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FOREWORD

This handbook presents engineering data and information concerning Naval Air Station Aeronautical Facilities.
Material contained in this handbook is intended to present the basis for standardization of practices and to
identify a common baseline to be used as a guide during the planning of a new installation or in the addition of
equipments or systems to existing facilities. To facilitate usage of this handbook, the contents are presented in
two basic related categories: Functional Electronic Systems and Base Systems Engineering. In order to permit a
ready cross-reference between each category, the following major topics are common to each category:

o Air Navigational Systems

o Radar

o Communication

o Meteorology

o Air Traffic Control

o Special Activities
The initial category, Functional Electronic Systems, presented in the first six chapters is devoted to narrative,
descriptions of the various systems used on Naval Air Stations. The intent is to provide to personnel concerned
with planning, design, construction, and operation an understanding of the equipment, systems, and facilities
required.
The remaining eight chapters devoted to Base Systems Engineering, contain data of primary importance to the
senior planners and design engineers, and provide engineering criteria required for design, installation, and
operation of a compatible and integrated Naval Air Station base electronic systems.
Source data and material used in the preparation of this handbook include current Navy directives, technical

manuals, field studies and observations, and reports of research and development which promote standardization
and provide optimum performance of installed electronic systems.
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CHAPTER 1

FUNCTIONAL ELECTRONIC SYSTEMS

Descriptive information of functional electronic systems used on Naval Air Stations (NAS) is given in chapters 2
through 6. These systems include:

o Air navigation systems - VHF omnidirectional range (VOR), tactical air control air navigation (TACAN),
VHF omnidirectional range tactical air control (VORTAC), radio beacons, and radio direction finders (RDF).

o Air traffic control (ATC) systems - control towers, radar, identification friend or foe (IFF), radar ancillary
equipment, and communication systems.

o Aircraft landing systems - ground control approach (GCA), instrument landing systems (ILS), and
automatic landing systems (ALS).

o Special activities - Atlantic Fleet Weapons Range (AFWR), Fleet Air Control and Surveillance Facility
(FACSFAC), and Pacific Missile Range (PMR).

o Meteorological systems and facilities - measurement systems, dissemination systems, and weather activities.

Planners, engineers, installation supervisors, and newly arrived station personnel will find chapters 2 through 6
useful for understanding the how, why, and what of each system: how the system works; why it is used; and
what equipment it contains. In brief, each of the above cited systems is discussed in terms of system operational
concepts, configuration, and application. Every attempt has been exercised to present useful and factual data
without elaborate mathematical derivations and expressions. In order to present a generic overview of the various
systems, direct description and/or reference to existing nomenclatured equipments has been avoided whenever
possible. In addition, by including either established standards of current proven field practices, topics pertinent
to the integration of several functional systems (base subsystems) into the larger overall base systems are treated
as comprehensively as possible.
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CHAPTER 2

AIR NAVIGATION SYSTEMS

2.1 GENERAL

Air Navigation is the science of determining the location of an aircraft in motion. Principal methods of air
navigation are pilotage, dead reckoning, and celestial navigation. Of these methods, only pilotage systems are
found installed in Naval Air Stations.

Dead reckoning is the determination of position by advancement of a previous position for the direction and
distance the aircraft is believed to have moved.

Celestial navigation is the determination of position with the aid of celestial bodies, a method used principally on
long overwater flights and in polar regions.

Pilotage was originally performed by visually noting various landmarks passed, and comparing them with
information given on aeronautical charts. Modern pilotage, however, is performed by means of electronic aids to
navigation which include VOR, TACAN, VORTAC, radio beacons, and radio direction finders. In this chapter,
the theory of operation, description of components, and specific applications of these systems are presented as
they pertain to the ground based equipment, and where applicable, the airborne equipments will be highlighted.

2.2 VHF OMNIDIRECTIONAL RANGE

The VOR system is a navigational aid to aircraft, providing bearing information from a fixed ground station.
Although used exclusively by civilian aircraft, the Navy supports the national system by operating and
maintaining VOR facilities. A basic VOR system consists of a fixed ground transmitting station and an aircraft
receiver. The ground station provides directional guidance signals which can be supplemented by voice and tone
signals for identification or other information. The assigned frequency band for the system is 108-118 MHz.
Ground stations are assigned frequencies within this band in progressive 0.1-MHz steps. The maximum range of a
VOR transmitted signal is 100 miles with a bearing accuracy of 12 degrees.

2.2.1  Principles of Operation

a. Ground Station System. VOR operation is based on the principle that the phase difference between two
signals can be used to determine azimuth. One signal maintains a fixed-phase reference through 360 degrees of
azimuth, and the phase of the other signal is made to vary as a direct function of azimuth. The phase difference
between the two signals thus indicates the azimuth of the aircraft receiver with respect to the transmitting
station as shown in figure 2-1. In practice, 30-Hz reference-phase and variable-phase signals are used. In the VOR
system, the reference-phase signal frequency-modulates a subcarrier signal having a mean frequency of 9960 Hz.
The frequency swing of the modulated subcarrier is 480 Hz, providing a deviation ratio of 16. The subcarrier
FM signal amplitude-modulates an RF carrier which is radiated omnidirectionally. The variable-phase signal has a
figure-eight propagation pattern, and consists of 30-Hz RF carrier sideband energy. The figure-eight pattern is
made to rotate clockwise at 1800 r/min (equivalent to 30 Hz). Station identification codes or audio information
is mixed with the FM signal enabling the pilot to determine the identity of the transmitting VOR station. The
signal flow of a VOR ground station is shown in the simplified block diagram of figure 2-2. A single carrier
frequency is used to produce both the variable and the reference-phase signals. The unmodulated carrier
frequency is applied directly to the variable-phase antenna. It is also applied to the reference-phase antenna after
it is amplitude-modulated by a 10-kHz tone that is frequency-modulated at a 30-Hz rate.
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Figure 2-2. VOR Ground Station, Simplified Block Diagram

(1) Ground Station Signal Flow Analysis. A detailed look into VOR signal flow (illustrated in figure 2-2)
begins with an RF source connected to an antenna that radiates the variable phase. For convenience, the
variable-phase antenna is depicted as a loop. For a position lying in a direction that makes an angle @ from the
center of the loop with respect to a reference direction, the field strength (E,) will be:

E,=E  cosf (2-1)

In equation 2-1, E is the maximum value that the field will attain at any position about the antenna. The RF
voltage, E_, is equal to:

E,, = ME_ sin w_t (2-2)
In equation 2-1, w,t = 2nf, where f. is the carrier frequency in hertz. E_ is the peak value of the

reference-phase antenna RF field, and M is a constant representing the ratio of maximum value of E_| to the
variable-phase antenna peak RF field. In the system used by the Federal Aviation Administration (FAA), the
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value of M is 0.3. Figure 2-2 shows that the loop antenna may be rotated by the synchronous motor; therefore
the field will vary as a function of time. If the speed is s revolutions per second, the complete equation of the
loop antenna field strength at any instant will be:

E, = ME_ sin wt cos (8 + wy t) 2-3)

In this example, it is assumed that the loop antenna is being rotated by a synchronous motor that is driven by
an audio frequency (AF) generator having an output frequency of fs' The same audio frequency (30 Hz in this
design) is used to frequency-modulate a higher frequency tone f (9960 Hz in this design). The
frequency-modulator output will be:

E = E, sin (W, + (A f/f) sin wt) (24

In equation 24, E, is the maximum value of voltage at any time during the cycle, w, = 2nf, and &f is the
frequency deviation (480 Hz in this design). The frequency-modulator output is applied to an amplitude
modulator that serves to modulate the carrier frequency.

If the frequency-modulator output is expressed as at = w;t + [(& f,/f). sin wt] then the amplitude-modulator
output which is radiated from a nondirectional antenna and received at an observation point will be:

E, = E, sin w.t(1 +k sin at). (2-5)

Equation 2-5 expresses the output of any amplitude-modulated transmitter; k is the modulation index (0.3 in
this system).

After the signal reaches the antenna located at the observation point, the outputs of the reference-phase and
variable-phase antennas combine and modulate each other. Neglecting distortion and other quantities not
pertinent to this discussion, the output (Eo) of the normal receiver detector will be:

E,= Em2 cos (6 + wg) +k Em2 sin o t. (2-6)

The two distinct frequencies represented by the two terms of equation 2-6 are easily separated by filters, since
the variable-phase frequency is 30 Hz and the frequency contained in « is between 9480 and 10,440 Hz. The
frequency represented by the second term of equation 2-6 is passed through a frequency discriminator where it is
differentiated with respect to time, therefore the output dwr/dt is:

dw/dt = w, + w; Bcos wgt (2-7)

In equation 2-7, constant B is equal to fr/fs. In the circuits associated with the frequency detector, the frequency
f, is suppressed and the output E ; is:

Ey = w B cos wit. (2-8)

ol
The frequency expressed by equation 2-8 is applied to a phase meter for comparison with the frequency
expressed by the first term of equation 2-6. Note that the frequency given by the first term of equation 2-6 is
identical to that given by equation 2-8, since they both originated in the same AF generator. The phase meter
therefore indicates a value proportional to 6, which is the bearing of a line of position relative to a north-south
reference line passing through the center of the antenna array.

(2) Antenna Signal Transmission Analysis. The discussion thus far has been concerned with illustrating the
principle of VHF phase-comparison omnidirectional range. The hypothetical antennas considered have been
vertical loops and vertical nondirectional radiators because the radiation characteristics of these antennas are well
known. Operational VOR utilizes horizontal polarization, and the special form of radiators required includes the
Alford loop as an element. The loop is shown diagrammatically in figure 2-3. This antenna consists of four
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elements arranged to form a square. The sides of the loop have lengths up to 0.2 wavelength. The elements
forming the antenna have appreciable width, and at the two corners, the conductors fold toward the center to
form capacitors. The value of the capacitance formed by the elements at the corners of the loop is adjusted so
that the current maximum will occur at the center of each element. The current along each element, therefore,
rises from a lower value at the corners to a maximum value at the center. Ideally, the current would have an
unvarying value around the entire periphery of the loop. By maintaining a quasi-constant value of current, the
radiated vertical field is minimized.

JUMPER

BALUN —— =

RG-BA/U COAXIAL
¢ BA/U) FEEDER

FROM
RF BRIDGES

JUMPER: SOL|D LINE INDICATES CONNECTION
R SE AND SW LOOPS.

DOTTED LINE INDICATES CONNECTION
AIA8028 FORNW AND NE LOOPS

Figure 2 -3. VOR Antenna Loop, Simplified Schematic Diagram

A four-loop antenna array is used to radiate the VOR energy. The antennas, arranged in a square on top of the
VOR counterpoise are excited by two RF bridge networks as shown in figure 2-4. The bridges are such that the
RF carrier, modulated by the FM signal and the identification signal, energizes the four loops in phase, producing
a circular reference-phase pattern. Simultaneously, two 30-Hz sidebands from the rotating goniometer capacitor
are applied through the bridges in such a manner that two figure-eight patterns are produced. Combining the
rotary figure-eight patterns and the circular reference-phase pattern will result in the actual field pattern as seen
by the airborne receiver. Due to the phase relationship of the patterns, obtained from the mechanical and
electrical construction of the goniometer, loop antennas, RF bridges, and connection lines, a rotating cardioid
pattern results.

A tone wheel and a magnetic pick up, located in the goniometer assembly, are used to produce the FM signal,
which is amplified in the carrier modulator driver and used to modulate the RF power developed in the
transmitter. The goniometer rotates at 1800 r/min, thus producing two 30-Hz sideband signals. The station
identification pulses, consisting of keyed 1020-Hz oscillations, or a voice message, are mixed with the FM signal
in the driver to produce a modulated carrier. The modulated carrier is applied to the antenna array via the
antenna changeover and phasing unit, as shown in figure 2-4.
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b. Airborne Operation. To complete discussion of the VOR principles of operation, a simplified theory of
airborne reception is presented. As the cardioid pattern passes through a single point in space, three distinct
signal components may be derived from the combined waveforms modulating the RF carrier. These will enable
an aircraft pilot at this point to determine his azimuth with respect to north. First, all audio information
between 300 and 4000 Hz (which includes the 1020—Hz keyed identification) is detected and amplified so that
the pilot will know to which VOR station his receiver is tuned.

Second, at this same point in space, the FM component is changing in frequency, at the rate of 30 Hz between
9480 (9960 - 480) and 10,440 (9960 + 480) Hz. In the aircraft receiver reference-phase channel, all frequencies
except those between 9480 and 10,440 Hz are filtered out, providing only the FM subcarrier from which the
30-Hz modulating signal component is derived. This 30-Hz signal is applied to the phase comparison circuits as
the reference-phase signal. It must be remembered that VOR equipment at any point in space will receive the FM
component in the same phase as that received at any other point in space, since this signal is radiated
onmidirectionally. For example, an aircraft at due north would receive a subcarrier (FM signal) frequency of
10,440 Hz at exactly the same time (for all practical purposes) as would an aircraft at due south (or any other
azimuth).

Thus, the aircraft’s azimuth is determined by comparing the phase of the variable-phase signal at any one point
with the constant phase of the reference signal. The phase-comparison circuits in the airborne receiver perform
this operation instantaneously and continuously to provide bearing information to the pilot.

Therefore, a pilot flying an airplane equipped with a VOR receiver can navigate to or from a VOR ground
station by flying the indicated azimuth reading. Aircraft location in space (obtaining a fix) can be determined by
taking two independent readings (from two VOR stations) and finding the point where the two azimuth lines
Cross.

2.2.2  Ground Station System Configuration

a. Basic Equipment Groups. A VOR system has four basic groups of equipment: transmitter group, antenna
group, voice and control circuits, and the power supplies. In order to provide reliable information, VOR
transmission must be uninterrupted. Therefore, the system is built with a certain amount of redundant
equipment. One half of the duplicate equipment operates, while the other half is on hot-standby ready for
cutover, should the first half fail. A block diagram of a typical VOR ground station is shown in foldout 2-1. A
list of components comprising a typical VOR ground station is presented in table 2-1.

b. Subsystem Descriptions. The VHF radio transmitter is crystal controlled, operating in the frequency range
of 108-118 MHz with an output of 200 watts. The RF carrier output is normally modulated 30 percent by the
10-kHz subcarrier and 10 percent by the 1020-Hz identification signal. Voice modulation of about 30 percent
may be used simultaneously with the 10-kHz modulation. The 1020-Hz identification signal is automatically
interrupted when the voice-broadcast feature is in use. The total audio distortion in the modulation output
envelope is less than 5 percent.

Each omnirange VHF goniometer consists of a synchronous motor, a reference-phase signal generator, a
capacitive goniometer, and an RF transformer. The generator consists of a pickup coil wound over a permanent
magnet whose lines of flux pass through a toothed disc called a tone wheel. The capacitive goniometer receives
the unmodulated RF power from the transmitter via the modulation eliminator and delivers two RF outputs; the
amplitude of one output being proportional to the sine, and the amplitude of the other output being
proportional to the cosine of the rotational angle of the goniometer rotor. These outputs contain only 30-Hz
sideband energy cause by rotation of the goniometer at 1800 r/min. The synchronous motor is used to rotate the
tone wheel and the capacitive goniometer rotor; therefore, the rotational speed of these components is directly
dependent upon the speed of the motor, which in turn is dependent upon the frequency of the voltage applied
to the motor. The motor rotor will rotate at 1800 r/min when the commercial line-frequency is 60 Hz. The RF
transformer is used to convert from unbalanced RF coaxial cable to balanced RF cable used in the goniometer
circuits.
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Table 2-1. Typical VOR Ground Station Components

EQUIPMENT
GROUP ITEM QUANTITY

Transmitter VHF radio transmitter
VHF goniometer
Carrier modulator
Carrier modulator driver
Oscillator keyer
Modulation eliminator
Oscillator, 1020 hertz

(SN S BN SR SIS I SN )

Voice and control Voice operated relay

Audio amplifier, regulated output

Line equalizer

Control unit

Automatic transfer unit

Monitor amplifier

Monitor equipment
VOR monitor 1
Monitor power supply 1
VOR field detector 1

T

Antenna Antenna changeover and phasing unit
VOR antenna loops and pedestals
Antenna polarizer and pedestal

RF bridge (cut to frequency)

[ G,

Power supplies Rectifier power supply
Voltage regulator, 7500 VA
Frequency stabilizer power supply 2

—

The carrier modulator driver provides facilities for combining three low-level audio-frequency input signals and
amplifying the resultant composite signal to a power level sufficient to drive the modulator. Three 600-ohm
balanced input circuits with separate level controls are provided for voice, 10-kHz subcarrier, and 1020-Hz
identification. Input levels to any channel of -2 dBm or greater can be amplified to drive the carrier modulator
to full output.

The carrier modulator when used in conjunction with the carrier modulator driver, comprises a complete audio
channel. This combination of equipment is capable of amplifying low level inputs and developing sufficient audio
power to produce the modulation necessary for the 200-watt VHF transmitter.

The oscillator keyer is a plug-in assembly consisting of a motor-driven cam wheel containing adjustable cam
segments which actuate a cam follower and contact assembly, and a TACAN follower and contact assembly. The
keyer, preset with adjustable cams, interrupts the output of the 1020-Hz oscillator tone in a repetitious sequence
of dots and dashes for station identification. The TACAN follower provides identity-keying of any TACAN
ground station that may be associated with the VOR.
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The voice operated relay unit provides voice modulation. Amplified voice frequencies actuate the relay and are
then applied to the modulation circuits. When the voice signal ends, the relay will open in about 0.4 seconds.

Omnirange modulation eliminators remove the amplitude modulation from that portion of the carrier RF energy
delivered to the VHF goniometer. Power-divider circuits within these units proportion the power delivered to the
sideband antennas and the carrier antenna for proper space modulation.

Antenna changeover and phasing unit provides a means of transferring the antenna array to either of the two
transmitter-goniometer combinations, and permits rapid equipment changeover. Through the use of three coaxial
relays, the antenna array is automatically connected to the equipment being used. System phasing is also
accomplished by means of this unit. Phasing is initially obtained by cutting the RF transmission lines to the
correct lengths and by properly adjusting the RF phasers.

A four-loop antenna array, providing a very narrow cone of silence above, and negligible vertical-polarization
errors, is used to radiate the VOR RF energy. The array is placed within a plastic dome which protects the
antennas from the elements. The four radiators are horizontal plane. Each loop is placed at the corner of a
square, 56.1 electrical degrees (at 115 MHz) from the center of the array and 48 inches above the counterpoise
which forms the 35-foot diameter roof of the VOR station. The counterpoise surface is terneplate, a lead-clad
material having good conductivity. The counterpoise is an antenna element which aids in the formation of
desired cone characteristics. Each diagonal pair of antenna loops, driven by goniometer output, propagates a
figure-eight pattern. All four loops are simultaneously driven with modulated carrier-frequency energy of the
same phase, resulting in a quasi-circular radiation pattern. Vertically polarized radiation is reduced by means of a
vertical antenna array (polarizer) consisting of four vertical radiating elements equally spaced around a center
pedestal, and parasitically excited by the loops. The length of these elements, as well as their height above the
loops, is adjustable to facilitate minimizing the vertically polarized energy from the four-loop pedestals.

The control unit provides VOR control from either a remote point or from the transmitter location.

The monitor equipment is used to check course alignment, and radiated reference-phase and variable-phase signal
levels. Associated with the monitor are its power supply and the counterpoise-mounted field-detector which
samples the radiated RF field and provides the monitor unit with the information necessary to accomplish its
functions. Monitoring alarm levels are set to prescribed values by means of front panel controls. The reference
and variable amplitude alarms are adjusted to detect decreases in signal level in the range of S to 30 percent. The
phase alarm circuit may be set to detect course shifts in the range of 0.3 to 3.0 degrees. The field detector
output, which passes through the alarm detection channels in the monitor, contains the 30-Hz variable-phase
signal, the keyed 1020-Hz identification tone or aural information, and the 10-kHz subcarrier which is
frequency-modulated at 30 Hz.

The automatic transfer unit automatically transfers standby equipment to the operational status in the event of
an equipment malfunction.

2.2.3  System Application

a. Basic System Application. The basic function of a VOR facility is to provide bearing information to
aircraft. Output power of VOR stations range from 50 to 200 watts. The normal operating field starts at the
radio horizon and encompasses an elevation angle of not less than 60 degrees. The FAA specifies the maximum
VOR operating range to be 130 nautical miles (NMI) and a height of 45,000 feet mean sea level (MSL); some
VOR equipments operate only up to 12,000 feet MSL within a 25-NMI range.

The radial-signal error, associated with the ground components only, excluding all other error factors, has been
found to be *1.9 degrees. The aggregate system error, including the airborne component error (3.0 degrees) is
equal to 3.5 degrees. But airway routes and terminal area procedures in the United States are designed on the
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basis of a system use accuracy of 4.5 degrees. The tolerance difference allows a factor for pilot-error in
utilization of the information. This utilization error (an independent variable), is attributable to the fact that a
pilot cannot keep the aircraft precisely centered on the bearing presented.

Both the Navy and the FAA have added ground-to-air communication to the VOR system. Station identification
signals may be transmitted by International Morse Code and/or voice. Voice broadcasts are generally limited to
providing local weather conditions, but airfield VOR stations may add local landing and takeoff information.

b. Types of VOR. There are three basic types of VOR facilities: en route, terminal, and test. The latter two
are low-power facilities usually located on or near the airfield. A test facility VOR is used by a pilot to check
the operation of his equipment prior to departure. Terminal VOR, with a range of 15 to 25 NMI, is used by the
pilot to line up his aircraft with the active runway during final approach. A second application for a terminal
VOR is as a navigational guide around the airspace above an airport during aircraft stacking. A VOR may be
located near an airfield for use by a pilot primarily as a navigational aid over congested or restricted areas during
an airfield approach; for final approach, the pilot would switch to the terminal VOR, visual approach slope
indicator (VASI), or other terminal systems as directed by the local controller.

There are over 400 en-route VOR facilities in the United States, distributed in an overlapping pattern along the
many air routes. These stations, transmitting at high output power, provide ground-to-air communications and
bearing information to civil aircraft flying above 5000 feet MSL within a range of 40 to 100 NMI. A single VOR
facility provides bearing information relative to one fixed point. Using transmitted signals from two adjacent
VOR facilities, a pilot can determine his position and by continuing this procedure, his geographic location can
be determined anywhere as he traverses the United States.

c. Doppler VOR. Terminal VOR facilities near large cities have bearing information errors induced by
signal-reflections from large structures. To overcome this problem, doppler VOR was developed. Doppler VOR is
highly accurate and relatively free of the errors that result from unfavorable sitings. The doppler mode of
operation is considerably changed from that of the regular FAA-VOR, but it provides the same information to
conventional VOR aircraft receivers. The ground-installation for the doppler system includes the addition of a
second transmitter and of 50 antennas mounted 7.2 degrees apart on the counterpoise at a 22-foot radius. The
original transmitter and antenna provides the reference signal, and the second transmitter provides the
variable-phase signal by sequentially switching its output from one to another of the 50 antennas, at a switching
rate of 1500 times per second; thus simulating an antenna rotation of 30 revolutions per second to produce the
30-Hz variable-phase signal.

2.3  TACTICAL AIR CONTROL AIR NAVIGATION

Tactical Air Control Air Navigation (TACAN) is an air navigational aid which provides aircraft with azimuth and
distance information with respect to a ground reference point. TACAN is a polar-coordinate system similar to
that providled by VOR when combined with distance-measuring equipment (DME). TACAN utilizes the
coordinated-system principle that a single emission may provide both bearing and distance information. The
airborne equipment consists of a transmitter-receiver (interrogator); the ground station consists of a ground
beacon (transmitter-receiver-antenna) and control equipment. The range of TACAN is 200 NMI, while its
accuracy is 0.2 mile in distance and one degree in bearing.

2.3.1  System Principles

a. Objectives. The objective of a TACAN facility is to provide safe navigation for user aircraft. Whether a
facility is categorized either as ‘‘special,” for military temporary tactical purposes or “published,” for routine
operations, safety of flight and effective navigation must be preserved at all times. Both situations necessitate
that the facility be reliable, and that it perform within the tolerances specified in the United States Interagency
Ground Inspection Manual, OPNAVINST 3721.18.
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The TACAN system provides polar-coordinate bearing and distance information from a known reference point
which enables a pilot to fix his position as illustrated in figure 2-5. The system does not, however, measure or
provide aircraft heading. As shown in figure 2-5, the TACAN ground beacon antenna must be accurately aligned
with magnetic north since bearing information is derived from magnetic north and is displayed on an indicator
which is calibrated in degrees. On a typical azimuth indicator, the dial is fixed and the pointer arrowhead
indicates bearing to the beacon.

MAGNETIC NORTH '

A

MAGNETIC NORTH

BEARING
BEACON FROM BEACON
KNOWN
REFERENCE -~
POINT —~— —
Distance —~— BEARING
\ TO
BEACON
AI1AB03!

Figure 2 -5. Principles of TACAN

The distance measured to the beacon source is presented in nautical miles. It should be noted, that distance as
measured by TACAN is slant distance or line-of-sight distance from the beacon antenna to the airplane (not
geographical distance on the earth’s surfaces) and will be designated as beacon distance. The typical
beacon-distance-indicator is a drum-type meter with a three-digit display.

The third important TACAN beacon output is the identification call which is transmitted periodically in
International Morse Code, thus enabling the aircraft to determine which facility it is contacting.

b. Distance Measurement. Operation of a TACAN system starts with the airborne transmitter or interrogator
sending out a continuous train of pulse-pairs at a rate of 30 pair per second at a frequency in the 1025 to 1150
MHz band (figure 2-6). Transmission may be on any one of 126 channels spaced 1 MHz apart. The pulses have a
duration of 3.5 microseconds with a spacing of 12 microseconds. Airborne transmissions (interrogations) are
received in the ground equipment (transponder) and are retransmitted on a channel in either the 962 to 1024 or
1151 to 1213-MHz band. Transmission is on one of 126 channels in these bands, with the receiver and
transmitter frequencies 63 MHz apart. The transmission from the ground transponder goes to the airborne
receiver and the difference in time between the original airborne and ground equipments display on the azimuth
indicator. Except for the frequencies and pulse characteristics specified, the foregoing description illustrates any
pulse distance-measuring system. Beginning from this fundamental basis, TACAN employs special equipment so
that bearing, as well as distance, is furnished.
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Figure 2-6. TACAN System, Simplified Block Diagram
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In the foregoing description, the transmitter of the distance-measuring ground beacon is required to send out
pulses only in reply to interrogations. In such a system, the number of transmitted pulse pairs would be 30 per
second per airborne equipment. Thus, none would be sent out if there were no aircraft interrogations and 3000
if there were 100 aircraft interrogating the beacon. There is a serious problem in maintaining the receiver
sensitivity of the ground beacon at maximum level throughout the range of the interrogations. At low
interrogation rates, random noise may trigger the transmitter. Therefore, TACAN ground beacons are operated
with a constant-duty cycle. In this method of operation, the beacon receiver is provided with an automatic
gain-control system that maintains the number of pulses out of the receiver at an almost constant 2700
pulse-pairs per second. When only a few interrogation are being received, receiver gain is very high and the noise
generates filler pulses. These pulses are counted, and receiver gain adjusted for the 2700 pulse-pairs. When
additional interrogations are received, the gain is reduced proportionally and the noise-generated pulses are
replaced by replies to the interrogations. If more than 100 aircraft interrogate the beacon, replies are made to
the 100 strongest interrogations.

The relation between the gain and the number of pulses is such that only a 3-dB change in sensitivity occurs
between reception from 1 aircraft and from 100 aircraft. An added advantage of the constant-duty-cycle beacon
is that overall transmitter-circuit drain remains constant. Such operation permits use of simple power supplies,
minimizes tuned-circuit drift, and makes for more predictable component life and maintenancecycle
requirements.

c. Bearing Information. The TACAN emission is used to generate a cardioid pattern very similar to that of
the VOR. This pattern is generated by rotating about the normally nondirectional ground-beacon antenna a
parasitic element that serves either to absorb or to reflect the energy along a line containing the element and the
antenna. The pattern may be rotated in azimuth by mechanically rotating the parasitic element about the vertical
antenna. To signify when some characteristic of the cardioid is passing through north, it would be possible to
attach a contact to the rotating mechanism so that a special series of pulses would be sent out at the appropriate
time. Bearing would then be determined by measuring the phase between the special pulse burst and the signal
generated by the modulated pattern. TACAN employs two sets of rotating elements: one element produces a
cardioid that resolves the direction ambiguity produced by the pattern generated by a second set of elements; the
second set of elements generates a nine-lobed pattern that produces finer bearing information. The single element
of the TACAN beacon is rotated about the antenna at 900 r/min; thereby producing a 15-Hz signal in the
receiver output. The nine elements also rotate at the same speed, thereby producing a 135-Hz output signal.

The TACAN ground beacon supplies to its antenna 2700 pairs of pulses per second at all times. All pulses are of
equal amplitude, but the energy radiated from the antenna has a definite directional pattern.

In the directional antenna shown in figure 2-7 only the central fixed element is energized by the transmitter.
Outside of the central element there are two cylinders made of nonconductive materials and tied together by
disks at top and bottom. These cylinders rotate together at 900 r/min. Imbedded in the outer cylinder are nine
similarly excited elements. Assume that the outer cylinder is removed; the remaining parasitic element reflects
energy in one direction and attenuates the energy in the exactly opposite direction. If the rotation of the
cylinder were stopped and the amplitude of the signal were measured around the antenna and plotted in polar
coordinates, the result would be a cardioid pattern as shown in figure 2-8A. With this antenna the airborne
equipment would receive a series of amplitude-modulated-pulse-pairs represented by the vertical lines in figure
2-8B. The envelope of these pulses, indicated by the dashed line, is a 15-Hz sine wave. Modulation is maintained
below 100 percent to ensure that the pulses will always have sufficient strength to supply distance-measurement
service.

Before considering the effect of the outer cylinder, note should be taken of the closely spaced reference pulses
shown in figure 2-8B. These pulses, which furnish a reference for the measurement of phase (bearing), are sent
out at each instant that the cardioid-pattern maximum is pointing due east. They are distinguished from the
distance-measuring signals by their coding. The distance replies (filler pulses) occur in pairs with 12-microsecond
spacing. The 15-Hz reference signal, on the other hand, is a precisely arranged regular group consisting of 12
pulse pairs with exactly 30 microseconds between pairs, as shown in figure 2-9.
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Figure 2-7. TACAN Antenna, Pictorial Diagram

Consider the effect of the outer cylinder, which has nine parasitically excited elements uniformly spaced at
40-degree intervals; these elements cause an increase in the radiated field in one direction and a corresponding
decrease in the exactly opposite direction. If the outer cylinder existed alone, the resulting field pattern would
take the shape of a gear with nine teeth. Since there is an inner cylinder, which already has produced a distorted
pattern, the result is a cardioid with nine perturbations as shown in figure 2-10. The resulting sinusoid has a
frequency of 15 Hz with a pronounced ninth harmonic, i.e., a frequency of 135 Hz. Reference pulses are also
sent out for the ninth harmonic. These reference pulses, transmitted every 40 degrees, consist of 6 pulse-pairs
spaced 24 microseconds apart. Eight of these reference groups are transmitted for every antenna rotation. The
ninth position in the transmission cycle is occupied by the 15-Hz reference signal as shown in figure 2-10.

A solid-surface representation of the antenna radiation pattern is illustrated in figure 2-11. The field pattern E¢
of the TACAN ground beacon, expressed as a continuous wave, is given by:

E¢=Emax[l+klcos(wmt-¢)+k2cos(9wmt~9¢)] (2-9)

where:
wp,= angular rate of rotation of the space pattern

¢ = bearing of the beacon from the receiver

ky and ko = constants determining percentages of modulation
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Following the detector, the 15- and 135-Hz components of the wave given by equation 2-9 are separated and
become, respectively:

E¢1= Enax [1+kjcos(wpt-¢)] (2-10)

E¢2= Eax [ 1 +kycos (9wpt-9¢)] (2-11)

The 15-Hz reference signals could control the phase of a local oscillator so that its output, Erl, would be given
by:

E, = E

f cos wpt (2-12)
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Figure 2 -8. TACAN Radiation Pattern
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Figure 2 -9. Radio-Beacon Signals, Synthesis of
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Figure 2 -10. TACAN Modulation Envelope

A phase-measuring circuit is used to compare the local oscillator output with the 15-Hz signal from the detector
by subtracting the voltage given by equation 2-12 from that given by equation 2-10 to yield ¢, the bearing of the
aircraft from the beacon. This process is identical with that employed in the VOR and would produce bearings
with no greater accuracy.

The 135-Hz reference signals could control the phase of a local oscillator so that its output Er2 is given by:
lEIr2 = Eax €08 9wt (2-13)

A phase comparison of the waves given by equations 2-13 and 2-10 yields the measurement of an angle 6, which
is:

0=9¢ (2-14)

An error in the measurement of angle ¢ through comparison of equations 2-12 and 2-10 should be of the same
order of magnitude as a similar measurement of angle 0 obtained by comparing the voltages given by equations
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2-13 and 2-12. In the latter measurement, however, ¢ equals only 1/9th of 8; therefore it should yield a result 9
times more accurate than the former. Consequently, the 15-Hz phase measurement is employed initially to move
the bearing-indicator pointer to within the correct 40-degree bearing sector. The exact positioning of the pointer
within the sector is under control of the 135-Hz phase measurement, which is geared down by a 9-to-1 ratio.

upP

DOWN 9

AlABO3S8

Figure 2-11. TACAN Solid Surface Radiation Pattern

An observer within the aircraft receiving the radiated signals cannot determine his bearing from the modulated
signals alone. A reference system must be superimposed on the modulated signals to enable determination of
bearing with respect to transmitter location. In order to establish this reference, the TACAN beacon is made to
transmit reference signals, spaced at specific intervals. These reference signals are initiated by a reference pulse
generator (pulse plate). This plate is mechanically linked to the rotating reflectors and mounted horizontally
below the central array. Machined on the lower edge are eight slots, and machined on the upper edge is one slot.
Fitted in the slots are soft iron slugs. As the antenna reflectors rotate, the pulser plate also rotates. The upper
and lower slugs on the edge of the pulser plate each pass through the air gaps of magnetic circuits which are
separately excited. As each of the slugs passes through the air gap the net reluctances of the magnetic circuits are
changed and pulses are induced in the coil windings. These trigger pulses are sent into the video circuits of the
coder-indicator where they initiate the pulse patterns peculiar to the 15- and 135-Hz reference bursts.

Generation of a 15-Hz reference trigger pulse occurs each time the 15-Hz component is at zero phase, going
positive. The coder-indicator uses this 15-Hz reference trigger pulse to generate the 15-Hz reference burst, which
are video, not RF pulses. The video pulse becomes the envelope of the waves shown in figure 2-11 which are
transmitted by the TACAN beacon antenna as north (15 Hz) bearing marker signals. Thus, for a coarse bearing
reading, an aircraft receiver measures the phase shift between the 15-Hz modulator bearing signal and the 15-Hz
north marker signal. This reference signal establishes the time reference for all directions from the beacon and is
independent of the location of the interrogating aircraft.
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Similarly, 135-Hz reference trigger pulses are generated by the slugs on the lower edge of the pulser plate. Thus,
every 40 degrees of rotation from north, a 135-Hz trigger pulse is sent to the coder-indicator for generation of
135-Hz reference bursts. These bursts are used by the aircraft receiver as 40-degree reference markers.
Transmission of a 135-Hz reference burst occurs at phase-coincidence of the 135-Hz component of the beacon
output; the O-degree (north) reference occurs when the mid-amplitude point on the positive slope of the 135-Hz
sinusoid crosses the mid-amplitude line of the 15-Hz sinusoid positive slope. Thus, the 135-Hz reference bursts
(also called auxiliary reference pulses) are associated with the 135-Hz modulation and the phase difference
between the two signals, as measured by an aircraft receiver, is the fine azimuth reading.

d. Airborne Operation. The airborne TACAN receiver (figure 2-12) develops bearing information by
comparing the amplitude modulation and the reference pulse burst components of the received signal. The 15-
and 135-Hz modulations are isolated by filters and fed to individual phase shifters where the phase of each signal
is automatically adjusted to its respective reference pulses by a servo motor. The mechanical linkage of the
“coarse” and “fine” systems are common to the servo motor; because of this common link, any discrepancy in
the “coarse” system will affect the performance of the “fine” system or vice versa. Also, when the azimuth
control circuit is in the search position, the servo motor slews counterclockwise until the north reference burst
coincides with the “coarse” crossover point. With this coincidence, the relay is energized and the contact switch
to the track position. The servo motor is then controlled by the “fine” system and seeks to maintain the
auxiliary reference pulses in alignment with the crossover points of the 135-Hz modulation.

The “‘coarse” system selects and maintains the sector within 20 degrees of correct azimuth; it does not track
small bearing angles. The “fine” system performs the incremental tracking and if azimuth error exceeds 20
degrees, the search-track relay opens and the coarse system slews the motor counterclockwise to again seek a new
correct coarse sector.

Figure 2-13 illustrates how the aircraft receiver interprets the bearing reference signals. While the 135-Hz
modulator pattern and the 135-Hz reference bursts are employed as verniers to obtain greater accuracy, they
have been omitted for the sake of simplicity. Actually they are interpreted automatically by the aircraft receiver
to provide a continuous, accurate meter reading.

2.3.2  System Configuration

a. System Description. A TACAN system consists of three groups; a receiver-transmitter group, a power
supply test set assembly, and an antenna group. A simplified block diagram of a typical (AN/URN-3) TACAN
system is shown in figure 2-14.

A tabulation of the component parts of a typical TACAN system ground equipment (AN/URN-3A) is presented
in table 2-2. The functional block diagram is shown in foldout 2-2.

b. Component Functions. The receiver-transmitter group comprises an electrical equipment cabinet which
houses the radio receiver, coder indicator, frequency multiplier oscillator, amplifier-modulator and control
duplexer.

The radio receiver performs the following functions sequentially:

o Receives from the control-duplexer the aircraft distance-interrogation pulse-pairs

o Converts the distance interrogation pulse-pairs, along with random noise generated in the receiver
crystal mixers and first preamplifier stage, to an intermediate frequency of 63 MHz and then amplifies and

demodulates them

o Produces a single pulse for each decoded pulse-pair by means of a coincidence decoding circuit. This
circuit decodes noise and interrogation pulse-pairs having pulses separated by 12 microseconds
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o Assures, by means of a blanking circuit, a separation of 40 microseconds between decoded pulses by
cancelling all pulses which occur less than 40 microseconds after a preceding pulse for echo suppression

o Maintains a constant output at 2700 $90 pulses per second, regardless of the interrogation rate.
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Figure 2 -14. TACAN, Simplified Block Diagram

The coder-indicator performs the following functions as required:
o Generates a 15-Hz reference burst each time a 15-Hz trigger video pulse is generated in the antenna
o Generates a 135-Hz reference burst each time a 135-Hz trigger video pulse is generated in the antenna

o Generates a radio beacon identification call of 1350-Hz and applies International Morse Code keying to
the transmitter at specific intervals
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o Processes the distance interrogation pulses and, in combination with. time delays in the receiver,
transmitter, and RF cable, adjusts net transit time to exactly SO microseconds

0 Assigns priorities of transmission to the components of the signal, which consists of the bearing
reference bursts, the radio beacon identification call, and the replies to distance interrogations and random noise
pulses

o Combines the various components of the signals

o Produces, through a tapped delay line and double-coding circuit, for each component pulse a pulse-pair,
the pulses of which are separated by 12 microseconds. (This action makes the 15-Hz reference burst a train of 12
video pulse-pairs spaced 30 microseconds apart, and the 135-Hz reference burst a train of 6 pulse-pairs spaced 24
microseconds apart.)

The frequency multiplier-oscillator chronologically functions to:

o Generate the initial frequency by means of its crystal oscillator

o Provide the radio receiver with output-oscillator frequency

o Modulate the RF provided for the klystron drive in a carefully shaped fashion

o Provide RF drive power to the klystron.

The principal functions of the amplifier-modulator as required are:

o The application of beam pulses to the cathode of the klystron in the unit. (When applied to the

klystron, these pulses key-on the beam coincident with the application of RF power to the klystron, thereby

permitting amplification and transmission of the RF to the antenna.)

o The application of pulses of the correct magnitude and delay, with respect to the modulator pulse
input, to the pulse-widener stage of the sharper network.

o The application of pulses of the correct magnitude, shape, and delay, with respect to the modulator
pulse input, to the control grid of the first double stage of the oscillator.

o The provision of a variable time-delay for the modulator input pulses. (A compensating adjustment of
the variable time delay is made every time the channel frequency of the transmitter output is changed to
maintain the overall delay to distance-interrogation and reply signals through the radio beacon constant, at 50
microseconds.)

The control-duplexer performs the following functions:

o Incorporates the major portion of the control circuits which, by governing power distribution to the
other circuits of the radio beacon, determine to a large extent proper functioning of the equipment

o Permits simultaneous connection of the transmitter units and the radio receiver to a single antenna.

The power supply-test set group consists of an electrical equipment cabinet which contains the low voltage power
supply, medium voltage power supply, high voltage power supply, and a transformer and blower. The upper
portion of the cabinet is divided into four compartments for housing test equipment, including a peak power
meter, oscilloscope, and pulse analyzer signal generator, which provide the capability of monitoring system
operational performance and of malfunction detection.
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Two type of TACAN antennas are used for required frequency coverage. Each antenna can operate on 63
channels, either in the low band (962 to 1087 MHz) or in the high band (1088 to 1213 MHz). Separate
frequencies are used in each channel for receiving and for transmitting. The low-band receiving frequency is 63
MHz above the transmitting frequency; the high-band receiving frequency is 63 MHz below the transmitting
frequency. A cutaway view of a typical TACAN antenna is shown in figure 2-15.

Whichever antenna group is used, the following functions are performed as required:
o Receive distance interrogation pulse-pairs from the aircraft
o Radiate replies which the aircraft receive and process to obtain distance and bearing information
o Provide bearing reference pulses to trigger the coder-indicator at specific intervals

0 Modulate the pulse envelope with 15- and 135-Hz frequencies used for bearing information
[

c. Typical Installation. Flight safety rules for TACAN operation require that the system be continuously
operative. To increase system reliability, each TACAN facility has dual transmitter-receiver groups and power
supply test assemblies (see figure 2-16). The control monitor group monitors the radiated TACAN signal for
proper operation. Utilization of the monitor antenna for continuous sampling of the radiated output permits the
monitoring circuit to constantly check significant radio-set characteristics such as peak power, receiver sensitivity,
reply delay, pulse spacing, identity, squitter count, antenna speed and azimuth error. Any failure or
out-of-tolerance reading will cause automatic switching of the antenna group from one transmitter set to the
other.

2.3.3  Applications

TACAN is used at shore activities to provide the radio beacon or “ground” portion of an air navigation system.
The principal outputs of the beacon are the distance information signals, bearing information signals, and the
station identification call. Thus, an aircraft with TACAN equipment (such as Radio Set AN/ARN-21) can
accurately determine its position. The airborne equipment transmits distance-interrogation signals to the radio
beacon and receives from it a composite signal which is translated into distance from the beacon, the bearing of
the TACAN site from the aircraft relative to magnetic north, and radio beacon station-identification. Using this
information, the geographical location of an aircraft can be established, and as many as one hundred aircraft may
simultaneously obtain navigational information from a single TACAN ground installation.

With an operating range of approximately 200 NMI, TACAN is considered an en-route, short-distance,
navigational aid. A single beacon may be used as a guide when flying a short distance or, by changing frequencies
as they pass from the operating range of one TACAN station to the next, an aircraft could fly from coast to
coast, or border to border, in the continental United States without requesting or receiving verbal navigational
instructions. As an aircraft approaches a station and the pilot selects it on his receiver, the bearing and slant
distance to the beacon will be displayed on the azimuth and range indicators. The indicators will continue to
display updated information throughout the beacons’ operating range.

2.4  VHF OMNIDIRECTIONAL RANGE TACTICAL AIR CONTROL
VORTAC is the designator for co-located VOR and TACAN systems at one navigational facility. The two

systems operate independently except for transmisssion of the station-identification call. The VORTAC theory of
operation is covered separately under VOR and TACAN in this handbook.
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Figure 2-16. TACAN Ground System, Block Diagram
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24.1  System Principles

The assigned channel of transmission for each VORTAC facility is assigned by the Chief of Naval Operations.
The VOR components operate in the 108.00 to 117.90 MHz band, presently with a 0.10-MHz channel
separation. TACAN components presently operate in two 63-channel bands from 962 to 1213 MHz. A low-band
ground installation is interrogated by 1025- to 1087-MHz signals and responds at 962 to 1024 MHz; a high-band
ground installation is interrogated by 1088- to 1150-MH: signals and responds at 1151 to 1213 MHz. TACAN
channel separation is 1.0 MHz, while the interrogate-reply frequency separation is 63 MHz.

All 100 VOR channels are paired with 100 selected TACAN channels for VORTAC operation as defined in FAA
Advisory Circular AC NO: 00-31, dated 10 June 1970, “U.S. National Aviation Standard for the VORTAC
System.” TACAN channels 1 through 16 and 60 through 69 are allocated for independent military TACAN
operation.

2.4.2 System Configuration

A VORTAC facility contains two systems: the VOR portion includes a main and a standby transmitter group,
main and standby goniometer and amplifier circuit, one antenna group, and one set of control and monitoring
circuits; the TACAN portion includes dual receiver-transmitter units, dual power supply-test monitor assemblies,
and one antenna group. All power used by the electronic equipment in a VORTAC facility is separately regulated
for VOR and for TACAN. In the event of a commercial power failure, there is available a 37.5 kVA autostart
engine generator. The autostart feature is sensitive to both voltage and frequency variation; if either exceeds
preset limits the engine-generator will start and be switched in.

The TACAN antenna is positioned directly above the VOR antenna, under the same fiberglass dome. The
antenna assembly is mounted above the counterpoise roof of the building; the counterpoise is approximately 52
feet in diameter and the TACAN antenna is at a height of approximately 30 feet.

The VOR and TACAN systems are individually self-monitoring, and will automatically switch operating
components upon intolerable performance degradation. Operating-status indications from the monitors are
continuously and simultaneously remoted to the local control tower and the FAA flight service station to
indicate proper operation, transfer of equipment, or shutdown of each system.

24.3  System Application

VORTAC facilities are installed by the FAA as en-route stations to service both civil and military aviation. Most
en-route VOR stations have been converted to VORTAC. Civil aircraft use VOR for bearing information and use
TACAN for distance measuring information; TACAN is used by military aircraft for both bearing and distance
information.

By using the available matrix of VORTAC stations, a pilot may determine his geographic location anywhere in
the United States.

Of the 100 VOR channels, 20 are allocated for instrument landing system (ILS) channels used exclusively by
civil air carriers and general aviation. Terminal VOR and ILS facilities are located at most commercial airports.
The heavy increase in aviation traffic has resulted in the need for augmented en-route and terminal navigational
facilities. The resulting radio frequency congestion has become an acute problem in several sections of the
country; it is no longer possible to provide dedicated frequencies for all proposed navigational aids. Since the
VOR and ILS frequency band is constrained by the FM commercial broadcast and the aeronautical mobile
communication bands, an adequate frequency spectrum to provide additional frequencies is not available. The
next logical step is implementation of 50 kHz separation of VOR and ILS channels to double the channel
availability. To increase the number of TACAN channels for pairing, the same frequency band will be used for
both interrogating and reply signals. The original allocations are referred to as X channels and the new channels
as Y. Table 2-3 illustrates the paired X and Y VOR-TACAN channel frequencies, which are definitized in FAA
Advisory Circular AC NO: 170-12, dated 7 October 1970, entitled “Implementation of 50 kHz/Y Channels for
ILS/VOR/DME.” '
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Table 2-3. VOR-TACAN Channel Frequencies

VOR TACAN
CHANNEL CHANNEL INTER REPLY
FREQUENCY NUMBER FREQUENCY | FREQUENCY
MH:z MHZ MHz
108.40 21X 1045 982
108.45 21Y 1045 1108
112.20 59X 1083 1020
112.25 59Y 1083 1146
113.70 84X 1108 1171
113.75 84Y 1108 1045
116.30 110X 1134 1197
116.35 110Y 1134 1071
117.50 122X 1146 1209
117.55 122Y 1146 1083

Figure 2-17 shows the relationship of the interrogating-reply frequencies with respect to the paired X and Y
channels. These new channels are scheduled for implementation by 1 January 1973 with only minor
modifications required for both civilian and military equipment.

2.5 RADIO BEACONS

A radio beacon in its fundamental form is a nondirectional radio station in a fixed geographical location,
emitting a characteristic signal from which an aircraft can obtain bearing information. Some beacons operate
continuously, while others transmit only in response to an interrogation signal.

Marker beacons are widely used navigational aids. Radio beacons are located along airways to supplement radio
navigation systems, and along airport approaches to supplement aircraft landing systems. Radio beacons operate

in three frequency bands: LF, VHF, and UHF.

2.5.1 LF Marker Beacons

Nondirectional ground stations, called radiophares, used as a source of radio transmission is the simplest form of
radio beacon that can be installed as an aid to navigation. These stations transmit an omnidirectional signal
pattern modulated by a 1020-Hz identification tone which can be used for long- or short-range homing by
aircraft equipped with radio direction finders. The low-frequency tone is also used to intermittently transmit the
station identification in International Morse Code. LF radio beacons operate in the 200 to 800 kHz band with a
power output up to 400 watts.

A typical LF radio beacon communication set (figure 2-18) consists of radio transmitter, antenna coupler,
modulator power supply, and transmitter control equipment.
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The transmitter group generates an RF carrier. The group contains an oscillator, a buffer amplifier, intermediate
power amplifier, and power amplifier.

The antenna coupler is a loading coil assembly for resonating the antenna to the operating frequency and
coupling the antenna to the transmitter. Taps are provided so that the coil can be adjusted at any frequency in
the operating range.

The modulator-power supply consists of four audio amplifier stages, with a 3-stage limiter circuit, a 1020-Hz
phase-shift oscillator circuit, a low-voltage power supply, and a bias supply. The unit also contains a voice control
relay, which is energized by the DC signal received from the remote control unit.

The transmitter control (remote control) unit applies primary power to the transmitter and selects the type of
intelligence transmitted (voice or 1020-Hz keyed oscillation). When voice transmission is used, a three-stage
microphone amplifier in the remote control unit amplifies the input signal for the audio stages in the transmitter.

LF radio beacons, with power output up to 400 watts, are classified as long-range radio-compass locator stations.
For this type of operation LF radio beacons are installed along the coast and on weather-station vessels, to aid
air navigation over established ocean routes. Some stations also have voice communication capability.
Most LF radio beacons are employed as long-range homing beacons, but are also used for short-range homing to
an airfield approach course. For this application, the facility operates with a power output of less than 10 watts
and is generally co-located with the airfield outer marker beacon. This short-range compass-locator allows aircraft
within a radius of 10 NMI to “home” into a transmitter and antenna, which have a certain relationship with the
airfield approach course.
The Navy classification of LF transmitters is as follows:

Type H - Power output greater than 50 watts, operates continuously

Type MH - Power output less than 50 watts, operates on request

Type K - Power output 25 watts; operates continuously, generally complements landing system boundary
markers.

2.5.2  VHF Marker Beacons

VHF marker beacons, used to identify geographic locations, are classified in three categories:
o Station Location Marker - To locate the range station with which it operates

o Fan Marker - to furnish aircraft with a check as to progress along airways, to mark the junction of two
radio-range courses, to designate a hold-point for aircraft within 10 to 20 miles from an airfield or to mark
obstructions

o Low Power Fan Markers - for special purposes such as “let-down” along a radio-range course. (The lower
power is required for installations closer than eight miles to an airport to reduce interference with the station
location markers.)

All VHF marker beacons operate at 75 MHz but are distinguishable by their modulating tone and pulse rate. The
low-power fan markers used for airport boundary markers are modulated at 400, 1300, or 3000 Hz with a pulse
rate of 2, 6, or 12 pulses per second (PPS) respectively. If an airport approach has three boundary markers, the
outer marker is modulated at 400 Hz with a pulse rate of 2 PPS, the middle marker is modulated at 1300 Hz
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with a pulse rate of 6 PPS and the inner marker is modulated at 3000 Hz with a pulse rate of 12 PPS. The FAA
now uses only two markers with the runway approach system. The outer marker, located approximately five
miles from the end of the runway is modulated by 400 Hz with 2 PPS. The second (middle) marker, located
3500 feet from the end of the runway, is modulated at 1300 Hz with 6 PPS. The output power from these
beacons is only 2 watts, and the radiating pattern is such that if an aircraft is not within the runway approach
pattern (in both altitude and azimuth) the beacon signal will not be received.

With the advent of VOR and TACAN, the FAA has eliminated most other VHF fan and station location
markers, but usually two low-power boundary-marker beacons are located at each end of each instrumented
civilian runway.

2.5.3  UHF Marker Beacons

UHF radio-beacon equipment installed on or near Naval Air Stations provides an identifiable modulated
continuous wave signal for station location and voice-modulation for ground-to-air communication. Operating in
the 225 to 400 MHz frequency range, with nominal carrier output of 22 to 25 watts, a UHF homer beacon is
limited in range to line-of-sight coverage. The facility is usually located 3 to 10 miles from the air station, on the
centerline of the instrument runway if feasible. The UHF radio beacon equipment is designed for remote,
unattended, continuous operation. Continuous operation is accomplished by employing one transmitter in
hot-standby for automatic transfer in the event of master-transmitter failure. Transfer of transmitters can also be
accomplished manually either locally or remote, by means of a telephone dial system. A typical UHF radio
beacon set is illustrated in figure 2-19. Included also is the voice communication capability which is usually a
recorded transmission of local weather conditions and landing/departure instructions. This recorded message,
known as Automatic Terminal Instruction Service, is controlled by the operations personnel with the weather
information obtained from the local weather facility. These recordings which are updated as conditions warrant,
tremendously reduce ground-to-air communications.

2.5.4 Automatic Direction Finder Transmitters

The automatic direction finders (ADF) transmitter is usually a high powered transmitter located near an air
station to aid aircraft equipped with automatic direction finders. For military operations those facilities located
near the coast are operated in the LF/MF (200 to 800 Hz) range, while homer beacons near air stations not close
to the coast operate in the UHF (200 to 400 MHz) range. Navy facilities operate in the UHF band, but joint
FAA-Navy activities may have transmitters operating in both the VHF and UHF bands (VHF band ranges from
120 to 200 MHz).

Homer facilities are operated at up to 400 watts power output maximum, thus providing high flying aircraft,
many hundreds of miles away, another navigational aid.

2.6 RADIO DIRECTION FINDERS

Radio direction finders (RDF), installed on Naval Air Stations, provide course-guidance for aircraft unable to use
other navigational aids. The primary purpose of RDF is to determine the exact bearing of any transmitted radio

signal. Two RDF ground stations may be used to determine the location of a radio transmitter.

2.6.1  System Principles

The radio direction finder (hereafter referred to as direction finder (DF)) provides a means of rapidly
determining on the ground the direction of fixed or mobile sources of radio transmissions. Received-signal
bearing is displayed on the face of cathode-ray tube (CRT). If the received signal is amplitude-modulated with
voice or tone, the audio portion of the signal is made available for monitoring.
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Figure 2-19. UHF Radio Beacon Set, Block Diagram
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Present radar air traffic control centers are configured with both direction finder equipment and radar. Although
the two systems are deriving aircraft position information, they have heretofore remained independent of each
other. Paragraph 2.6.1b will detail the integration of DF and radar.

a. Direction Finder. A direction finder set has three major subassemblies: a rotating Adcock antenna array, a
double superheterodyne radio receiver, and an azimuth indicator (see figure 2-20). The receiver operates in either
the VHF (116 to 150 MHz) or UHF (225 to 400 MHz) range. Signals present at the antenna are fed to the
receiver by means of coaxial cable. At the receiver the signal is amplified and mixed with the output of a
monitor-controlled variable-frequency oscillator (VFO) to produce the first IF signal. The IF signal is amplified
and mixed with output of a crystal controlled fixed-frequency oscillator to produce a second, lower-frequency IF
signal. The second IF signal is amplified and applied to a signal rectifier for detection. If the received signal has
been amplitude-modulated there will be two rectifier-stage outputs: a video signal and an audio signal. These
signals are applied through their respective amplifying stages to the indicator. The audio signal is fed to
headphones through a jack on the indicator cabinet front panel. The video signal is amplified and applied to a
modulator stage where it is superimposed on the carrier oscillator output. The modulated carrier is fed
simultaneously to the suppressor grids of two balanced modulators. From this point on, there are two signals
involved in this discussion; one for application to the CRT horizontal deflection plates and the other for
application to the vertical deflection plates.

The horizontal and vertical sweep signals, generated at the antenna, are applied to the control grids of the
balanced modulators. The resultant balanced modulator outputs are fed to a pair of detector stages for
demodulation and removal of the carrier signals. The detector output signals are composite signals composed of
video signals and the sweep signals. The detected signals are amplified and applied to the CRT vertical and
horizontal deflection plates. The resultant pattern on the CRT face is a figure eight, indicating reception of a
signal of the frequency to which the receiver is tuned. Around the perimeter of the CRT face is a compass scale
from which signal-bearing is read. Encircling the compass scale is an alidade ring which permits rotation of a
cursor screen positioned over the CRT face. When the figure-eight pattern is present on the CRT face, the cursor
screen is rotated so that its centerline coincides with the principal axis of the figure eight. This condition
indicates two possible bearings, one at each end of the cursor screen centerline. To overcome this ambiguity, a
CALIBRATE-SENSE switch is provided on the indicator front panel. When this switch is set to SENSE, the
figure eight is resolved into a V pattern, the apex of which indicates signal bearing to an accuracy of %5 degrees.
When no signal is being received, the pattern on the CRT face is a circle. When the CALIBRATE-SENSE switch
is set to CALIBRATE, the pattern appearing at the indicator is a 36-lobe daisy pattern.

The DF antenna is an Adcock array consisting of two vertically positioned dipoles, rotated by an 840-r/min
motor. The major factors contributing to the received signal strength are the polarization and directional
properties of the dipole. Although the antenna is most receptive to vertically polarized signals, it will respond
satisfactorily to signals polarized at angles up to 45 degrees from the vertical. Also, maximum voltage is induced
in the antenna when the signal being received is parallel to the axis of the dipoles. Conversely, minimum
induction occurs when the axis of the dipole is perpendicular to the direction of the signal travel. The result of
this varying response, as the antenna rotates, is an amplitude-modulated (AM) signal output from the antenna.
The envelope of this modulated signal becomes the video signal, after demodulation in the receiver, that is
applied in combination with sweep signals, to the CRT deflection plates.

The system is responsive to amplitude-modulated, frequency-modulated, and unmodulated signals. Voice
reception is possible with AM signals only. The antenna motor also drives a two-phase alternator which generates
the CRT horizontal and vertical sweep voltages and a tone wheel used to generate a CRT calibration signal.

b. Direction Finding Coordination System. For rapid control of air traffic it is desirable that the DF and
radar be automatically coordinated, particularly for use in the event of an emergency. In such an integration the
DF bearing information of the target provides an immediate identification of the calling aircraft on the radar
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monitor. The direction finding coordination system (DFCS) applies the output of a direction finder to one or
more radar indicators. The coordination system is controlled by the DF operator such that bearing data on the
target of interest is immediately transferred to the selected radar indicator and displayed in a method that
designates the target.

Initially the direction finder operator receives a target of interest on his display. If it is determined that this
target should be coordinated with the radar, the normal procedure of depressing the DF SENSE switch will
determine which is the true target. As long as video information is available, the DFCS azimuth readout will
present a readout corresponding to the aircraft bearing. However, since the same ambiguity of target position
exists in the DFCS panel, the readout advance may have to be depressed until the true bearing is obtained. Once
the correct azimuth is determined the DFCS will continue to track the aircraft unless transmission ceases or
excessive noise masks the signal. After correct target determination, the SYSTEM SELECT switch can be placed
in the DFCS enable position, thereby transferring the azimuth information to the radar azimuth cursor.

To obtain the desired accuracy, an improvement must be made in the ability to locate target aircraft more
precisely than that seen on the cathode-ray tube of the direction finder. The DF system determines the aircraft
position by using the null of the antenna pattern which is more definite than the relatively broad peak.

If a single DF video pulse (equivalent to 180 degrees of antenna rotation) is examined, as in figure 2-21A, the
symmetry of the signal about the peak is evident. The aircraft azimuth is the point of peak symmetry.
Integration of the falling 90 degrees of this signal (area 1) will yield a value equal to that obtained by integration
of the rising 90 degrees (area 2). If the integrated values are subtracted the result is zero.

The system application of this principle involves sampling two adjacent 90-degree portions of the video pulse
train. Only every other video pulse is sampled because two video pulses are equivalent to one rotation of the
antenna (360 degrees). Figure 2-21B illustrates the results if sampled integration areas are not at the line of
symmetry. Area 1 does not equal area 2; subtraction of the two areas gives a resultant value which is the error
signal used to drive a servo motor and resolver in the proper direction to make the integrated samples coincide
with the line of symmetry. When a reference point obtained from the antenna position alternator is established,
the angle through which the resolver rotates is an indication of the azimuth of the aircraft. The antenna-position
signals from the horizontal and vertical alternator windings mounted on the DF antenna pedestal are 14-Hz sine
waves 90 degrees out of phase. After processing in the DFCS, these signals are applied to a resolver. Any rotation
of the resolver rotor by the servo motor will result in an equal phase shift of both 14-Hz signals. With proper
feedback loops the servo motor rotates the resolver until the areas of integration of the video signal are equal. As
equality is obtained, the system is nulled and the resolver angle is aligned with the line of symmetry of either the
true or the ambiguous position of the aircraft. This possibility of false indication is removed when the DF
operator observes the azimuth readout and corrects the ambiguous position by depressing the readout advance
until the readout indicator is within +60 degrees of the true position. The DFCS will then null to the correct
azimuth. A second resolver, driven from the same servo motor and synchronized with the first, replaces the
cursor azimuth resolver within the radar to provide a signal to the radar relative to aircraft heading. The radar or
DFCS resolver is selected from the system control panel with the SYSTEM SELECT switch.

System accuracy depends on several factors, most important is the clarity of the 90 degree phase-reference signals
obtained from the DF that controls the DFCS integrator. Another is the small dead band inherent in the servo
loop which accounts for slight target heading changes without apparent changes in indication. Also of great
importance is the problem of signal reflections causing the antenna pattern null to deviate from its true position.

2.6.2 System Configuration

a. Direction Finder. This set consists of three major components: an azimuth indicator, a superheterodyne
radio receiver, and a rotating Adcock antenna array. Figure 2-22 illustrates the relationship of the units as
connected in a shore installation.
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Figure 2-21. Direction Finding Coordination System, Video Pulse Train Presentation
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Figure 2 -22. Direction Finder Set, Shore Installation Configuration
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The antenna array employing two vertically positioned dipoles with a sense relay, is located in the upper antenna
housing and enclosed in a plastic radome.

The lower antenna housing encloses the drive motor, balun, tone wheel, and alternator. Actuation voltage for the
sense relay is applied, through brushes, to sliprings at the base of the antenna shaft. Antenna drive-motor
operation is controlled by a switch on the azimuth indicator front panel. The antenna control cable and the RF
cable are connected to the antenna assembly through jacks at the base of the antenna housing.

The receiver group contains a receiver and a power supply mounted in individual cabinets equipped with safety
interlock switches. The receiver is comprised of three separate plug-in subassemblies designed to minimize
maintenance downtime: the RF head, the monitor, and the IF video-audio chassis. Receiver tuning is
accomplished from the azimuth indicator front panel. The receiver can be tuned to any channel in its range; 20
channels can be preset to expedite tuning.

The power supply operates from a single-phase 115-V, 50-60 Hz source, and provides regulated plate and
filament voltages for the tuning motor, clutch control, and frequency-control circuits.

The azimuth indicator subassemblies contain antenna and receiver remote controls, video- and sweep-circuit
amplifiers, a power supply, and the CRT indicator which provides a visual readout of bearing. Video, audio,
sweep, and calibration signals from the receiver are further processed in the azimuth indicator subassembly. The
video signals are amplified, modulated, and applied to the suppressor grids of a balanced modulator. Horizontal
and vertical sweep signals are applied to the control grids of the balanced modulator. The demodulated output of
the balanced modulator contains the composite video and sweep signals which are amplified and applied to the
CRT vertical and horizontal deflection plates. The resultant pattern on the CRT face is a figure eight indicating
that a signal is being received; the pattern is a circle when no signal is present. The calibration signal, when
applied to the CRT deflection plates, causes a 36-lobe daisy pattern to appear on the indicator face. The audio
signal is applied directly to a phone jack on the indicator front panel. All controls required for system operation
are located on the indicator front panel.

b. Direction Finding Coordination System. To incorporate the DFCS requires a minimum of modification to
existing equipment, as it has been designed to be adaptable to any type of DF and radar. A block diagram of the
direction finding coordination system is presented in foldout 2-3. The complete system is contained in a 7-inch
high, 19-inch panel, 21 inches deep.

Connections with the direction finder are from the horizontal and vertical winding of the two-phase alternator
mounted on the DF pedestal. These are fed into the DFCS amplifiers A1 and A2 which are high impedance (one
million ohms) field effect amplifiers with a gain of 0.6 that isolate the 14-Hz signals from the DF. These
amplifiers drive modulators M1 and M2 required to improve the resolver response.

Since the 14-Hz signal is low frequency compared to the 400 Hz, the output is 400 Hz suppressed carrier
modulated at 14 Hz. This process is exactly reversible; that is, if suppressed carrier signal is applied into the
output terminals, a demodulated signal will appear at the input terminals.

Amplifiers A3 and A4 have 9,100 ohm summing resistors at the input to give an overall gain of 0.5. These
amplifiers accept the signal from the modulator and drive resolver No. 1. The resolver used in this application has
six windings. Two stator windings are at right angles to each other to prevent a signal from one inducing a signal
in the other. Two compensation windings are wound so that one will pick up the signal from one stator while
the other picks up from the second stator winding. These compensation windings are used to provide the
feedback signal that is applied to the driving amplifiers A3 or A4. This corrects any non-linearity within the
stator winding by using the amplifier gain. The two remaining windings are rotor windings at right angles to each
other. The signal phase shift induced on each of these rotor windings is a function of their angle with respect to
the stator winding.
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The rotor output is fed into amplifiers AS and A6 which are connected as follower amplifiers and present a high
impedance output to the resolver. The amplifiers drive the demodulators demod-1 and demod-2 where the
suppressed carrier signal is demodulated and fed into the low pass filters. The output from the filters will be
equal to the original 14-Hz input signal, but phase shifted by the angle of rotation, 8, of Resolver No. 1.

Following the filters are two stages of amplification. A7 and A8 amplify with a gain of four and present a
high-input impedance to the filters. Squaring amplifiers A9 and A10 have no feedback resistors causing their
outputs to be square wave, and to drive the diode-transistor logic gates (figure 2-23).

The servo system consists of a video amplifier, gated integrator, servo amplifier and servo motor.

The video output, as received from the direction finder, is a full wave 14-Hz signal superimposed on
approximately +80 VDC. For the DF to- work in a linear region, the majority of the DC voltage must be
removed.

Signal processing amplifier A-11 (foldout 2-3) removes the DC, amplifies the signal level, eliminates some noise
by filtering and provides an automatic voltage control feedback loop for maintaining a more nearly constant
output amplitude. If the carrier is unmodulated the output of A-11 will be very similar to that described in
paragraph 2.6.1b (figure 2-21B). This signal is the input to the gated integrator circuit.

The gated integrator is controlled by gates G1 and G2. If both gates are closed, then no input signal will be
present to the integrator. Gate G1 opens first and remains open for 90 degrees of the 14-Hz video signal. This
integrates one-half of an inverted lobe of the video signal. Gate G1 closes and gate G2 opens. Gate G2 allows
integration of one-half video lobe. If the average integrated value of the video signal equals the average integrated
value of the inverted signal, the net result of the integration is zero. If the two integrated values are not equal,
then the sampled value is amplified to drive the servo motor. A schematic presentation of the case where the
system null has a sample error of zero is shown in figure 2-24.

After integration is accomplished, G1 and G2 are off and G5 is closed. The integrated remainder of the
integrator is fed into the servo amplifier. If a remainder is present the servo will be driven towards a null. Gate
G3 discharges the integrator capacitor in preparation for integrating the next signal period.

The servo motor has two resolvers geared to the output shaft. One supplies the feedback signal to close the
DFCS loop. The second provides a signal to the radar by replacing the cursor azimuth resolver with the radar.
The entire servo loop (figure 2-25) contains the integrator, servo amplifier, servo motor, resolvers, and gate
outputs.

The servo system, over a long period time, can be represented by a single position loop in which the resolver is
rotated to feedback a resulting null into the servo amplifier. The short-term operation actually differs in the
following manner:

The integrator integrates for one-half cycle of the 14-Hz period. An error voltage is obtained if the system is not
aligned. In the next half cycle of the 14-Hz signal, the servo operates open loop without feedback to null the
input signal. The integrator monitors the error signal and if it exists, the servo is again operated for one-half
cycle. Thus if the servo drives through the null, the next half cycle the integrator will give a signal to drive in the
opposite direction. With this system, a high-accuracy stable servo is obtained.

The digital display system is a redundant indication of aircraft bearing as measured from the DF antenna. The

display consists of a voltage controlled oscillator, decade and binary counters, driver units, and three “‘sample and
hold” Burroughs 8404 display assemblies.
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Figure 2 -23. Direction Finding Coordination System, Logic Gate Schematic Diagrams
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Figure 2-25. Direction Finding Coordination System, Servo Loop Schematic Diagram

The voltage controlled oscillator (a relaxation oscillator) drives the counters, and in turn the drivers. The sample
and hold circuit samples the sin w t signal each time the counters are reset. The number in the counter is
transferred to the digital readout units each time the ‘“clear and transfer” signal is generated. Approximately
every half second the display is updated. This number is 8 degrees, which represents the relationship of the target
with respect to true north of the antenna.

2.6.3  System Applications

A radio direction finder set on an air station is important, as its primary mission is to determine the exact
bearing of any transmitted radio signal. Though aircraft-originated radio signals are of prime importance, an NAS-
located DF in conjunction with a second DF may be highly effective in search and rescue efforts, antisubmarine
warfare, and location of unfriendly transmitters. The range of the equipment is approximately 20 miles for
surface-to-surface operation and approximately 90 to 125 miles for aircraft-to-surface operation.

The DF was originally used to supply course-guidance to direct aircraft into the range of GCA control with the
advent of search radar, VOR, and TACAN, the DF set has been relegated to the roll of an emergency
navigational aid. When an aircraft cannot use VOR or TACAN, and search-radar monitoring is not available, a
controller may use the DF to guide that aircraft into the landing area.

If the search radar is available, and is combined with the DFCS, the DF becomes extremely useful as an aid in

monitoring the movement of aircraft. Incorporation of the DFCS in the ATC system has the following
advantages:
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o Does not affect normal operation of either the DF or radar
o Adaptable to other equipment types
o Requires only minor modification to existing equipment
o Simple to install, operate, and maintain.

The direction finder is also used periodically to maintain controller-proficiency in its utilization.
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CHAPTER 3

AIR TRAFFIC CONTROL SYSTEMS

Navy Air Traffic Control System’s mission is to provide safe, efficient, and orderly movement of aircraft arriving
at and departing from Naval Air Stations, aircraft movement control over larger areas as required to effectively
carry out the missions assigned to a given station; and station: and area control coordination with civil airways
en-route control. The system is closely related to each station’s operations department and has two major
components: the tower cab, which is basically responsible for air traffic control at each station and which
provides complete control when in visual contact, and the instrument flight rules (IFR) room, which supports the
tower by providing control through radar contact at distances beyond visual range and under other than visual
conditions. The IFR room employs medium-range and short-range radars for area control and precision radars for
control of instrument landings. Both the tower cab and the IFR room employ a large number of communication
links to effect control over aircraft, and to coordinate their activities with other parts of the station’s operations
department as well as with civilian aviation agencies. Navy air traffic control systems may operate independently
but in coordination with civilian agencies, or they may operate jointly, sharing facilities with the civilian agencies.

In fulfilling its mission, the Navy Air Traffic Control System is organized to perform two basic functions:
o Preparation and dissemination of flight plans and clearances.
o Control aircraft on the ground and in the air during arrival and departure and en route.

To perform these functions, the Navy Air Traffic Control System consists of a number of individual systems:
control tower, radar and communication systems and subsystems. A description of these systems and subsystems
will be found in this chapter.

3.1 NAVAL AIR STATION CONTROL TOWERS

The nerve center of a Naval Air Station is considered to be the control tower of which the primary function is
the housing of the visual flight rules (VFR) room at the most advantageous position and elevation with respect
to-the airfield.

3.1.1  System Principles

A standard component of all air stations is the control tower. Whether integral with the operations building or as
an independent structure, the control tower is the nerve center of an air station. Its functions are to centralize
control over aircraft activities, both on the ground and in the air; to promote safe and orderly movement of air
traffic; and to facilitate control of all aircraft within the general area designated as being under control tower
jurisdiction. The control system provides taxiing instructions, takeoff clearances, designations of landing
priorities, approvals to deviate from prescribed traffic patterns, collision course warnings, reports of emergencies,
directions for air and rescue, required information on aircraft traffic, airfield surface conditions, weather, and
other pertinent conditions.

Aircraft control is exercised by voice communication on designated channels, by visual means (light gun), and is
supported by air navigational aids (VOR, TACAN and beacons), radar, and radio direction finders.
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In controlling aircraft movements, the control tower personnel perform three major functions: ground control,
air control, and the accumulation of flight data on all aircraft traffic in the area. The required number of
operating personnel required in a tower varies from two to six, according to station traffic.

Control of aircraft in the air, taking off, and landing is the prime responsibility of the local controller. His
additional responsibilities are as follows:

o Establishing landing and takeoff intervals, and controlling the separation of aircraft in the traffic pattern
during VFR operating conditions.

o Monitoring weather (wind, altimeter settings), NAVAIDS, and field condition displays, and communicating
this information to approaching aircraft.

o Monitoring all assigned radio frequencies and providing local traffic information to the pilot either on
request, or when necessary, in the interest of safety.

o Responding to landing clearance requests from the precision controller and coordinating traffic movement
with the approach and radar surveillance controllers during IFR conditions.

o Relaying messages to the Officer-of-Day regarding VIP’s aboard arriving aircraft, and informing cognizant
personnel when aircraft emergencies occur.

o Dispatching fire, crash, and rescue equipment for emergency landings, crashes, and accidents.

Control of aircraft on the ground and vehicles on taxi-ways and runways is the responsibility of the ground
controller. His specific duties include:

o Providing taxi instructions to arriving and departing aircraft.
o Relaying flight clearances and performing radio checks.

o Making time checks, providing wind, data, altimeter settings, and information concerning field conditions
to departing aircraft.

o Routing terminal traffic to desired airfield destinations.
o Controlling the movement of motor vehicles operating on active portions of the airfield.

o Operating airport lighting facilities and utilizing the mobile air traffic control light (light gun) to
communicate with ground traffic not equipped with radio, or whose radio equipment has malfunctioned.

Accumulating, maintaining and disseminating flight data is the prime responsibility of the flight data controller.
His duties include the following:

o Receiving, copying, and posting on data strips all flight data pertaining to arriving and departing aircraft.

o Passing the data strips to the appropriate ground or local controller.

o Recording all traffic control messages, NOTAMS, weather information, flight plans, progress reports, and
departure and arrival times on appropriate forms and either posting or disseminating this information to

cognizant personnel.

o Maintaining airport traffic control operating forms and filing flight data information and terminated flight
progress strips.
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o Providing assistance to the other controllers during emergency and unusual situations, or as directed by the
tower watch supervisor.

The tower watch supervisor is responsible for control tower operation in accordance with applicable directives
and standard procedures. His specific duties include:

o Supervising the checking of all communications and other tower equipments.
o Maintaining proper coordination between the tower and IFR room.
o Organizing, training, and assigning controllers to function as a smooth-working team.

o Providing instruction in evaluating and processing flight information, communication techniques, and
standard operating procedures.

o Notifying cognizant personnel of emergencies and other unusual situations involving the control of aircraft.

Usually there are three controllers (local, ground, and flight data) on duty in a control tower. On a small airfield
with very light air traffic, two controllers may be adequate to safely control the air and ground traffic.

During periods of high traffic density and at air stations having more than one active runway, it may be
necessary to double-up on one or more of the controller positions. Flight data and ground controller operations
may require one each to control arriving and departing aircraft. The local controller position may also require
one for arriving and one for departing aircraft, or one for each runway. But the important point is that a good
working team can greatly increase the safe, efficient, and orderly flow of aircraft in, out, and around an airfield.

3.1.2  System Description

The control tower is often constructed as a part of the operations building for the sake of convenience, since
offices and facilities for aerology, operations, and communications are also located in this building. The tower
should be located as near the geometrical center of the runway system as practicable, taking into consideration
any future expansion of runways.
The standard air station control tower, as shown in foldout 3-1, is designed to provide for:

o Control room (control cab)

o Electronic equipment rooms

o Electronic equipment

o

Emergency communication system

(=]

Emergency generator equipment
o Air-conditioning equipment
o Sanitary facilities

3.1.3  Description of Control Tower Cab

The control tower cab or VFR room, is the focal point of the air traffic control system. The cab operation is
basically responsible for ATC at each station, and provides complete control of aircraft under VFR conditions.
During conditions of limited visibility, cab personnel coordinate all air traffic movements with the IFR
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controllers. In order for the cab personnel to be able to exercise maximum overview of airfield runways,
taxi-ways, and parking aprons, the control cab in located at the top of the control tower.

To perform the ATC function, the cab is provided with standard controller consoles and required ancillary
equipment. A standard cab contains three controller consoles or controller positions which are referred to by the
function each performs; local controller position, ground controller position, and flight data position. The local
and ground controller positions are practically mirror images of each other, so as to provide the flexibility of
shifting these functions from one side of the cab to the other as required by traffic condition. The overall view
of a modern cab is shown in figure 3-1.

A standard modern control tower cab equipment arrangement is shown in foldout 3-2. Positions A and C are
quite similar in equipment allocation and layout, so that either one may be the local controller position while
the other acts as the ground controller, according to the air traffic pattern prevailing. Position B is the flight data
controller’s position and is typically located between the aircraft controllers to whom they provide data and
assistance.

Examination of each controller position indicates that all three positions (refer to foldout 3-2 and figures 3-2,
3-3, and 3-4) contain complete communication circuit control equipment (items 1-6), weather and time
indicators (items 8-10), and flight data strip holders (item 14). The two controller positions also contain parallel
operated visual communication (VISCOM) units (item 27), details of which are presented in paragraph 3.1.5.
Position A also contains the emergency communication control (ESC) panel (item 7), and the emergency panel
(item 15) which controls the perimeter road lights and emergency flares. The order wire control (item 20) is an
intercom type system for communicating with the maintenance sections and other pertinent areas in the station.
Details on the communication equipment are presented in paragraph 3.5.
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