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EVALUATION OF THE TACAN SYSTEM=*

SUMMARY

[his report describes an evaluation of TACAN ({the military short-range navigation
system) conducted by the Technical Development Center of the Civil Aeronautics Adminis-
iration, lndianapolis, Indiana The evaluation consisted primarily of approximately 120 hours
of flight tests 10 DG -3 type aircraft and various laboratory tests Results of the evaluation
revealed that

I Insofar as information suppled to the aircraft 1s concerned, that 1s, bearing and
distance from the ground station, TACAN 15 1dentical to the present CAA VOR/DME systemn

2 TACAN 1s subject to siting errors similar to those of the VOR

3 TACAN s nct smitable for civil use because of 1ts complexity and attendant
unrehiability

4 Complexity of the equupment renders TACAN impractical for use in small aircraft
for reasons of weight, space, and economy

5 The propagation characteristics of the frequency band occupied by TACAN are .t
reliable for that service

INTRODUCTION

TACAN {Taciical Air Navigation) originally was developed for military tactical use as
a tho i~-renge navigatiom systemn providing continuous position information 1n terms of polar
co-ordinates relative to fixed or mobile bases The very~high-frequency omnirange,
distance-measuring equpment (VOR/DME) system now 1n widespread use 1s a similar
system, providing information in the same terms, although major equipment and frequency
differences exist between the two systems It has been shown previously that there 1s no
practical way of rendering the two systems compatible 1.2

Pursuant to a solution to this dilemma, implementation of TACAN 1n the domestic
Unite 1 States as a replacement for VOR/DME has been proposed, to permit military aircraft
to employ a single airborne equipment tor either tactical or nontactical navigation Because
such a2 move would have a tremendous umpact on the thousands of users of VOR and/or DME,
and because 1t would 1involve a major and expensive procurement, training, and reinstallation
program by the Civil Aeronautics Admimstration, the military services afforded the Depart-
ment of Commerce an opportunity to evaluate the TACAN system Accordingly, ground and
airburne TACAN equipments were made available to the CAA for installation and testing at
the Technical Development Center

A number of prior evaluations had been conducted covering various aspects of the
TACAN systern, notably, the evaluation performed by Melpar, Inc , under Air Force contract,3

*Report submitted for publication November 1955

lcommﬂiee on Compatibility of DME, Final Report, September 22, 1953, prepared for
Secretanies of Defense and Commerce

2 The term '"'compatible” refers to the use of a single airborne equupment capable of
deriving information from both TACAN and VOR/DME ground stations

j"Fmal Engineering Report on Short Range Tactical OBD Evaluation Program (TACAN),"
Volumes I and II, Melpar, Inc , Alexandria, Virgima, January 16, 1954



earlier Navy evaluations at the Naval Air Test Center, Patuxent River, Maryland,4 and a
VOR/DME-TACAN co-location evaluation conducted at the E.ome Air Development Center,
Rome, New York, by the Air Force with TDC participation 7 Although the reports on these
evaluations contained a great deal of factual data, i1t was not possible to draw from them any
direct comparisons between the operating characteristics of TACAN and the civil VOR/DME
system This was particularly true with respect to the azimuth portions of the two systems

Waide experience with VOR by the CAA has demonsirated that on a practical basis the
azimuth accuracy of the system 1s generally limuted by siting errars In the absence of siting
errors, 1t has been shown that equipment, including transmatters, receivers, and antennas,
may be readily designed which will produce over-all system accuracies of the order of 1 0°
Equipments providing system errors of 1 5° not only are available comnmercially, but they
are currently i1n use 1n civil and military aircraft and as a part of the Federal Airways
ground system

A study of the TACAN systern indicates that TACAN azmmuth accuracy also should be
susceptible to siting errors Siting error exasts when the field at the airborne antenna 1s the
resultant of components arriving over multiple paths Multiple=path transmission occurs
because of the reflection of energy from objects such as trees, hangars, and wires 1n the
vicimty of the ground station As the aircraft moves, the lengths of transmission paths
change, causing corresponding changes in the phase relationships between the fields arriving
at the receiving antenna Accordingly, the detected intelligence fed to the azimuth-determining
circuits of the receiver denctes instantaneous azimuth information which varies with the rela=
tive amplitudes and phases of the cornponent fields The resultant fluctuation of the azimuth
indicator 1s known as scalloping In special cases the amplitude and frequency of scalloping
may be predicted with a good degree of accuracy,® however, in practical cases where many
wave reflections are present, it 1s almost impossible to determime the severity of the
scalloping which will occur

Fundamentally, the severity of the scalloping depends upon (1} the relative amplitude of
the direct and reflected energy, and {2) the scalloping frequency The ratic of direct energy
to reflected energy, which 1s likely to be encountered at any given time, cannot be predicted
with accuracy 1n a practical case Among the variables which preclude an accurate compu-
tation of this ratio are the elecirical properties, geometrical size and shape, depelarization
characteristics, and movement of the multitude of reflecting objects which invarably are
present at all except perfect sites It 1s fundamentally true that the efiiciency of an object
as a reflector increases as i1ts dimensions 1ncrease in wavelengths Thus, objects which
are relatively poor reflectors at VOR frequencies {112 Mc to 118 Mc) may become very
efficient reflectors at TACAN frequencies (960 Mc to 1215 Mc)

Scallpping at frequencies above a few cycles per second may be damped out easily, and
1t does not result in operational tnaccuracy Scalloping at lower frequencies, particularly
below one cycle per second {cps), cannot be damped out completely without rendering the
instrumentation sluggish to the point that flying a straight course becomes almost impossible.
Everything else being equal, the frequency of scalloping varies directly with the radio fre-
quency employed by the system One of the primary goals of the TDC evaluation of TACAN
was to determine the derogation of azamuth accuracy resulting from reflected energy
recelved over indirect paths between the transmatter and the aircraft

EQUIPMENT

Installation
The following TACAN equipment was made available o TDC

1 ARN-21, Serial No 63 (airborne TACAN unit)
2 ARN-21, Serial No 52 (airborne TACAN unit)

4"IF':.n.'a.l Report, Observation of TACAN," Evaluation at Naval Air Tesi Center,
Patuxent River, Maryland, October 20, 1953

5"TACAN/V0R Co-Location, Phase I," and "TACAN/VOR Co-Location, Phase II,"
Rome Alr Development Center, Rome, New York

65 R Anderson and H F. Keary, "VHF Ommrange Wave Reflections from Wares,"
CAA Technical Development Report No. 126, September 1950



Fig 1 Typical Airborne Antenna Installation

3 URN-3, Serial No 12 {(ground TACAN unit)
4 URN-3 Sumulator (test equipment for ARN=-21)

In addition to these basic equipments, TDC was supplied with adequate spare parts by
the equpment manufacturer For the airborne equipments (ARN-21), these spares consisted
largely of spare subunits The ARN-21 configuration consists of a main base chassis on which
are mounted a number of subchassis All electrical connections are made through multi~
pin plugs on the subchassis and through mating rTeceptacles on the base chassis In general,
each subchassis contains all of the components and circuitry required to perform one of the
basic ARN-Z21 functions, such as decoding, range tracking, or azirnuth gating

Both ARN-21 equipments were supplied complete with instrumentation and mounted on
breadboards with all interunit cabling 1n place Thus, installation was simple and flexible
All ihree of the TDC DC-3 aircraft are equipped with work benches at which both 115-volt,
400~cps ac and 28-volt dc are avdilable through a combination receptacle In addition, all
aircraft weres already equupped with antennas sutable for TACAN operation These antennas
were designed for DME service which operates 1n the same frequency band as TACAN
Severnl antenna location: were available on each atrcraft Early experimentation with
various localtons revealed that antennas undeineath the aircraft fuselage are most swmtable
This confirmed earlier experience with locating DME antennas Both half-wave and quarter-
wave antennas were employed wilh no observed differences 1n periormance The particular
aircraft employed ior any specific flight test was determined by expediency and availability,
and no recogmzable differences 1n recorded data were observed as being related to the
partticular aircraft in which the installation was made Faigure 1 1s a photograph showing
a typical antenna installation beneath the fuselage of a DC-3 aircraft

With the exception of site No 2, installanion of the URN=-3 was also a relatively simple
matter. At sites Nos 1 and 3, housing for the equipment was available At site No 2, the
equipment shelter formerly employed at site No 1 was relocated, and because no commercial
three-phase power was availlable, an engilne-driven alternator was placed 1n service This
untt provided more than adequate power, however, due t0 the inconvemence of replenishing the
gasoline supply, the URN-1 at site No 2 was operated during the working day only At the
other two sites the URN=-3 remained 1n continuous operation

Maintenance and Reliability

Substantially more equipment maintenance was required for TACAN than 1s acceptable
when gauged by electronic~equipment standards for civil aviation Although TACAN 1s pur-
portedly beyond the development phase and in production, the reliability of the equipment 1s
substandard The unreliability exhibited 1s believed due primarily to the complexity of the
systemm Considering the large numbers of tubes and components required and the space
Iirmitations involved, 1t 1s reasonable to expect a2 high rate of failu1e For example, 1t 15
recognized by CAA that DME interropators probably never will attain the average operational
Irfe betweean breakdowns achievable with VOR receivers The fundamental reason 15 the same
the DME interropator 15 far more complex than the VOR. receiver Simzilarly, an ARN-21



unit cannot be expected to possess reliability characteristics equal to those of a DME interro-
gator, because the airborne TACAN umt performs all of the basic functions of the interrogator
in addition to the azimuth-determining function Ne criticism of the manufacturer's design 1s
intended Considering the complexity of the systern and the space and weight restrictions, 1t
15 believed that the final design represents an outstanding engineering achievement

Following 15 a tabulation of fallures encountered with the ARN-21 equipments

1 Preselector cavity arcing, 2 9ccasions.

2. Relay failure (K-901), 2 occasions

3 Tube failure (V-207), AGC circut,

4. Condenser failure (G-204), video decoder

5. Delay line failure {L-202), video decoder

6. Resistor failure (R-347), electronic azimuth gate.

These specific failures were far outnnmbered by cases of intermittent and/or erratic
failures in flight which were self-correctiing, precluding subsequent diagnosis in the labora-
tory. ARN-21 equipmenl. were 1n operation for a total of 150 hours, wncluding apprommately
30 hours of operation on the test bench.

Failures occurred in the following components of the URN=-3 equipment during the
course of this evaluation.

Cawvity short, second doubler.
Tube {V-621), Type 2DZ21W
Tube Ev-4), Tvpe 8020,
GCavity shori, quadrupler,
Tube (V-103), Type 6AK5W.
Tube (V—104L Type bAKSW.
Tube {V-1501), Type 4X150G.
Capacitor {C-127).

Tube {V-1096), Type B020

10 Tube (V-1302), Type 4-1000A.,
11. Tube (V-1303), Type 371-B,
12. Relay (K-1301).

13 Tube (V-1403), Type JRC-5763

OO0 ] O N s W DN e

In spite of the longer list of faalures for the ground equipment, the URN-3 generally was
much more reliable than were the ARN-21 umts This statement 1s justified on these grounds;
(1) the URN-3 was operated approximately 2000 hours, and (2) ARN-21 equipments consistently
exhibited random and erratic periods of operation which have not been recorded as breakdowns
but were caused by general instabilities

During the period the TACAN system was undergoing evaluation at TDC, there were a
number of observed phenomena which are worthy of mention

! At the very beginming of the evaluation program, it was discovered that the modulator of
one of the two airborne units had a pulse-repetition frequency very near 135 cps during the
time of distance-indicator search This resulted 1n rhythmic swinging of 8° of the course-
dewviation indicator Maintenance persconnel replaced the modulator subchassis with a new unit
and the condition did not recur

2 Early in the flight-evaluation program, it was noted that in areas of very low field
intensity the distance indicator would unlock, search, then lock on some signal which always
indicated 199 miles, regardless of distance from the ground station. Mainienance personnel
corrected the situation and reported that the false distance indication was caused by signals
from a 42-Mc crystal-saver oscillator leaking 1nto the ranging carcwis of the distance-
indicating portion of the airborne umt

3 Scattered throughout the flight evaluation of the TACAN system, there were 11 occa-
sions when the azimuth indicaior weni into search and then locked at a completely erroneous
bearing with no flag-alarm indication In one i1nstance the bearing was in error by 160°, and
on the remainder of the occasions 1t was 40° or B0® in error On each of these occasions
the aircraft was i1n an area of low field intensity and moderate to heavy scalloping.

4 The repeatability of azimuth search on orbital flights was unpredictable 1n many border
line cases Different airborne units and the same unit on different occasions seemed 10 be
able ta tolerate various amplitudes of scalloping before going into search. During one orbital
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Fig 2 Damping Factor, VOR and ARN-21

flight, the azimuth indicator went into search si1x different times, the orbtit was immediately
repeated without a single search When an azimuth search could not be repeated, 1t was not
included in the data presented in this report

S51ze¢ and Weight

As a matter of general information, the number of tubes, weight, size, and power
consumption of the TACAN airborne unit and the YOR/DME airborne units are histed for
COIMPAaTriSon Purposes

TACAN

1 Size, 3/4 air transport rack {ATR) (The width of the unit 15 the same as a full ATR,
but the length 15 less, hence, the 3/4 ATR rating )

2 Total weight less cables, 72 pounds

3 Power consumption, 17 watis at 28 volts dc and 480 watts at 115 volts ac, 400 cps

VOR/DME
1 VOR (Collins 51R-3)

A Size, 1/2 ATR

B Total weight less cables, 52 pounds

C Power consumption, 127 watts at 27 volts dc
2 DME (Model DIC)

A Size, 1/2 ATR

B Total weight less cables, 32 pounds

C Power consumption, 175 watts at 27 volts de

The weights, sizes, power, and number of tubes of the TACAN and VOR/DME airborne
units may be compared as follows

TACAN VOR,/DME
Weight, less cables 72 pounds 84 pounds
Size 3/4 ATR Two 1/2 ATR umits
Power 497 watts 302 watts

Tubes 76 60



VOR/DME total weight may be reduced to 76 5 pounds if the Collins Radio Company 51R~-3
VOR receiver 1s replaced with the Collins AN/ARN-19 (XA-1) umt which was developed for
the Air Force on Contract No. AF-33(038)-6341 This also would reduce the total power
consumption to 284 5 watts, an important consideration 1n many civil and military aircraft

These considerations are related to the use of a combined azimuth-distance system
Thousands of private-flyer aircrait are presently equipped with the VOR azimuth system
only, and a large percentage of these probably never will be equipped with distance-
measuring equipment for reasons of cost, weight, space, and power consumption. Typical
of the VOR receivers used by this class of aircraft are umts having the following character-
1stics which also include air-to-ground voice-communication transmitiers

I. Weight, 10 to 20 pounds.
2. Power consumption, 60 to 85 watts d-c.
3 Cost, approximately $500 to $900

At the present time, no TACAN counterpart of a private-flyer VOR receiver is avail-
able Development of a TACAN "azimuth only” receiver possessing characteristics equv~-
alent to those enumerated will require years of development and will require the solution of
many very difficult engineering problems

In these comparisons, 1t should be pointed out that the TACAN equipment does not
provide any volce-communication service, whereas VOR equipments include this feature

SPECIAL TESTS AND OBSERVATIONS

Indicator Damping

In evaluating fluctuations of the course~deviation 1ndicator {CD1) due to scalloping, 1%
was found necessary to deterrmine the effective degree of mechamcal and electrical damping
impased upon the ID-307 indicator (TACAN equivalent of the VOR omnibearing indicator).
It 1s recognmized that the degree of damping 1s a factor which, within limits, 1s under control
of the designer or even the field engineer, however, the optimum amount of damping must
itake the operational aspect of "flyability" into consideration., In the case of the VOR receiver,
essentially all of the damping 15 accomplished by employing a capacity across the terminals
of the CDI On the other hand, damping of the ID-249A (TACAN CDI) 1s accomplished
largely through mechanical means because 1ts deflection 15 determined by the position of the
servo-driven shaft which drives the ID-307 indicator. Only a 1-microfarad (mfd) "wiggle"
filter 1s used for electrical damping at the ID-249A terminals

A number of tests had been conducted previously on VOR receivers to determine the
relationship between damping and scalloping frequency In order to obtain equvalent infor-
mation for the ARN=-21, a normal signal from the TACAN simulator was fed into the ARN-21
terminals through a General Radio Company crystal modulator A variable-frequency audio
signal was injected into the modulator as a modulating voltage By varying the audio frequency
about a center frequency of 135 cps, any desired scalloping frequency could be simulated In
Fi1g 2 the recorded deflection 1s plotted as a function of scalloping frequency for a constant
scalloping amphitude On the same curve 15 a comparable curve of a Collins 51R-2 VOR
recelver with a 2680-mfd wiggle filter The data for the two curves were obtained 1n a
similar manner and reveal almost identical damping characteristics By addition of capacity
across the CDI, preater damping can be effected with either TACAN or VOR, however,
excessive damping 1s operationally undesirable, inasmuch as the resultant lag in deflection
of the CDI makes it difficult to fly straight courses with accuracy

Phaser Plate Rotations

Previous evaluations by other agencies and the imtial tests at TDC revealed the
presence 1n the TACAN system of a characteristic cyclical error, the magnitude of which
varies somewhat with different ARN-21 umits. Consultation with equpment-manufacturer
engineers indicated that these cyclical errors were primarily due to two circuit deficiencies,
one 1n the ground equipment, and one in the airberne equipment Inthe ARN-21 umt, the
output of a circuit operating as a peak-riding detector exhibits a nonlinearity at the tame of
reception of the reference-pulse bursts These reference pulses occur at a rate substantially
higher than the average, causing a periodic change 1n the duty cycle. The peak-riding detector
translates this change 1n duty cycle to an instantaneous change 1n the amplitude of the detected
envelope. Consequently, a fixed-phase error 1s i1ntroduced into the azimuth-measuring
circuits Added vectorially to the variable-phase signal as the aircraft azimuth changes, the
resultant error 1s cyclical 1n nature.
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In the URN~3 unit, the reference-pulse bursts, with the attendant instantaneous
increase 1n duty cycle, are again responsible for a cyclical error, The modulator-power
supply has insuvfficient filtering, as a result, there 15 insufficient time for recovery to full
voltape between successive pulse pairs of the reference bursts., The effect 1s amplitude
modulation of the r-f energy fed to the antenna, taking the form of a "droop'' 1n the output
level occurring during the reference bursts., Since azimuth accuracy of the TACAN systemn
depends upon a constant r-f current being delivered to the antenna, with the only amplitude
modulation produced by the parasitic elements 1n the revolving cylinder of the antenna,
again a cyclical error 1s introduced.

The magnitude of this error may be examined by manual rotation of the phaser plate
of the URN-3 antenna This plate controls the time of generation of the reference-pulse
bursts Normally, in a ground i1nstallation the phaser plate 15 in a fixed position so that the
pickup devices are oriented at the proper places for generation of the reference bursts at 0°
magnetic and at 40° intervals therefrom Provisionis made for rotation of the phaser plate
s0 that 1t may be oriented automatically in mobile installations. By manual adjustment of
this control, the indicated north of the system may be rotated through a full 360°, If thas 1s
done, and if at a remote point the azimuth indications of an ARN=-2] are recorded and plotted
against the angle of rotation of the phaser plate, the cyclical errors previously described
are apparent

An alternate method of obtaimung data of this type 1s through the use of the URN-3
simulator which may be adjusied to simulate any azimuth When using the simulator, the
contribution of the URN-3 to the cyclical error obviously 1s elimnated,; as are any
discrepancies caused by reflections between the URN=-3 umit and the remote receiving point.

Cyclical-error data were obtained by rotating the phaser plate at sites Nos. 1, 2, and 3.
The error curves are shown in Figs 3, 4, and 5, respectively. Figure b shows the difference
between two ARN-21 units The data were obtained at the same s1te on the same day.
Figure b shows the cyclical error of an ARN=-21 airborne equipment, using the URN=-3
simulator as a source of azimuth si1gnal.

It should be noted that the total error spread i1s approximately 2.5 using the site as
a signal source and only 1 5° using the simulator as a spource, this indicates an appreciable
contribution of the URN-3 to the total error spread Because of the possible effect of
reflections between the URN-3 site and the monitoring station, it 1s believed that the entire
depgree of improvement 1s not due to elimination of errors contributed by the URN-3,
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Distance Accuracy

Recognizing that the distance-measuring principle of TACAN 15 identical to that
employed by civil DME, no particular effort was made to determine the distance accuracy
of the particular TACAN equipments under test The few spot checks which were made of
TACAN distance accuracy, however, usually revealed distance errors greater than those
normally exhibited by civil DME interropators employing the electromechanical strobe-
ranging circuitry similar to that used 1n the ARN-21. Errors in excess of those which would
normally be expected from this type of ranging circuit are believed to be due to hunting
and/or sticking of the distance-track motor because 1nstances of both were observed on
numerous occasions Both the TACAN system and civil DME are believed to be inherently
capable of distance accuracy equal to that required operationally

TACAN-DME Interference

At site No. 1, the URN=-3 umit was located approxumately 900 feet from a commaissioned
DME ground facility {(transponder). This transponder (Type DTB) was operating on DME
channel No, 19 which prescribes a DME ~interrogation frequency of 986 Mc (frequency to
which the transponder receiver 1s tuned), The URN-3 was originally tuned to TACAN
channel No. 27 which prescribes a transmitting frequency of 988 Mc. The band-pass char-
acteristics of the DTB receiver, coupled with the spectrum characteristics of the URN-3
transmission, plus the difference between the pulse spacing of the TACAN transmission and
the pulse spacing acceptable to the DTB, indicated that no interference problem should exist.
Tr.nsmissions from the DTB were cbserved at a point approximately one maile distant, using
the receiver cutput of standard Type DID and DIC DME interrogators No abnormal trans-
? 3lons wetre observed from the DT3B, indicating that the TACAN was not interrogating the

transponder. Furthermore, the DME 1nterrogators successfully latched on the DTB

‘nsponder, and the assumption was made that DTB operation was unaffected by the URN-~3

»t a later date, CAA maintenance personnel reported intermittent shutdown of the DTB by the
built-in monitor A careful examination at the site revealed that although the TACAN trans-
missions were not tripgering the DTB, they were appearing at the DTB receiver output and
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were being counted as noise pulses by the DTB-AGC circuit which then automatically reduced
the receiver gain Reductions in receiver sensitivity as high as 30 decibels {db) were
observed In order to insure that no mutual interference would exist, the URN-3 was retuned
to channel No, 37 which resulted 1n a transmitting frequency of 998 Mc, 12 Mc above the
recelving frequency of the DTB. Tesis made at this time revealed no derogation of DTB
operation, and channel No. 37 or higher channels were employed for the remainder of the
tests.
' Another DTB transponder, operating on DME channel No 64 (interrogation frequency
973.5 Mc, reply frequency 1203.5 Mc), was located approximately one-half mile from the
laboratory which was used for maintenance and adjustment of the ARN-21 equipments For
purposes of momtoring, DTB transponders are triggered internally at a random rate of
approximately 50 pulse pairs per second. These transmaissions at 1203.5 Mc caused intoler-
able interference with the ARN-21 when 1t was tuned to channels having receiver frequencies
within 2 or 3 Mc of 1203 5 Mc. The interference was exhibited in the form of random and
persistent latching of the azimuih indicator on false bearings

It 15 concluded from these two observations that DME and TACAN cannot be expected
to operate satisfactorily with common frequency assignments or without a reasonable guard
band assigned between frequencies employed by the two services.

Coverage

Although coverage of the TACAN system 1n general was shown to extend nearly to radio
line -of-si1ght, on numerous occasions discontinuity of 1nformation and consequent azirmuth
and/or distance search were observed within theoretical line-of-sight This occurred when
system-power outputs and sensitivities were normal These discontinuities are believed to
be due to one or more of the following causes, occurring erther singly or in combination

1 Reduced field strength resulting from unfavorable alrcraft attitude (shadowing of the
airborne antenna during turns)

2. Flight within null zones 1n the vertical pattern of the URN-3 antenna

3 Atmospheric anomalies

When considered on a practical basis, the frequency band of TACAN tends to apgravate these
conditions

Variations 1n the horizontal polar pattern of the airborne antenna of 9 db, and in the
vertical polar pattern between +30° {the vertical plane sector of sigmficance} of 18 db, have
been established for an antenna installation beneath the fuselage of a DC-3 aircraft Yet,
this location has been established as optimum 7

By far the greatest percentage of flight {particularly 1n the case of civil-aircrafi
operations) 1s carried out below elevation angles of 5° with respect to the ground facility
In the case of TACAN, as many as 20 nulls will be found in this flight zone, whereas the
lowest VOR null,which has insignificant depih, 1s at an elevation angle of approximately 20°

In addition, with respect to coverage, the overhead cone of TACAN 15 appromimately
95° wide com'pared with a width of about 30" produced by 2 four-loop VOR antenna

The fact that propagation in the 1000-Mc region 1s characterized by violent and
frequent fluctuations of field strength, even at distances well within line-of-s1ght, has been
reported by the Naticnal Bureau of Standards 1n continuous propagation tests of more than a
year's duration 8 n, 'fadeouts' or prolonged periods of attenuation often 1n excess of 20 db
below the monthly median level and lasting frorn a minute up to several hours' were experi-
enced., Simultaneous tests were made at 1046 Mc, 192 8 Mc, and 100 Mc The recordings
"illustrate the sigmficant fact that these prolonged space-wave fadeouts are of imporfance
only at the higher frequencies " The fadeouts are shown to be dependent on meteorclogical

7”F1nal Technical Report on Phase Il of Omni Directional Airplane Antenna Studies,'
Case 3-12-78, Radio and Radar Components Division, Federal Telecomnmunication
Laboratories, Nutley, New Jersey, September 1953

BBrarlford R. Bean, "Prolonged Space-Wave Fadeouts at 1,046 Mc Observed in
Cheyenne Mountain Propagation Program," Proceedings of the IRE, May 1954
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conditions, and 1n conrclusion it 1s recommended that "when planmng UHF navigational systems
intended to operate throughout the twenty-four hours of the day in all seasons of the year .
the transmitter power should be increased enough to insure the degree of reliability required.”
The system sensifivity of TACAN 15 not adequate to insure reliable line-of-sight
coverage 1n the presence of the previously itemized inherent handicaps, considering also that
as a function of frequency, the TACAN systemn suffers a 20-db loss when compared with a
systemn operating at one-tenth of this frequency
It 1s recogmized that the ci1vil DME system 1s designed for operation in parts of the
same frequency band occupied by TACAN, and 1s therfore subject to the same deficiencies
discussed From an operational point of view, however, the effects are considered much less
severe for the following reasons,

1 DME may and does safely employ memory circuiis effective up to 20 or more seconds,
as desired This memory 1s adequate to permit continmity of distance ipformation under the
great majority of adverse conditions caused by unfavorable aircraft atfitudes and by flight
through ground nulls and through the cone above the station,

2. The operation of DME 15 independent of the ratio of reflected- to direct-path energy,
which increases .n nulls,in the cone, and 1n unfavorable aircraft attitudes There are no
errors 1n distance 1ndication equivalent to the characteristic "scalloping" errors of the
azimuth-measuring systems, including TACAN, The magnitude of these errors increases
with the ratio of reflected- to direct-path energy.

3 An ammuth system 1s of primary value to navigation, distance information, although
a valuable asset, 15 secondary All present-day civil-aircraft operations are based on this
philosophy. For this reason, maximum effort should be directed toward implementation and
operational usage of a sound and reliable azimuth system.

FLIGHT TESTS

The flight-test data presented were obtained in the course of approximately 120 hours
of operational flignt evaluation of the TACAN systern The TACAN ground station was tested
at three different sites, Figare 7 shows the location of the three sites with respect to
hangars and runways During the flight-test program, recordings were made of the course-
dewviation indicator {CDI), distance indicator, and automatic-gain-control (AGC) voltage of
the TACAN a.rborne umdt,

The course-deviation-indicator recording was obtained by amplifying the CDI input
voltage with a Microsen d-c amplifier, the output of which actuated an Esterline-Angus
2.5-0-2 5-ma recorder In order to obtain relhiable data from the airborne umt during a
given flight test, a recorder calibration was made prior to each flight test to check recorder
deflectron and direct conversion to degrees of course displacement In flight-testing the
TACAN system, several thousand feet of recordings were cbtained. The presentation of
course data requires a method of data condensation so that the results of a large number of
flight tests may be presented in a manner which 1s clear, concise, and readily available. The
data-condensation methods used in presenting azimuth information on orbital and radial
flights follow

Orbital Flights.

In order to obtain a rapid sampling of the courses radiated by the TACAN system,
circular flights around the station were made at various radii and altitudes This type of
flight was made to obtain data on azimuth accuracy and scalloping. One of the major items
for investipation was determination of the effect of siting on the operational performance of
the system. The scalloping data obtained on orbital {l.ghts were used to determine the
location of objects 1n proximity to the ground station which reflect, shadow, or reradiate
energy to produce course scalloping. Scalloping data in this report are presented in graph
form, In these graphic presentations the scalloping amphitude 1s plotted every 10° through
360° of azimuth The scalloping amplitude plotted at each 10° point represents the maximum
scalloping encountered at any azimuth within +5° of the plotted point. When sectors of
extreme scalloping or field attenuation were encountered, the azimuth-indicator "search" 1s
shown as a shaded area throughout the sector in which the search cccurred. [t will be
observed that scalloping on successive orbits due to the same reflecting object 15 not plotted
at the same i1ndicated azimuth 1n all instances This 15 because the scalloping occurred very
near the limit of +5°. The 1dentification of objects responsible for specific recorded
scalloping was determined by analysis of the recordings and the point-by-point data
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Radial Flights,

The maximum scalloping amplitude recorded during each 5 miles 15 plotted at the end
of the respective 5-mile traverse For example, if the maximum scalloping amphitude
measured between 5 and 10 miles was x1.1° (CDI deviation) and occurred at 8 5 miles, the
1 1° would be plotted at the 10-mile point on the graph. This method was used when the
scalloping amplitude represented near average scalloping for the 5-mile section., bewvere
and abrupl deviations from the near average scalloping amplitude were plotted pcint-for-point
until uniform scalloping was resumed. Sectors of azimuth search are shown as shaded areas
which represent the distance traversed by the aircrait before azimuth information was aga.n
available.

During all flight tests, recordings also were made of the automatic-gain-contral
voltage An AGC test point on the airborne TACAN unit provided a readily accessible pickoff
point for measurement The normal operating range of this voliage varied from -3 to -5
volts A 3-volt buclang voltage was inserted in the circuit, and .sith the aid of a Microsen
d-c amplifier, full-scale recorder defleclion over this range was obiaimed. The recordings
provided valuable informeation for use 1n the data analysis, however, pres~riation of these
data 1s limited to the radial-flight graphs On rad:ial flignts, as a unaform « hange 1n AGC
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voltage with distance from the ground station was recorded, the voltage at each 5-mile point
15 plotted All irregular and abrupt voltage changes were plotted point-by-point

Recordings of the distance indicator were made on a number of flights This was done
to determine the coincidence of distance-indicator search and amimuth-indicator search The
presentation of distance information on radial-flight graphs 1s limited to an indication of
normal operation or indicator search.

Throughout the flight evaluation of the TACAN system, 1f at any time 1t appeared that
the operation of either the ground or the airborne equipment was gquestionable, the flight was
immediately suspended and the TACAN maintenance personnel, who were assigned on
temporary duty at TDC Lhroughout the evaluation period, were requested to service the
equipment before further flight testing was resumed

Site No. 1, Antenna 15 Feet

The TACAN ground-station equipment was first installed at the south experimental
VOR site, on the west side of Weir Cook Municipal Airport, Indianapolis, Indiana This site
1s clear of all larpe obstructions for a radius of 1300 feet, Figure B 1s a plan diagram of the
area, showing locations and vertfical angles for the trees and buildings A panoramic
photograph of the site taken from the antenna tower 1s shown in Fig 9 After completion of
the TACAN 1nstallation and a preliminary ground check of equipment operation, the flight
evaluation of the station was begun The first flight checks were exploratory to determine
general operational characteristics and to compare four airborne antennas 1n order to obtain
optimum performance

The first series of flight tests consisted of orbits about the station at radi of 6, 12, 20,
and 24 males, at various altitudes Azimuth-accuracy calibrations were conducted on the
6- and 20-mile-radius flights The 6~mile-radius calibration was conducted by using the
standard CAA theodolite-calibration method 1in which the system error 1s determined by
comparing the indicated azimuth with the actual magnetic azimuth of the aircraft as
determined by a theodolite operator at the ground station. The 20-mile~radius calibration
was conducted by a standard CAA method in which specific ground-check points, over which
the aircraft 1s flown during the orbital flight, are marked on the azimuth recording, At the
conclusion of the flight, the recording 1s inserted into an azimuth calculator (an instrument
for reproducing the orbital-flight track) for the determination of correct magnetic azimuths
Fipure 10 shows curves of the bearing errors observed on these two calibration flights The
bearing-error spreads measured on the 6-mile-radius calibration were 4.8° and 3 8°, The
error spread measured on the 20-mile-radius calibration was 3 5°.

The 6-, 12~, and 24-mule-radius orbital flights were conducted with major emphasis on
obtaiming intormation relating to the effect of siting on TACAN azimuth indication. The course
scalloping amplitudes recorded on this series of flight tesis are shown in Figs 11, 12, and 13

The major obstruction at the site shown in Fi1g 8 was a wocded area located 1500 feet
from the station between azimuths 284° and 317°, The effect of this wooded area 15 revealed
by the recorded scalloping centered on an azimuth of 290°, shown 1n Figs 11, 12, and 13, and

histed in Table

TABLE I

RECORDED SCALLOPING DUE TO WOODED AREA

Radius Aircraft Over-all Scalloping
Altitude Amplitude
(miles) (feet) {degrees)
6 1400 40
12 2800 35
24 1500 33
24 3100 29

A second wooded area with a pronounced operational effect on the TACAN system at site No 1
was located 2000 feet from the station between azamuths 142° and 157° This woceded aTea
produced scalloping centered on an azimuth of 150° for the flights at & miles radius at 800
feet altitude, 12 miles radius at 1600 feet altitude, and 24 miles radius at 1500 and at 3100
feet altitude The maximum scalloping spread recorded was 3% on the Z4-mile-radius orbat,
however, the azumuth indicator went into search on both the 6- and 24-mile-radius orbits
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An aircraft hangar 1s situated on the south side of the airport 2300 feet from the
station between azirnuths 107° and 113°, This hangar produced course disturbances at two
widely different azimuths A shadow effect caused course scalloping at 100° azimuth at 6
miles radius and altitudes of B0O, 1000, and 1400 feet, 12 miles radius and 1600 feet altitude,
and 24 miles radius at 1500 and 3100 feet altitude, with a maximum scalloping spread of 4°
on the 24-maile radius at 1500 feet altitude Reflected energy from the hangar caused a
maximum course-scallopinpg spread of 5.5° and azimuth-indicator search at 250° azimuth
as shown on the curve for 24 miles radius at 3100 feet altitude This particular course
disturbance 15 a good example of the complex nature of the TACAN siting effect This 15 a
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case 1 which a course disturbance was detected and 1ts cause was determined accurately to
be due to reflected energy from the hangar This disturbance was apparent on only 1 of 8
orbils at various altitudes and radii, indirating that the reflected energy was contained 1n a
narrow heam

A flipht-test program of many hours could have been conducted to 1nvestigate
thorcughly the deteriorating effect of this one particular object on the operational perform-
ance of the TACAN system In a flight-test program totaling 120 hours and covering three
transmitter sites, however, 1t was not possible to investigate the complete effect of all
sources of course disturbance Therefore, upon positive 1dentification of the source of a
course disturpance from the resulting amplitude and frequency of scalloping, the flight testing
proceeded to the next phase

Moderate course disturbances weile recorded on the orbital flights between 80° and
100" szimuth as shown 1n Figs 11, 12, and 13 The source of this disturbance was deter-
mined to be reflected energy from a 4 by 4 by 6-foot chain-link fence around the power
transformer at the TACAN site This transiormer cage was located 235 feet from the
station at an ar.muth angle of 274° The recorded scalloping due to the transformer cage
15 listed 1n Table II This cage also caused severe scalloping of 8° spread at an azimuth of
280" as shown on the curves for flights at §-mile radrus at 1400 feet altitade, and 3 4° spread
at 12-maile radius at 2800 feet altitude,

To investigate further the effect of small objects 1n close proximily to the TACAN
station, a reflective screen constructed of 1/2-1nch hardware cloth, 9 feet high and 16 feet
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TABLE II

RECCRDED SCALLOPING DUE TO TRANSFORMER CAGE

Radius Aircraft Over=all Scalloping
Altitude Amplitude
{rmiles) (feet) (degrees)
b 80O 10
b 1660 18
b 1400 113
12 1600 1.3

long, was installed vertically in front of the transformer cage and orientied so as to direct
the reflected energy toward the 40" azimuth with respect to the ground station. This resulted
in an area of scalloping shown 1n the graphs for flaghts at 12 rmailes radius at 2800 feet
altitude, w.th a maximum scalloping spread of 2 6°, Samples of the recordings obtained at
40° azimuth with and without the transformer screen are shown in Fig. 14

The TDC VOR station 1s located 1350 feet north of TAGAN site No. 1 At this site a
four-loop VOR antenna is installed on a standard 35-foot-diameter counterpoise 10 feet above
ground ©On the flight at 6 miles radius at 1000 feet altitude, scalloping with a maximum
spread of 3 8° was recorded between azimuths 320° and 20°. This scalloping was attributed
to the VOR station This VOR station was reaffirmed as a source of field disturbance 1n
later tests when the TACAN antenna was raised to 30 feet

A series of flight tests was conducied for the purpose of recording radial-course
scalloping. The radials selected for 1avesfigation were chosen to sample the areas of no
scalloping, moderate scalloping, and heavy scalloping as revealed by the data obtained on the
orbital flights Fipure 15 shows the scalloping amplitudes recorded at 1500 feet altitude
during flight tests of cne radial of small scalloping, three of moderate scalloping, and two
of severe scalloping. These data were obtained at distances up to approximately 30 miles
The 144° radial exhibited the most severe course scalloping, #4°, and azimuth-indicator
search caused by the wooded area previously described 1n the section concerming orbital-flight
testis

Two flight tests were conducted at higher altitudes ranging from 10,000 toc 12,000 feet
above pround on the 90° and 270° radials to obtain data on course characteristics and
coverage Datia obtained during these flights, plotted in Fig, 16, show a maximum scalloping
amphitude of £2° and several areas of azimuth-indicator search in the nulls of the vertical
plane pattern of the ground antenna

Site No 1, Antenna 30 Feet

At the conclusion of the first series of flight tesis, the TACAN antenna was raised from
15 feet to 30 feet above ground Flight tests conducted on this installation were confined to
orbital and radial flights to determine possible reduction in siting effects, The orbital flaght
data are presented 1n Fig 17. These data do net show any substantial reduction 1n siting
effects over those noted when the antenna was 15 feet high The cbserved effect of the
transformei cage was worse than that obtained when the antenna was 15 feet above ground,
as may be seen on the curve for 12-mile-radius flights at 1300 feet altitude The maximum
scalloping spread recorded was 6°, which was accompanied by azimuth-indicator search.

The effect of this specific reflective object was further investigated by flying a series
of arcs between 70° and 120° azimuth, 12 miles from the station These arcs were flown at
altitudes of 1000, 1300, 1600, 1900, 2200, and 2500 feet above ground. The most severe
scalloping was recorded at the 1300- and 2200-foot altitudes as shown in Fig 18, with a
maximum spread of 2 6°,

The effect of the north VOR station again was exhibited by azimuth-indicator search in
a sector 12° wide, centered on 4° azimuth on the 12-mile-radius orbit at 1300 feet altitude
A scalloping spread of 3 3° was observed at 180° on the 24-mile-radius orbit at 1000 feet
altitude, this was believed to be caused by reflection from the VOR,

The radial flights conducted on this 1nstallation consisted of a series of flights on the
144° radial, which 15 the azimuth of a heavily wooded area, and the 324° radial. The 144°
radial was flown at altitudes of 1000, 2000, 4000, 8000, and 12,000 feet above ground The
data obtained on these flights are shown 1in Fips, 19 through 22 and show the ymprovement of
distance range with 1increase in altitude
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Si1te No. 2, Antenna 30 Feet

Site No 2 was selected to bring the TACAN ground station closcr to a grove of trees
and a hangar in aorder to evaluate the effect of these obstructions more readaly Figure 23
1s a plan diagram of the site and surrounding obstructions A panoramic view of the site 1s
shown in Fig 24 The flight tests were conducted with major emphas:is on obtaiming
scalloping and coverage information The first series of flight teats consisted of orbits about
the station at radii of 6, 12, and 24 males, at various altitudes The course-scalloping
amplitudes recorded on this series of flight tests are presented in Fags 25, 26, and 27 These
graphs show that trees and other reflecting surfaces cause a mimmuwn amount of scalloping
and indicator search on the 6-mile-radius circle because of the high field strength The 12~
and 24-mile-radius circles show the increased effect of signal scattering and attenuation
caused by the trees and centered on approximately 140° azimuth The true value of scalloping
amplitude 1n areas of severe scalloping actually could not be measured The azimuth circuits
of the airborne unit were unable to track during periods of rapid and extremne course
excursions, resulting in azamuth-indicator search It was further observed that different
airborne units, or the same umt under different cond:tions, exhibited varving degrees of
tolerance to scalloping before going i1nto search

A DME antenna was located 600 feet from the TACAN station a2t 38° azimuth at an
elevation angle of 1 4°, The scalloping due to this object was very pronounced at and near
this angle of elevation, as shown in Figs 25, 26, and 27, for flights at 6 miles radius at 750
feet altitude, 12 miles radius at 1500 feet altitude, and 24 miles radius at 3000 feet altitude
The curve for 6-mile-radius circles at 750 feet altitude shows that the scalloping was so
severe that the azimuth indicator went into search.

I



21

E
! 1] T 1 i ] [
! ] h Y |
4 <A 1
| FLIGHT DATA B a5 | ] ] 1 4 .
12 Ml RADIUS <2 . “ I L1 i !
- z 3
2500 FT ALTITURE ¥ i ! ! ™1 I j
-+ FLIGHT DATA
1 ' ‘t—{ - 2 [ l L | L 5 1564 RADIAL
4 2000 RY
] DIRECTION [ 25 e . 17 = ALTITUDE
f—t-{ OF FLIGHT| - Tlsp : = OUTBOLND
| - Y 1 LT [ =
: T L =k
I et | al |
[=]
ol 0 oy
| a= o T’ 20 30 %0 5o
° DISTANCE FROM TACAN STATION [NAUTICAL MILES]
4 —— T T
Friew aows * | ———s —a NN EBREENE J
2200 FT ALTITUBE J N of " ™ 1
2 o
T / <2 T LA A
I I v \f =~ 3 =
& o— L 144 RADIAL
HarT——r——r t5 TTE - lo0¢ FT ALTITUDE
% L 17 ML RADIUS 1< | l = {HBOUND
w 1900 FT ALTITUDE | w— 2~ F] TTE
= T -l——|——ﬁ- Sihra = — =
1 J—Iv— §:§' '?--d \\ / £ I =
= o = =
oo Zlzp =~ =1 -
S ol Z] = = L
4 T 1T T T 1T T L 1= -- —
it 12 Ml RADLUS }_H_LI_ | £ £ F
@ 1600 FT ALTITUDE | =———3» (] 13 20 a0 40 50
3 2 I DISTANCE FROM TACAN STATION (NAUTICAL MILES)
< K I
2 =N - i P [T
0 T - ! l . F
Q4 1 1t 1 T T ] = T 1T 36‘ - | ] ﬁ
| 12 Ml RADIUS e — g —— !
1300 FT ALTITUDE — —] o
2 I —1 144 RADIAL
15 1000 FT ALTITUCE
o | ] I ‘ /h =
L ] 1 l
n Zmn
T T T T T Ew*“
| 12 M| RACIUS 33 \
1000 FT ALTITUDE ———® Ja |
F o alWip +
| | oL !
L —— wn | | i
o | H A W — o L = = E
o 40 a0 120 0 10 20 30 40 50 oo
INDICATED AZIMUTH (DEGREES) DISTANGE FROM T~CAN STATION (NAUTICAL MILES)
== INDICATOR SEARCHING WL e, v
Fig. 18 TACAN Scalloping Fig, 19 TACAN Radial Data, Site No. 1,
Graph, Site No 1, Antenna 30 Feet High

Antenna 30 Feet
High, 90° Area

The hangar located on the south side of the airport and 1470 feet from the station was
centered at an azimuth of 63° at a maximum elevation angle of 1.8° This object produced
operational effects at two azimuths Shadawing effects are shown on the graphs for the 12-
mile-radius circles at 500- and 1000-foot altitudes and on the 24-mile-radius circles at
1000- and 20Q00-foot altitudes See Figs 26 and 27. At both radii the airborne equipmeni weni
into search at the lower altitudes and displayed a maximum scalloping spread of 3 7° at the
higher altitudes Reflection effects were observed at 6-mile radius at 500 feet altitude, 12-
mile radius at 1000 feet altitude, and 24-mmle radius at 2000 feet altitude, as shown i1n Figs
25, 26, and 27, This effect resulted in azimuth search and maximum scalloping spread of
4.3° between 280° and 290° azimuth.

The main obstruction near site No. 2 was a grove of trees centered at an azimuth of
140° and located 640 feet from the station at the nearest point The effect of these trees on
the operational use of the TACAN system 1s clearly shown 1n the curves for the 6=, 12-, and
24-mile-radius flights. The 6-mile-radius plots, Fig 25, show the scalloping effect of these
trees with one area of search at 147° at 500 feet altitude, and an 1mprovement in performance
at the higher altitudes On the 12- and 24-mile-radius orbits, large areas of indicator search
were observed 1n which no azimuth information was derived from the system Improvement
was obtained at increased altitudes
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On the second series of flights, radial-course scalloping and distance :ange were
recorded A number ¢f radials were flown at an altitude of 1000 feet apove ground in sectors
where scalloping had been recorded previously on the orbital [iights and where the scalloping
was caused by reflected signals from the hangar The radials flown were 287%, 290°, and
293° azimuth Figure 28 shows plots of the course-scalloping amplitude recorded on the
radial flights It also indicates distances at which interruptions to azumnuth and distance
information occurred These plots show that the moest severe course dicturbances occurred
1n the first 15 miles fiom the station, indicating that the reflected energy firom Llhe hangar
causes course dislurbances at angles of elevation above 0 6°

Other radials were flown at 60°, 65°, and 68° azimuth 1n the shadow arez produced by
the hangar Figure 29 shows the extreme atienuation of the field due ioc the hangar on the
65° and 68° radials where a distance range of 18 males-was obtained, 1n contrast to 43 5
miles on the 60® radial which clears the hangar by 1°

The effect of the grove of trees was investigated by flying the radials 15G°, 1407, 135°,
and 125° azimuth. The plots in Fig 30 show the effective breakdowu of the system ue to the
presence of the trees which effectively limited the range of the system to distances of 9 5 to
15 rmiles The flight data obtained on the 80° and 330° radials shown in F.g 31 portray
TACAN operation under optimum conditions for a ground antenna height of 3C feet The
maximum scalloping observed on these radials was £1 3°
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The next series ot radial flights was conducted at an altitude of 12,000 feet above the
station Plots of the data obtained on the 129° radial during the flights outbound and i1nbound
to the station are shown i1n Fig 32 The effect of the grove of trees again resulted in a
maximum of #5° course scalloping and a very limited service range Figure 33 shows graphs
of the data obtained on the 330° radial and again portrays TACAN operation under optimum
conditions The effect of a null in the vertical plane-radiation patiern of the TACAN ground-
station antenna may be seen by the increase 1n scalloping of maximum amplilude of £4 5°
and azimuth search encountered at approximately 75 miles from the station

Site No 3, Antenna 95 Feet

The TACAN ground equlpment was lnstalled in the TDC Radar Laboratory, and the
antenna and wooden tower previously used at site No 1 were placed on the top of an ASR-1
radar tower This placed the center of the antenna 95 feet above ground A photograph of
this 1nstallation 1s shown 1n Fi1g 34 Figure 35 is a panoramic view taken from the tower

The 12- and 24-mile-radius circles which were flown around the No 2 site were
repeated at the No 3 site The data obtained are presented in Figs 36 and 37 These
figures show reduced siting effect as a result of the increase in antenna height The
scalloping between 100° and 130° azimuth on the 12-mile-radius circle at 2000 feet altitude,
and on the 24~mile-radius circles at 4000~ and 8000-foot altitudes, 15 atiributed to an
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ASR-2 radar tower 60 feet hugh located 1000 feet distant at an azimuth of 110° This tower
caused a maximiun spread of scalloping of 3°

Radial flights were conducted at altitudes of 1000 feet and 12,000 feet to determine
course scalloping and distance range The 1000-foot-zltitude radials were flown at 184°,
270°, and 327° azimutk The data obtained on these flights are presented in Fips 38, 39,
and 40, and show distance ranges varying from 40 to 57 miles with a2 maxmum course
scalloping of £1 7°. The 330° radial was flown at an altitude of 12,000 feet above ground.
The data obtained on this flight are presented 1n Fig 4!, and show a distance range of 141
miles with a maximum course scalloping of £1 2°

During the evaluation of the TACAN system at sites Nos 1 and 2; and during a part of
the evaluation at site No 3, Type RG-17/U transmission line was used between the trans-
mitter and the antenna The transmission line was then changed to a Stvroflex cable The
new cable reduced the transmission-line power loss approximately 4.5 db This was
evidenced by increased distance ranges averaging from 42 miles to 54 miles, at 1000 feet
above ground Also, subseguent fo the evaluation of the TACAN system at site No 3, a new
modified transmiiter was installed A theodolite flight calibration conducted on the station,
using the new transmitter, provided data for the error curves shown in Fig. 42 with errors
of £ 25° and *1 0°

Comparison of the data obtained with the TACAN antenna 30 and 95 feet above ground
reveals increased distance range and reduced siting effect when the antenna was 95 feet high

Vertical Plane Radiation Patterns

Figures 43 through 48 show relative vertical plane field-strength patterns of the
TACAN antenna when 1t was mounted 15, 31, and 95 feet hugh In Figs 43, 45, and 47, the
patterns are plotted 1n rectangular co-ordinates for a clearer presentation of mummums and
maximums at the lower angles, Figs 44, 46, and 48 show the patterns in polar co-ordinates
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Fig 25 TACAN Scalloping Graph, Site No 2, Antenna 30 Feet High

the period of time during which incorrect azimuth information 1s received, The cone 1s
considered entered when the CDI deviates more than 2° and when this deviation 1s due to
normal course disturbances above the station The cone 1s left at the 2° deflection point
as the straight-line-course indication 1s resumed after passing the station

The width of the cone was 156° measured at 1600 feet altitude when the antenna was
15 feet high, 97° measured at 8000 feet altitude when the antenna was 30 feet lngh, and 95,2°
at altitudes above 8000 feet when the antenna was mounted 95 feet high,

One cone measurement when the antenna was 95 feet high was 161.6° at an altitude of
1000 feet This was due to the long time required for the airborne equipment to search
Approximately 18 seconds are required for one complete search of azamuth., When flying
through the cone, the course changes 180°, This requires one-half revolution of the azimuth
indicator, or a mimumum fime of 9 seconds for passage through the cone. If the amplitude
modulation containing azimuth information (15 and 135 cps) has not returned within 9 seconds,
however, the azimuth indicatar must make a complete revolution requiring an additional
18 seconds It follows, therefore, that the period during which azimuth information 1s
unavailable in the cone occurs i1n odd multiples of 9 seconds 9, 27, 45, 63 seconds, and so
forth,
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CONCLUSIONS
As a result of the evaluation of the TACAN system, 1t 1s concluded that

1 The TAGCAN equpment has not demonstrated sufficient reliability for civil use
2 TACAN 1s subject to sitinp errors comparable to those of the VOR, although of a
somewhat different nature
3 The azamuth portion of TACAN 1s much more susceptible to shadowing effects tharp
15 the VOR
4 When the TACAN antenna was situated 15 and 30 feet above ground, the airborne
indicator went into search 1n the lowest null of the vertical plane-radiation patterns at an
altitude of 12,000 feet
5 When the TACAN antenna was placed at a height of 95 feet above ground at a poor site,
siting errors were practically eliminated.
6 The distance accuracy of the TACAN system 15 comparable to that of the civil DME.
7 The best theodolite flight calibration revealed an error of +1,0° when the antenna was
+ feet above ground and a modified transmitter was used. The best theodolite VOR -system
libration obtained at TDC was %0 6é6® using a four-loop VOR antenna
8 The operational characteristic of azimuth-indicator search caused by course
alloping leads to discontinuity of azimuth information and loss of confidence 1n the system
the pilot
9 The TACAN cone of silence subtended an angle of approximately 95° compared to 30°
r the VOR.



adequate guard bands between the two services are required

communications are provided for air-traffic control and weather broadcasts.
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10. The distance-indicator coverage of TACAN 1s comparable to that of DME,

11. The azimuth coverage of TACAN 1s less than that of VOR for equal antenna
elevations
12, TACAN and DME cannot operate satisfactorily on common frequencies, and

13 One of the greatest imitations of the TACAN airborne equipment 1s that no voice
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Fig 34 TACAN Antenna Installation, Site No. 3



a0

aTo
|

Fig 35 Panoramic Photograph, Site No, 3

9¢



OvENRLL SCALLOPING {DFJAEEFI

37

' r|_|'°.|-r paTs, @ M RADIVS
f 4 4g00 FT, ALTITUDE
[y
-
¥ T T 1T 11
= W oM RABIYE J
- 1 s
) N ROO0 FY aLTITUDE
- - l_,__- g — pu—
w0 ] - I
E
E * b A 12 M1 RAQIUE
a .y o T P - \3go FT l.nuinullil
o
-
- B
F e M1 RADILS
E —I [ ] I I ] J—L 10ae FT ALTITUOR
20 —.E:I':I_I_.I_LJ
y [ 12 Ml RADIUE
i/ so0 FT ALTITUDK
) e et
A0 3 120 Isa 200 240 T80 320 380
LEGEND INBIGATED AZIMUTH (DEGREES)
% INDICATOR SLARCHING S
LARMIRCE B OW,

Fig. 36 TACAN Scalloping Graph, Site No, 3, Antenna 95 Feet High

za N RAOIUE
~18000 FT &LTI

TUOE

T T T 1 T T
E4 MI RADIUS
4009 FY ALFITUDE

! 1

=N

N

1 T T I T
4 Ml RADILE

3060 FT ALTITUDE

[

24 Wl RADIUS ]
2000 FT ALTITYUDE

-4
J

.

4]

T [ [

-

-
"ty R e e e S B

Z4 Wi AADIUD
1000 FT ALTiTUoE —|

[19]

12

160

200

210 280

IMDICATED AZIMUTH (DEGREES)

3zQ

TR TY
oy CLGPmE T COMTER
MaBLABAFOLIE (NBIAER

Fig 37 TACAN Scalloping Graph, Site No, 3, Antenna 95 Feet High



is

F 11
{VOLTS)
»

2

SCALLOPING
{DEGREES)

20 40 S0 &0
DISTANCE FROM TaSAN STATION (MAUTICAL MILES)

FLIGHT DATA
184" RADIAL
1000 FF¥ ALTITUDE
DUTBOUND

w
=
-}
w® ]
w J
<
3 184° RADIAL
1000 FT ALTITUDE
4

SCALLOPING
[DEGREES}
#
~

(=]

[}

1] 20

,_
m
o
m
=
o

“

INDICATOR SEARCHING

=
ﬁ OME OFERATION NORMAL

Fig 38 TACAN Radial Data, Site No, 3, Antenna 95 Feet High

30 40
QISTAMCE FROM TACAN

50
STATION

-]
(NAUTICAL WILES)

ol TECHE &
OF LLOFEEET CENTIR
MOLANARGL INDIANE

INEOUND



39

NEEREENERSEEEEEE 7T
[ f
! !
! [ T T_H%
35 =] ;

50
DIGTAMCE FROM TACAN STATION (RAUTICAL MILES)

uE

AGC
IVOLT 5}
.

L i 216° RaplaL
160 FT ALTITUDE
e INBOUND

SCALLOPING
(QEGREES)}

ol
0 1] 20 %0 [ EO oo
LEGEND DISTayCE FROM TACAN STATION (NBUTICAL WILES)

E= woicator searchine w L e S

- UE A
% DME OPERATION MNOIMAL

Fig 39 TACAN Radial Data, Site No 3, Antenna 95 Feet High



40

OME

AGC
lvoLTSs)
»

e , L ’_ j
=1 FLIGHT DATA

| L 327° AADIAL

100D FT ALTITUDE
J_ OUTBOUND

4

SCALLOPING
IDEGREE %)
W
1)

3
D STANCE FROM TACAN 9TATION (NAUT!EAL MILES|

DME

ASC
LTI ]
-

L

ﬁ i i +LL_ 3277 RaD(AL

1000 FT ALTITUDE

J T ; |i ] [‘ iNBOUND

SCALLOFING
(DEGRLE S}
[ 3
-

o

0 20 [ 4D 20 ==2)
LEGEND BISTANCE FROM TACAN STATION (NAUTICAL MILES)

== INDICATDR SEARCHING

% DME OPERATION NORMAL ot R ke
hefli hld FOUT ACnama

Fig 40 TACAN Radial Data, Site No 3, Antenna 95 Feet High



AGC

SCALLOPING

A

SGALLOPING

41

W
E
o
[ f
5 . I
5
g - v -
E 1 \-r ‘1_.‘ FLIGHT DATA
3%0° RADIAL —
B 12000 FT ALTITUDE
1 QUTHOQUND
w
v il [ J
[ 4
@ Ll | -
a 0
-~ 0 0 40 an ag 100 120 140 180 -3
DISTANCE FROM TACAN STATION INAUTIGAL MILES)
w
=
[=]
-
- q—t] —
"
5 [ -
2
- 3 i
[ r 330° R4DIAL
12 000 FT ALTITUDE
By
s ] . l [ 11
o ——
o | —t
g aq
) 20 40 &0 a0 100 120 140 169 o=
LEGEND DISTANCE FRDM TACAN STATION (NauTICAL MILES]

T
= INDICATOR SEAACHING
% DME DPERATION NORAMAL

ot TEEMCAL
naVELOPMERY CENTLR
MOIARAFOLDY RDIAMA

Fig 41 TACAN Radial Data, Site No 3, Antenna 95 Feet High
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Fig. 42 TACAN Theodolite Flight Calibration, Site No 3, Antenna 95 Feet High
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Fig 43 Vertical Plane Pattern, TACAN Antenna 15 Feet High {0°-8° Plot)
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Fig 44 Vertical Plane Pattern, TACAN Antenna 15 Feet High
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Fig 45 Vertical Plane Pattern, TACAN Antenna 30 Feet High (0°-8" Plot)
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Fig, 46 Vertical Plane Pattern, TACAN Antenna 30 Feet High
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Fig 47 Vertical Plane Pattern, TACAN Antenna 95 Feet High {0°-8" Plot)
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Fig 48 Vertical Plane Pattern, TACAN Antenna 95 Feet High



