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STUDIES OF
TACAN MONITOR ANTENNA LOCATIONS

ABSTRACT

Studies and tests have been conducted to determine the proper
location for a TACAN facility monitor antenna. Although the tests were
lIimited to exploration of the near and far-field areas of AN/URN-3 and
AN/GRN-9 TACAN antenna radiation patterns, the advisability of employing
far-field monitoring with all TACAN antennas 15 established.

Unsafe and ambiguous bearing signal monitoring was experienced
with near-field monitor antenna lacations Near-field momtoring was

possible wath an AN/URN-3 antenna but not with an AN/GRN-9 antenna

The use of a horn-type monitor antenna mounted 50 feet or more
from a TACAN antenna 1a recammended.

111
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PURPOSE

The purpose of this task was to determine requirements for
location of a TACAN monitor antenna A basic consideration was that a
monitor antenna and i1ts support should not introduce a course error of
more than , 29,

SUMMARY

The studies and tests were conducted at the FAA Technical
Development Center (TDC), Indianapolis, Indiana. The monitor equipment
used 1in the tests was the MX-1627/URN-3. Near-field momtoring was
found to be difficult and undesirable., Far-field monitoring 1s considered
essential to satisfactory momtoring of the bearing signal elements. Use
of a horn-type monitor antenna i1s recommended to provide greater freedom
from the effects of vehicular traffic in the vicinity

iv



TA 59-436

INTRODUCT ION

With the rapid implementation of TACAN throughout the
nation as a navigational system, it became necessary to install
military equipment for an interim period at VORTAC facllitles
untll civil TACAN equipment became avallable. The TACAN beacon
transponder and antenna to be used for this 1lnterlim period was
of the AN/GRN-9 type. The monitoring equipment used with this
beacon equlpment was the military Radlo Frequency Monltor
MX-1627/URN-3 and 1ts assoclated 1/4-wave AT-592/URN-3 antenna.
Although the manufacturer of the MX—162T/URN-3 monltor had
recommended a monltor antenna locatlon for the AN/URN-3, there
was conslderable doubt as to whether this positlon would be
satlsfactory for the different radlation pattern of the
AN/GRN-9 antenna. Therefore, the CAA Office of Alr Navigatilon
Facilitles (OANF) requested that monitor antenna location
studles be carried ocut for the purpose of establishing a con-
figuration of monltoring antennas which would work for the
military AN/GRN-9 transponder and 1ts assoclated MX-1627/URN-3
monitor equipment.

During the flrst phase of the monitoring antenna location
studles, the AN/GRN-9 antenna and monitoring equipment were not
available. Since the AN/URN-3 antenna was avallable, work was
conducted and completed to gain as much experlience as posslble
in the monitoring antenna locatlon studles before the arrival
of the AN/GRN-9 antenna and monitoring equipment. It was con-
sidered that the signal requirements and monltor antenna loca-
tlon for the AN/GRN-9 antenna would, in general, follow the
requirements for the AN/URN-3 antenna. While the radiation
patterns later were found to differ greatly, the monitor sig-
nal requirements and the bearing error measurement techniques
were found to be the same for both antennas. The eXxperlence
galned with the AN/URN-3 greatly simplified the following work
with the AN/GRN-9 antenna.

DISCUSSION

Upon recelpt of the MX-1627/URN-3 monltor, the monitor
signal requirements were determined in order to establish the
slgnal level and quality that would be necessary from the mon-
1toring antenna for the proper operatlon of a stable and reli-
able monitor. The formulation of signal requirements dilctated
the latitude that could be taken in positioning the monitoring
antennas. Once the proper configuration of monitoring antennas
had been establlished and was furnishing a signal which would
meet the requirements of the monltor, the course error 1ln space
created by such a conflguration of monitoring antennas had to be
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determined. Thls was one of the 1nitlal problems encountered
in the monitor antenna locatlon studles. The established gozal
set by OANF was a maximum error of plus or minus 0.29 bearing
error lntroduced in space by the monitoring antenna. Wlth the
proper arrangement of equipment and technlique, the course error
in space was measured to the accuracy which was requlred for
meeting the established mlnimum course error.

a. Monitor Signal Requilrements: Since the monitor signal
requirements dictate the latltude which may be taken 1n posi-
tioning the monltorlng antenna, certaln baslc requlrements were
determined for the proper operation of the MX-1627/URN-3
military monitor.

The slgnal level requlrements were as follows:

1. The average amplitude of the composite r-f signal
at the monitor input terminals must be of suffi-
¢lent level to provide an AGC voltage at TP-305
of minus 3.5 volts 1n a properly operating monitor.

2, The modulation index for the 15-cps and 135-c¢ps
components should be approxlmately 15 to 20 per
cent each.

The signal quallity requirements were as follows:

1. The quality of the slgnal received by the
monitoring antenna and supplied to the monitoring
equlpment should permit adjustment of the monitor
equipment to provlide monlitoring of the TACAN
beacon to the tolerances for which the monitor
was designed.

2. The waveform of the 135-cps slgnal should he
1dentical in each 400 sector for the preper
operation of the 135-cps monltor bearing clrcults.

3. The detected monltor signal should have adequate
quality to assure nonambiguous monitoring within
the capabllities of the monltor.

The tests which were conducted to determine a suitable
monltoring antenna position were based on these requirements.
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b Determination of Signal Levels* In the exploration
of the signal radlated from the TACAN antenna, an adeguate
signal level, for the proper operaticn of the military monltor,
was avallable to a distance ol 75 feet from t.e TACAN antenna
This was determined on a properly operating AN/URN-3 beacon and
monitor The minimum modulation 1index for the 15-cps and
135-¢cps compconents required for azim th monitoring was found to
be B and 6 per cent, respectively, for a typical MX-1627/URN-3
monltor in order to generate eacn of the monitoring tolerance
gates required in the monitor. The maximum peak modulatlion
level for the combined 15-c¢ps and 135-cps signals that could be
tolerated and still assure adeaquate reception c¢f the random
and reference pulses was approximately 50 per cent Modulation
percentages required for each corponen: were approximately 15
to 20 per cent to assure reliablc monitoring and to allow for
some minor variations and deterioratlion 1n the monitor clrcuits

c. Determination of Signal ~uallity. In studying the
design and performance of the MX-1627/URN-3 monitor, it became
apparent that proper monitoring ol the 15-cps and 135-cps azl-
muth slgnals imposed stringent recuirements on t-e quality of
the signal from the monitoring antenna Thls wa= found esne-
cially true of the 135-cps signal. The military monitor wes
designed to meonitor the TACAN bearing Information fo the
following tolerances. 15-c¢ps tolerance plus or rminus 4 59, and
the 135-cps tolerance plus or minus 0 69. Since these tolerances
were typlcal operational values, they required that the detceted
slignal from the monitoring antenna approach the ideal waveform.
In order to understand the effects of waveform distortion cn
the monitoring of the bearing signals, a brief description of
the monitor bearing circuits i1s desirable.

Monitoring of the bearing infTormation of the TACAN beacon
-8 accomplished by comparing the reference pulses wlth the zero-
axis crossover polnts of each of the two modulation components.
Tne monitor samples both the 15-¢uns and the 135-cps bearing in-
formation in separate circuits These circuits are essentially
alike, and for this reason, the 15-cps bearing circult will be
described as an example

With the detection of the modulation envelope, the l15-cps
and 135-cps modulation components are separated and fed to sepa-
rate phase-shifting networks The 15-cps slne wave 1s then
flltered and shaped into a trigger pulse. This trigger pulse,
initiated at the zero-axis crossing of the sine wave, triggers
a multlvibrator which generates a tolerance gate. This gate is
centered by means of phase-shifting circults and compared in time
with the decoded North reference pulse in a co-ncldence detector
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The output of the coincldence detector is fed to an alarm
circult, which is duty-cycle sensitive. This alarm circuilt
provides a visual indication by extingulshing an Indicator

lamp under alarm conditions (loss of coincidence). The 135-

eps bearing clrcult operation is the same as the one descrlbed
above except that elght of the nine tolerance gates are com-
pared with eight auxiliary reference pulses. Thus, the bearlng
clrcults of the military monitor are deslgned to operate with
no alarm when the decoded reference bursts are colncldent with
the tolerance gates.

The waveform of the 135-cps component had to be ldentlcal
in each 400 sector to assure that each of the monitor tolerance
gates was saimultaneously coincident with the corresponding
auxlliary reference pulses. If the 135-cps waveform was lden-
tical in each 409 sector, the eight auxiliary reference pulses
could be centered in elght of the nine 135-cps tolerance gates.
An 1llustration of this 1s given in Fig. 1, Waveform A, whilch
shows the coincidence conditlions obtalned from an idealized
waveform 1llustrated in Fig. 2. Note that each of the auxil-
iary reference pulses was centered in 1ts respective tolerance
gate. If, however, the waveform of the 135-cps signal variled
in phase from cycle to cycle because the monltoring antenna
did not see a uniform and essentlally distortlon-free signal,
there were less than eight 135-c¢ps gates colncident with their
corresponding auxlliary reference pulses. This is 1llustrated
in Fig. 1, Waveforms C and D, and in Fig. 3. Wilth this amount
of distortion, the monitor could not be adjusted to monitor
the bearing information reliably or to the correct tolerance.

A slight amount of 135-cps waveform distortion could be
tolerated, as shown in Flg. 1, Waveform B, and Fig. 4. Note
that all eight of the reference pulses were coincldent with
their respective tolerance gates, but were not all centered 1n
the gates. This, however, allowed monitoring to the deslred
tolerance, provided that the nonuniformity of the interval be-
tween gates was very small and that the tolerance gate width
could be narrowed sufficlently.

The effects of higher order distortions of the monitored
signal are illustrated in Fig. 5, Waveforms A, B, and C. This
shows that only three auxiliary reference pulses were coincl-
dent with thelr respective tolerance gates. Since the alarm
in the monltor was duty-cycle sensitive, due to the integrating
actlon of the alarm circuit, 1t was posslble to adjust the
monitor to show no alarm with only three such colncidences. In
this situation, monitoring was not rellable or stable, slince a
shift in the bearing signal could result in the coincildence of
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three or more other cocincldence groups. Under certain
conditions, a situation such as this could develop and
broaden the tolerance ¢f the monitor.

An ambiguous conditlon could also be created 1f the
monitor tolerance was adjusted with less than the required
elght colncidence pulses present. An 1llustration of such a
condltlon 1s shown in Fig. 5, Waveform A. Here the 135-cps
waveform was such that three tolerance gates were colncident
wlth three reference pulses, and the remaining pulses were
displaced.

Assume that the monitor initially was adjusted to
provide the required moniteoring tolerance on the basls of the
three coincldences illustrated in Flg. 5. If, in time, the
bearing-1n space should change 1n excess of the preset toler-
ance, as 1lllustrated in Fig. 5, Waveform B, the monltor would
alarm as 1t should, but if the signal should continue to drift
in the same direction, or if the inltilal shift were great
enough, the monitor could pick up ancther group of colncldence
pulses as shown in Flg. 5, Waveform C. Under these condltilons,
the monitor would not alarm while the bearling-in space had
actually shifted outslde the preset deslred toclerance of the
monitor.

In respect to the above examples, the monitor had to be
furnished a signal of such quality as to enable the alarm cilr-
cults to be adjJusted with all of the proper coincident pulses
for which 1t was designed. Adjustment of the monitor-bearing
clrcults with less than eight coincident pulses resulted 1n
unreliable monitoring.

d. Bearing Error Measurements: To establish the bearing
error introduced by a monitoring antenna configuration, a
sultable technique had to be established for measuring small
bearing changes 1n the radiated bearling information from the
TACAN antenna. Since the bearing changes to be determined were
to be 1n the order of plus or minus 0.2° or less and be repeat-
able, it was felt that ground-based measuring techniques, rather
than alrcraft-type flight-checklng methods, would have to be
employed. These ground-based measuring techniques consisted of
locating detecting antennas on a common reference radial at
speclfic elevations and distances from the TACAN antenna.

These detecting antennas would sample the bearling information
at thelr respective locations and detect any bearing change
which would occur due to the presence of a meonltorlng antenna
configuration. In making these error measurements, 1t was
recognized that the environment of the surrounding structures
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would introduce bearing errors in the radlated signal, but
even though these errors would be present, they would remaln
constant. Therefore, any change 1n bearing recorded from the
detecting antennas would be dque to the monitor antenna con-
figuration only. This technique was declded upon and used for
all subsequent bearing-error measurements.

Initially, two detectlng antennas were used, mounted on a
utlility pole and connected to an RT-220A/ARN-21 interrogator.
The detecting antennas were of the DID-DME 1/4-wave type with
the first at the same elevatlon as the center of the TACAN
antenna (horizon), and the second at 8.6° above the horizon.
The detected error was measured and recorded on a Sanborn
chart recorder dlrectly from the d-c veoltage applled to the
vertlical needle of the ID-249 course deviaticon indicator in
the RT-220A/ARN-21 equipment. The major difflculty 1n this
method was the continuous oscilllatory hunting of the ID-307
(bearing indicator) servo system from which the ID-249 1is
driven. Capacltor damplng of the d-¢ indicator circult was
found to be effectlve 1n averaging the deviatiens. With this
approach, tests to determine the bearing error in space caused
by the monltorling antenna, 1ts mountlng assembly, and coaxial
cable were made by employlng the equilpment arrangement illus-
trated in Fig. 6. With this arrangement and the technlque
descrlbed below, 1t was possible to detect bearling changes of
0.05° rellably.

The procedure and technique employed in making ground-
based error measurements as descrlbed above, after callbratlon
of the recorder, were as follows:

Step 1. A zero-error reference reading was established
and recorded with the monltor assembly removed
from the fleld of the TACAN antenna. Thils was
done for each of the detecting antennas. The
respective reccrdings were contlnued for at
least 30 seconds in order to obtaln a good
average and to permlt the detection of any
transient or unusual errors.

Step 2. To determine the degree of course error
introduced, the monitor antenna wasa lnstalled
on the zero-reference radlal and recordings
were made to establlsh the effect of monl-
toring antenna and 1ts assembly 1n thils
pesition. These recordings were made for
each of the detecting antennas.
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Step 3. The second step was repeated with the monitor
antenna positioned throughout 360° in azimuth
in 100 increments.

The 1nitlal tests concerning the establlishment of a
monitoring antenna configuration conslisted of an exploratory
action in the near-field of the AN/URN-3 antenna. These tests
determined the slgnal level quality of the radiated signal at
various distances and elevations from the TACAN antenna. The
exploratory probing action was made on a spec¢lific radial and 1n
a horizontal reference plane through the bottom edge of the
radome cylinder of the AN/URN-3 TACAN antenna. This probing
action resulted in the development of a monltoring antenna
configuration such as that shown 1n Flg. 7. Tests then were
conducted to determine the bearing error Ilntroduced by this
assembly. Test data indicated that the bearing errors lntro-
duced by the monltoring antenna and 1its mounting assembly did
not exceed 0.2°, TFurther tests with thils monitoring antenna
conflgpuration at different frequencles iIndlicated the necesslty
for some vertical adJustment in the monltoring antenna posltlon
to compensate for freguency change. Wlth the use of the
MX-1627/URN-3 monitor, it was determined that this monitoring
antenna conflguration in the near-fleld, wlth 1ts compensating
change 1in vertical height, would meet all of the stated require-
ments. Flight tests were also conducted to determine if any
gross errors were 1lntroduced at hilgh altitudes. The results of
these tests 1ndicated that no apparent gross errors were 1ntro-
duced, and the mountlng assembly shown 1in Fig. 7 was consldered
adequate for the operation of the MK-1627/URN-3 monitoring
antenna wlth the AN/URN-3 antenna.

The same serles of tests which were conducted on the
AN/URN-3 antenna were carried out on the AN/GRN-9 antenna. The
slgnal from the monitoring antenna was fed directly into the
MM-1627/URN-3 monltor. An oscilloscope connected to the
monltor-detector output provided the means for a visual ob-
servation of the radiated signal. By photographlng and re-
cording the information seen at the particular azimuth
colneldent tubes of the moniltor, an accurate indication of
the signal quallity was determined. The 15-cps and 135-cps
modulation components varied radically as the monitor antenna
was moved through the first 30 feet from the AN/GRN-9 antenna.
Using the fleld monitor, areas which provided adequate modu-
lation in the near-field of the AN/GRN-9 antenna were plotted
as shown in Fig. 8. It should be noted that while these areas
provided adequate modulation for the generation of the tolerance
gates, except for two locatlions, the waveform of the detected
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signal was dilstorted to the extent that 1t would not provide
reliable monitoring. In the far-fleld, 50 to 75 feet, 1t was
found that the radlated signal closely approached the ideal
waveform, with the proper modulation percentages for each
component. It was determined that the 15-cps and 135-c¢ps mod-
ulation components are not "formed" sufficiently in space near
the AN/GHN-Q antenna to provide a silgnal of adequate quallty
for reliable monltoring by the MX-1627/URN-3 monitor. Certaln
areas were found in the near-field, however, which did provide
a slgnal of adequate quality for monitoring. The two polnts
marked A and B 1n Fig. 8 were the only locations found in the
near-fleld of the AN/GRN-9 antenna whlch met the monitor sig-
nal requirements described earlier. The location marked A

was the position of the monitor antenna proposed by Rome Alr
Development Center for use with the AN/URN-3 TACAN antenna.

At the request of the Office of Alr Navigation Facilities,
Rome Air Development Center furnlshed the Technlcal Develop-
ment Center with one of the Fiberglas supporting structures
which they had developed for mounting the MX-1627/URN-3 moni-
toring antenna to the AN/URN-3 antenna. Thils structure was
used in positioning the monltoring antenna 1n the near-fileld
of the AN/GRN-9 antenna at location A, Fig. 8. This same
Fiberglas support was found to be usable 1in an inverted posl-
tion for mounting the monitor antenna at locatlon B described
in Flg. 8. When 1t was determined that both of the above
monitoring antenna locations met the monitor signal require-
ments, tests were conducted to determlne the bearlng error
introduced by the monitoring antennas and thelr Flberglas
supports.

The techniques for determining bearing error used for
the AN/URN-3 then were applied to the AN/GRN-$ monitcring
antenna posltions A and B, as described in Fig. 8. In order
to 1lmprove the environmental conditions of the TACAN antenna,
a new site was obtained away from surrocunding bulldings. At
this new site, an AN/TEN-6 moblle TACAN unit was used as the
signal source for the AN/GRN-9 antenna. The equipment 1s 11-
Justrated in Fig., & and was installed at site No. 1 for the
AN/GRN-9 tests. The detectlng antennas were mounted to a
utility pole T4 feet from the AN/GRN-9 antenna. One detecting
antenna was mounted on the horlzon or at the same helght as
the center of the AN/GRN-9 antenna, and a second detecting
antenna was mounted 8.65° above the horizon. The detecting
antenna was located at this angle because 1t was found that
maximum course error was present at thilis angle.

Bearing-error data were first collected with the monltor
antenna located at point A, as shown in Fig. 8. The results
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of the measurements are snown in Fig 3 The error spread was
1 05° along the rorizon, and 2.60° at an elevation angle of
8 6° above the horizon

Bearing-error data were obtained for tre monitor antenna
at position B, as shown in Fig 8 The same procedure was
followed as in t:ie bearing-error measurements made on the
monitoring antenna position A The results of the measure-
ments are shown in Flg 10 The bearing-error spread along
the horizon was determined to be O 55°, and tne error spread
at 8.6° above tre horizon was 1 75°

In order to check the validity of ground-based error
measurements, the AN/GRN-9 antenna was moved to a different
silte At slte No 2 the bearing-error measurements were re-
peated with the monltor antenna at position B At thia site,
bearing-error measurements could be obtalned at two different
laboratories simultaneously, to verify tne measuring technique
These laboratories were located approximately 2,300 feet from
tre AN/GRN-9 antenna with a horizontal separation of 19° in
azimuth The elevatlon of the two sltes was determined Tne
bearing-error curves were corrected for the azimuth difference
of the two laboratoriles In an analysis of the data, whicn
is shown in Flg 11, it should be noted that the phase and
magnitude of the 135-cps errors agreed closely The 15-eps
error spread, detected at a vertical angle of O 86° with respect
to the horizon, was 2.35°, while the 135-¢ps error spread was
0 65° The 135-cps error spread at the other laboratory, with
the detecting antenna at an elevation of 0.78° with respect to
the horizon, was also 0.65°.

Further efforts were made to detect gross errors in space
due to the monitoring antenna through orbital flignts at var-
ious altitudes to 10,000 feet by using the theocdollte measuring
technlque. Tne theodolite-checked flights showed no gross er-
rors, but were not considered accurate enough to check the
bearing error to the accuracy of plus or minus O 2° The error
data obtained from the theodolite flights with and without the
monltor antenna in place are shown in Figs. 12, 13, 14, and 15

In view of the bearing-error IlIntroduced by tte monitoring
antenna when i1n the near-field of the AN/GRN-9 antenna, further
investigations were conducted in the far-field of the AN/GRN-9
antenna The radiated signal, at distances of 50 to 75 feet
from the TACAN antenna, was found to meet all the monitor sig-
nal requlrements necessary for the proper operation of the
monitor.
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The Office of Air Navigation Facilitles requested trat
further studies be carried out for tne purpose of determining
the proper mounting position of the MX-1627/URN-3 monitoring
antenna on a metallic pole in the far-field of the AN/GRN-G
antenna. Tnese studles were made to determine the proper
spacing of the monltoring antenna from the metallic pole for
good slgnal level and gquality, and also to determlne tlre effect
of moving vehicles 1n the area of the monitoring antenna
Site No 1, previously described, was used for this study The
utility pole was wrapped witlh metallic foll in order to simulate
a metal pole, and a monlitor antenna mounting bracket was fab-
ricated which would permlt varylng the spacing of the monitor
antenna from the reflecting surface of the utility pole

In order to measure tne effect of monitor antenna to pole
spacing on available monitoring signal level, tne AN/GRN-9
antenna (nonrotating) was driven by a continuous-wave (cw)
slgnal generator The monltor antenna was connected to a
sultable receilver and indicator i1n a manner wnich would permit
recording the change in signal level as the monltor antenna-to-
pPole spacing was varied in small 1lncrements

Relatlve signal strength was recorded for the monitoring
antenna and a plot of these data 1s shown in Flg. 16 It was
determined that a spacing of from 8 to 10 inches was required
for optimum adjustment due to frequency c.ange. Tne beacon
was operated on Ciannels 20 to 63 for the low-band AN/GRN-9Q
antenna Waveform distortion withln the range of adjustment
was found to be negligible, and the signal level and quality
were evaluated on the basis of a properly operating monitor
and 1n accordance with the monltor signal requlrements.

Tests were conducted to determine the effects of moving
vehicles on the detected signal. The monitor was adjusted for
the proper tolerance with the antenna-to-pole spaclng adjusted
at optlmum. A nhalf-ton panel truck was driven in a spiral
about tre AN/GRN-9 antenna to a maximum radius of approximately
5 feet from the AN/GRN-9 antenna At a radius of 37 and 49
feet from the AN/GRN-9 antenna and between tne AN/GRN-9 antenna
and the monitor antenna, as shown in Fig. 14, the monitor in-
dicated an alarm on the 135-cps information. These alarm
indications were present only momentarily as the venlcle was
driven througn a specific area, but if the vehicle remained
in one of t ese speclific areas, the alarm condltion would con-
tinue This alarm condition was caused by a pase s-ift in
tre recelved signal It srould be recognized that tne TACAN
antenna and monitoring antenna were located only 20 feet

10



TA 59-436

above the ground and would be more susceptible to reflective

surfaces than in a typical 1lnstallatlion, illustrated in
Flg. 17.

11
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CONCLUSIONS

Near-field monitoring of TACAN facilities employing the
AN/URN-3 antenna 1s possible but should be avoided Far-field monitoring
should be employed with all TACAN antennas to avoid the criticalness of
monitor antenna positioning and the high potential for unsafe monitoring
inherent to near-field monitoring.

Monitoring antennas should be located at a radius of 50 feet or
more from a TACAN antenna and at an elevation corresponding to the cen-
ter of a TACAN antenna The MX-1627 monitor has been found to have ad-
equate sensitivity for use with URN-3 TACAN facilities wherein the monitor
antenna 1s 75 feet dustant

Where freedom from the effects of vehicular traffic 1s desirable,
a2 horn-type monitor antenna of small dimensions should be used

12
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