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EVUUATION OF THE MELPAR AURALBEARING GENWATOR 
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Thie report presents the resulte of the evaluation of an impm 
Melpar VOR gross error detector (now called the aural bearing generator 
designed to be attached to a VHF omnirange (VOR) mund station. The 
resultant syetem, called the visusl aural omnirange (VAOR), 18 deei@ed 
to give the pilot a eimple aural check of groee errors in airborne VOR 
receivera without additional equipment. 

The acauracy of aural bearing observationa on flight checks 
~8 made by eomparleon with the owibearinge of a navigation receiver. . _- Observations of aural bearinge by several obeervere ranged from 14.0' to 
-10.5" in error, vith average errors from 2.1" to 3.75". 

The maximum bearing error spread of the VOR station on &zouud 
check was 1.8" before the aural equimnt vae installed and 2.4' after 
the equipment vao Installed. A later rcinetallation of the aural equip 
ment caused the VOR bearing error spread to decrease from 2.2' to 2.0'. 
Course deviations caused by the rotating aural goniometer did not exceed 
iO.25" at any azlnwth. 

The equipment wae easily inetalled and adjusted. !l%e stability 
of the equipment ua8 good during the eeveral weeke it va8 in operation. 
There were minor varistione in the bearing error. 

A monitor, vhich rendera the equipment inoperative ti the event 
of failure ie included. The operation of the monitor wB satisfactory, 
except in the cake of a power failure. 

. 
IN!cRODuCTIOR 

A production model aural bearing generator for converting a VOR 
to a VAOR developed by Melpar, Inc., VBB installed at the Tilden experi- 
mental VOR cite of the Technical Development and Evaluation Center of the 
Civil Aeromutics Admlnietratlon, I~ianapolis, ~tinal. This station 
uses a four-loop VCR antenna system . 

1 R. B. Flint, W. L. Wright, T. s. ~onwll, %valuation of the 
Melpar QOR Grow Error Detector," Technical Develo&ment Report No. m, 
May 1953. 

' S. R. Anderson, H. F, Keary, W. L. Wright, "The Four-tip VoR 
Antenna," Technical Development Report No. 210, June 1953. 
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The P\aPoae of the VAOR ie to enable the pilot to determine 
groes errors in the aircraft VOR receiving equipment. The aural bearing 
generator Produces a clockwise rotating figure-of-eight Pattern whiah 
COntah 585-cpe sidebands. The pattern rotation epeed ie 1 rpm. Voice 
*mU.nCemnta, giving the bearing of the antenna pattern nulla, are 
transmitted through the VOR voice channel every loo. The bearfng that ie 
heard by the pilot during the tone null vi11 be either the correct 
bearing, or its reciprocal. 

The eervice provided by the aural bear- generator 18 not con- 
tinuous, but ehares time with the station ldentificetion syetem as illua- 
toted in Fig. 1. 'Ibe tone signal and the voice-announced bearings from 
350" through 190" azimuth are transmitted while one null of the antenna 
pattern rotates through this sector. This requires 35 seconds and, upon 
COmpletiOn, the VOF! station identification is tranemitted for 25 eeconds. 
Then, the tone signal and the voice ennounced bearings from 170" through 
10" azimuth are transmitted for an additional 35 seconds while the antenna 
Pattern null rotates through this sector, rcaking it mneceesary for 
pilots ta determine reciprocal bearings. Twenty de-es of overlap are 
provided 80 that aircraft at 0" and 180' from the station will have no 
difficulty in distinguishing the tone null. 

It Bhould be pointed out that the system has an inherent 180" 
ambiguity which can be reBOlved by a simple flight procedure. A 90" 
turn to the right from a mdial couree vi11 c.suee the bearing to deereaee 
when going toward the station and increase when going away from the 
station. The ambiguity can then be resolved by referring to a magnetic 
COm~BB. 

DFSCRRIPPION 

!The aural boaring generator is housed in a cabinet 42 X 21 X 
16 l/2 inches. Two VIBWB of the equipment are shorn in Figs. 2 and 3. 
The four ChaBBia mounted in the cabinet are, from top to bottom; the 
power supply and sideband generator, the monitor, the tape drum and 
goniometer, and the rf bridges. 

Unmodulated rf power is obtained from the VOR by means of a 
power pick-off unit located in the coaxial line between the VOR gonlo- 
meter and the modulation eliminator, 88 shown in Fig. 4. Thie unmodu- 
lated Bignal is fed into the grid circuit of the Bideband generator. 
The plate tank circuit of the sideband generator receivee an audio sig- 
nal of 585 cpe from a Wein bridge type oscillator and power amplifier 
Circuit, located on the same chaesis. The output of the sideband 
generator, consisting of frequencaee equal to the VOR carrier lt585 cp8, 
is obtained from the plate tank circuit by a pick-up loop, and fed to 
the aural bearing generator goniometer. This unit changee the signal 
amplitude and Ph8se 80 that when it I6 applied to the antenna system a 
rotating figure-of-eight electric field is produced. 
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A maDetiC drum type recorder is mechanically geared to the gonio- 
meter ehaft. Voice-announced bearings at 10" increments from 350" to 190° 
azimuth are recorded on the one half of the drum, end bearings from 170" 
to 10" uimuth are recorded on the other half of the drum. These voice 
az?noWcemente We Byxhronized tith the null in the antenne pattern. The 
magnetic drum voice output is amplified by a compensated audio amplifier 
and fod through the etitching unit to the VOR modulator for modulation of 
the carrier. 

The switching unit, which is also mechanically geared to the 
goniometer shaft, contains cams that control the tirhg cyclee. Two ti.mhg 
cycles are available, through the ~88 of a timing switch. On the tvo- 
minute position, the system operates alternately with the QOR station 
Identification&B described previously. However, on the four-minute posi- 
tion the aural bearing generator system operates for 35 seconds, the 
BtatiOn identification for 25 BeCOndB, the aural bearing generator syetem 
for another 55 seconds, followed by 145 seconds of station identification, 
Voice from the INSAC takee precedence over the groee error tranemissions. 

The aural bearing generator useB the VOR ant-. Thie is accom- 
plished by feed- the outputa of both the VOR and aural bearing generator 
gOniOm0terB to the antenna through two rf bridges &a shown in Fig. 4. 
These bridges permit dual uBe of the antenna, while providing effective 
ieolation of the two signals. An adjustable shorting stub connected to 
the output of each rf bridge is adjusted for minimum effect of the aural 
bearing generator goniometer on the Vm sidebands. 

A monitoring sy&zm 1s included in the aural bearing generator 
eyatem which renders the equipment inoperative ehould an error of mare 
thani3" develop in the null positions. A remote monitor QeteCtor con- 
sisting of a tuned rf receiver ie included with the equipment. However, 
a simple diode detector located at diBtanCeB up to 200 feet will provide 
adequate eignal for the monitor. The monitor USBB 585-cps tone signal 
to develop a narrow trigger pulse which corresponds to the null in the 
radiated pattern. ThiB narrow puleo is fed to the grid of a one-ehot 
multivibrator. The grid iB norBUy grounded through a cam-operated 
microswitch. The controlling cam, located on the goniometer shaft, opens 
the switch once each revolution end uzilesa the trigger pulse is produced 
during the time the mlcrosvitch is open, the multivibrator will not be 
triggered. If the one-shot multivibrator is not triggered after three 
Bucceeaive "active nulls" pses the r&xote monitor, a ContrOl tube StOPa 
conducting current, thereby allowing & relay to open, cutting off the 
supply voltage to the equipment. Active nulls are tone nulls which 
occur at the remote monitor during the time that the aural bearing 
generator is operating. If the aural bearing generator fails, the 
switching unit automatically allows normal transmission of station 
identification. 
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MCEASUREMENTS 

!Nats were made to determine the accuracy of the VCR with the 
aural bearing generator inetalled, and the accuracy of the aural bearing 
equipment The tests included ground measurements of the aural and VOR 
bearing errora, and flight teats to determine the accuracy of the aural 
indicatIona. Changes in the operating conditione resulting from the 
addition of the aural equipment also welt included. 

Measurement8 were taken at 10 milee from the VOR to determine the 
effect of She a=1 equipment on the VOR courser. A course deviation of 
f0.25" WAS the maximum error observed. A sample of a recording of the 
CourBe deviation indicator is illustrated in Fig. 5. This variation IJI 
the cotme is caused by unbalance In the aural bridgea which permits some 
VOR aideband energy to enter the aural goniometer. The energy entering 
the aural gonlometer cauae~ an impedance change in the transmission linee 
between the VOR goniometer and VOR bridgees. Ealencing stubs on the out- 
puts of the aural bridges provide a means for obtaining nearly optimum 
bridge balance and isolation of the VOR and aural sidebands. 

The bearing error curves of the etation before and after the 
aural equipment was added are shown in Fig. 6. The maximum error Y&B 1.B' 
before the aural equipment was added and 2.4' after completion of inetal- 
lation and adjuatmente. 

After the equipment had operated three weeks, the station was 
restored to normal and a bearing error curve was obtained, The aural 
equipment wan then placed back in operation and again a bearing error 
curve was obtained. The VOR bearing error spread decraaeed from 2.2' to 
2.0" with the addition of the aural bearing generator. !These curves are 
illustrated in Fig. 7 and are nearly identical to those in Fig. 6, ex- 
cept for minor variations in the lnagnitude of the error. These curve8 
show that the pss error equipmnt may introduce errore that either e&W> 
to or subtract from the initial VOR bearing error curve, 

The most critical adjustment of tha aural equipment was that of 
the balancing stube at the outputs of the aural rf bridgees. After three 
weeks of operation, these stubs had to be readjusted slightly to =in- 
tain optimum balance. The stubs are connected to the rf bridges with 
General Radio Type 874 connectors which are designed for laboretOry work. 
For a pernmnent installation, Type N connectors probably would provide 
greater stability. 

Measurements of operating conditions are shown in %ble I. The 
addition of the aural equipment did not cause e subetantial dscreaee in 
the radiated power from the VOR. 
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TABLE1 
Equipment Measurements 

Conditions NOTlId 

Carrier pover output referred to normal VOPi 67.5 w 

9960 cps modulation on modulation eliminator 
- output (60 ma cathode current) 

2 $ 

Modulation eliminator power divider ecale reading -- 49 

20 Per Cent of 595-Cps space Modulation 

Pover input to VOR gonlometer 2.25 w 

Power input to aural sideband generator 

Total output of aural sideband generator 

Total power taken from modulation eliminator 2.25 w 

With Aural 
Egulpment 

60 w 

2s 

55 

4w 

IV 

1.2 w 

5w 

The residual N-kc modulation on the output of the modulation 
eliminator was unchanged with the addition of the aural equipment. The 
life. expectancy of the modulation eliminator diodes should be the same 
since the cathode current was maintained con&ant at 60 ma. 

The bearing error curves of the aural figure-of-eight nulle 
ere illustrated in Fig. 8. The displacement of the nulls wa8 due to an 
unbalance of the sideband outpute of the aural generator plus the inherent 
antenna eyetem error, Thie unbalance la shown in Fig. 9, which is a plot 
of the aural bearing generator figure-of-eight horizontal plane pattern 
compared with a sinusoidal pattern. With properly balanced outputs, the 
tone null arror8 of the rotating aural pattern should be no greeter than 
the errors of the VOP at any given azimuth. 

Various simulated failures in the aural equipment euch ae a 
shorted or open input line to the sideband generator, shorted end open 
circuits in the aural goniometer rf line, produced negligible change8 Of 
the VOR coursea. However, the unbalance of one of the rf bridge8 in the 
aural equipment Will ceuae large course errors, TO sjmulate such e 
failure, a 52-ohm load WBB paralleled with one of the bridge loads and 
the effect on the bearing error is ehown in Fig. 10. Grid and plate 
tuning end phasing adjustments of the aural sideband generator produced 
a meximum of 0.2" change in the VOR couraea. 

MeaaurementB to check the operation of the aural monitor were 
made by recording the plate voltage of the relay control tube, Input 
for the monitor wae obtained from a cry&al-diode detector mounted at 45" 
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azimuth on the counterpoise edge. The recording covered an operating time 
of 16 hours and showed a pulee delivered to the control tube once each 
minute with only one pulse missed. This Indicates the action of the moni- 
tor to be positive, and that it should give satisfactory operation. now- 
ever, the aural equipment requires e restart feature which restores the 
equipment to normal operation after e power feilure. 

The monitor automatically turned off the aural equipment when 
the detector was moved more than +3" from the 45" ezimuth poeitlon or, 
when the 5S5-cps tone was turned off, 

FLIGST TESTS 

Flight testa were conducted on the aural bearing equipment instal- 
led et the Tllden VOR to determine the accuracy of aural bearings by 
various obeervers. Each observer recorded his interpretation of the 
aural bearing while the flight engineer recorded the Fndlcated bearing of 
the omnireceiver. The observations were made at dietancea of 15 to 20 
miles from the VOR. The interpretation of the observere are plotted 
against the receiver omnibeering in Fig. 11. The bearing error8 of the 
station were neglected since they are small compared to the observer 
error, The average of the various observations Indicate that 88 the ob- 
server galne experience, the interpretations become more accurate. From 
the date in Fig. 11, it ten be essumed that with experience, the average 
observer can be expected to interpret the aural bearing with an accuracy 
somewhat better then $4". 

The distance range for accurate observations is dependent on the 
sl@ral-to-noise iztlo. As the noise level rises (or the signal decreases), 
the width of the aural null increasee, umking the observations less 
accurate. The approximate distance range ii"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 evaluation. 

3. The equipment has en unresolved 180" ambiguity. 

4. The addition of the equipment initially caused the bearing error 
spread of the VOFi to Increase from 1.8" to 2.4". Three weeks later, 
reinstallation of the aurel equipment caused the benrlng error spread of 
the VOR to decrease from 2.2" to 2.0a, 
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5. The rotation of the aural goniometer introduced a maximum 
course variation of ?0.25'. 

6. The observers interpreted the aural bearing with an average 
accuracy better than 54'. 

7. The mnitor included in the equiment operated satisfactorily 
and rendered the equipment inoperative during failure of the tone or shift 
in the null position. ;Iowever, no provision ie made for monitoring of 
the voice bearing announcements. 

8. The most co-n objection to the equipment from the pilot's point 
of view vae that continued uee induces fatigue. 

9 The aural bearing service will be limited when this equipment 16 
installed at a facility with & large volume of voice comwnicationa. 

10. The introduction of the aural bearing generwtz increases the 
probability of an increase In VOR bearing error, however, no substantial 
difficulty was experienkd during the limited evaluation period. 
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FIG I VAOR TIME-SHARING DIAGRAM 



FIG 2 FRONT VIEW OF AURAL BEARING G 



. *. - , . . - . 

FIG 3 REAR VIEW OF AURAL BEARING GENERATOR 
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FIG 4 BLOCK DIAGRAM OF VAOR 



FIG 5 COURSE VARIATION CAUSED BY AURAL GONIOMETER 
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FIG 6 BEARING-ERROR CURVES OF STATION BEFORE AND AFTER 

INSTALLATION OF AURAL EQUIPMENT <” lh,e 



FIG 7 BEARING-ERROR CUR’IES OF STATION RETURNED TO NORMAL AFTER 

THREE WEEKS OPERATION AND WITH AURAL EQUIPMENT REINSTALLED _ *“An. 



FIG S ERROR CURVES OF THE NULLS PRODUCED BY THE ROTATION 

OF THE AURAL FIGURE-OF-EIGHT PATTERN 
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