterpoise edge. The recording covered an operating time
of 16 hours and showed a pulse delivered to the control tube once eech
minute with only one pulse missed, This indicates the action of the moni-
tor to be posltive, and that 1t ehould give satisfactory cperation. HHow-
ever, the aural egquipment requires a restart feature which restores the
equipment to normel operation after & power fallure,

The monitor automatically turned off the aural equipment when
the detector was moved more than +3° from the 45° azimuth position or,
when the 535-cps tone was turned off.

FLIGHT TESTS

Flight tests were conducted on the aural bearing equipment instal-
led at the Tilden VOR to determine the mcecuracy of aural bearings by
various obeervers., Fach cbserver recorded his interpretation of the
aural bearing while the flight engineer recorded the indicated bearing of
the omnireceiver, The observations were made at distances of 15 to 20
miles from the VOR. The interpretation of the observers are plotted
agrinst the receiver omnibearing in Fig. 1l. The hearing errors of the
station were neglected since they are small compared to the observer
errvor., The average of the various cbeervations indicate that as the ob-
server galns experlence, the lnterpretatione become more accurate, From
the data in Fig. 11, it can be assumed that with experlence, the average
observer can be sxpected to interpret the aural bearing with an accuracy
somewhat better than +4°.

The distance range for mcourate observations is dependent on the
signal~to-noise retilo, As the nolse level rises (or the signal decreases ),
the width of the aural null increases, meking the observations less
accurate. The approximate distance range 1:°65 per cent of that of the VOR.

CONCLUSIONS
1. The aural bearing generator can be installed with little difficulty.
2. The operation of the aural bearing generator was relatively
stable during the four weeks of the evalustion.
3. The equirment hes an unresclved 1.80° ambiguity.
4, The addltion ¢f the equipment 1nitia11y caused the bearing error

spread of the VOR to increase from 1.8° to £.4°, Three wecks later,
reinstallation of the aural equipment cause d the bearing error spread of
the VOR to decrease from 2,2° to 2.0°
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5. The rotation of the aural goniometer intreduced a meximum
course wvariation of +0,25°,

6. The observers interpreted the aural bearing with an average
accuracy better than +4°.

7. The monitor included in the egquipment operated satisfactorily
and rendered the equipment inoperative during fallure of the tone or shift
in the null position. Tlowever, no provision is made for monitoring of
the voice beering announcements.

8. The most common objJection to the equipment from the pilot's point
of vlew was that continued use induces fatigue.

9 The aural bearing service will be limited when this equlpment 1s
inetalled at a facility with a large volume of volce communications,

10. The intreoduction of the aural bearing gereretor incremases the
probtablility of an lncrease 1n VOR bearing error, however, no substantial
difficulty was experienced during the limited evalumtlon period.
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