LESSON 4. TRACK RADAR SYSTEMS

MMS Subcourse No 150

Lesson Objective

Credit Hours

Nike Radars and €Computer

To give you a general knowledge of the purpose,
capabilities, and basic function of major units of the
target tracking and missile tracking radars and the radar
test set on a block diagram level.

SECTION I. TARGET TRACKING RADAR (TTR).

1. PURPOSE. The purpose of the TTR, as illustrated
in figure 1A, B, and C, is to supply continuous target
position data (slant range DT, azimuth AT, and eleva-
tion ET) to the computer.

2. CAPABILITIES. The TTR uses the designated
target position data (supplied by whichever acquisition
radar is in use) to automatically slew the target track
antenna to the range and azimuth of the target. The
operator, using manual antenna controls, searches for
the target in elevation. The TTR tracks the target,
supplying accurate elevation, azimuth, and slant range
data to the computer system in the trailer mounted
director station. The TTR system is synchronized with
the selection acquisition radar system to permit
simultaneous display of acquisition and target track
information and to permit rapid transfer of the target
position data to the TTR system. Transfer of target
azimuth and range data is accomplished by automatic
antenna azimuth and range slewing after operating the
DESIGNATE switch in the battery control van and the
ACQUIRE switch in the radar control van. Provision is
made for manual, aided, or automatic tracking of the
target in azimuth and elevation. Four modes of target
tracking in range are provided: manual, acquisition aid,
track aid, and automatic. Once acquired, the TTR

system continues to track the target and supply the
computer with position data until the target is
abandoned.

3. MAIJOR SYSTEMS. The TTR is divided into eight
major systems, each of which accomplishes one or more
of the major functions that contribute to the overall
operation of the radar. The functional block diagram (fig
2) depicts the eight major systems of the TTR which
are: synchronizing system, transmitting system, RF
{monopulse duplexer) and antenna system, receiver
system, ranging system, antenna position system,
presentation system, and RF and IF testing system. A
brief description of each system is given below.

a.  Synchronizing system. The synchronizing
system provides pulses that synchronize units of the
TTR system. The “acquiring” of a target is a combined
function of the acquisition radar system and the TTR
and target ranging radar (TRR) systems; therefore,
triggering the synchronizing system with the acquisition
preknock pulse from the acquisition synchronizing
system synchronizes the transmitter, range, and
presentation systems of the TTR and TRR with the
acquisition radar system. The synchronizing system (fig
2) provides a target preknock pulse (TPK), a target sync
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Figure 1. Target coordinates supplied
to the computer by TTR.
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;1: ulse, and a transmitter sync pulse to the TTR system.
he target preknock pulse occurs simultaneously with
the acquisition preknock pulse and is applied to the TTR
ranging system, the TTR presentation system, the RF
and IF test system, and the TRR synchronizing system.
The preknock pulse also synchronizes the radar test set
with the TTR system. The target sync pulse is applied to
the TTR presentation system and to the acquisition
marker circuits. The transmitter sync pulse triggers the
TTR transmitter system at the PRF of LOPAR or
HIPAR, depending upon which acquisition radar is
selected. The transmitter sync pulse is developed after
the preRnock pulse by a time delay which varies
depending on whether short-pulse or long-pulse oper-
ation- of the TTR is selected. w&gg}-msures
stabilization of the _range and sweep circuits before the

transmitter is triggered. - e

e e e s e

b. Transmltter system. The transmitter system
(fig 2), triggered by transmitter sync, produces high
power RF pulses at a frequency variable within the
X-band. The RF pulses are coupled through the target
track monopulse duplexer to the track antenna reflector
assembly which beams the RF pulses into space. The
long or short pulse mode of operation of the
synchronizing system determines duration of the
transmitted RF pulses.

c. RF (monopulse duplexer) and antenna
system. The purpose of this system is to radiate the high
power RF energy, generated in the transmitting system,
into space and to receive the energy that is reflected
when a target intercepts the RF beam. In most tracking
radars, lobe switching or conical scanning is used to
obtain target position information, and several pulses
must be used to determine target azimuth and elevation.
However, in the monopulse system, which is employed
in the TTR, target position information is obtained each
time a pulse is transmitted, reflected, and received. The
monopulse system employs two pairs of radiating
feedhorns that compare the amplitudes of a single
returned pulse as it appears in the four feedhorns.- By
subtracting the signal strength received by one pair of
horns from the signal strength received by the adjacent
pair, a differencesignal is obtained. The azimuth and
elevation difference-signals are utilized by other systems
of the radar to keep the antenna pointed at the target.

d.  Receiving system. The receiving system (fig
2) converts the X-band signals (sum, azimuth difference,
and elevation difference RF signals) applied from the RF
(monopulse duplexer) and antenna system, into
60-megahertz IF signals. By using these three IF signals,
the receiving system generates direct current azimuth
and elevation error signals that are subsequently applied

.
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Figure 2. Functional block diagram of target track radar.

Jl&t: the antenna positioning system. The sum IF signal is
Zstected and applied to the track ranging system as the
zrzet range video signal. In addition, sum, azimuth
zrrors. and elevation error video signals are applied to
i7¢ presentation system for the CRT displays. Only
:rose pulses received from the target being tracked are
zziad by the track receiver gate which is applied to the
szeeiving system. This gating is necessary in order to
-2duce or eliminate echoes received from undesired
tzrgets in the vicinity.

e.  Ranging system.

(1) The ranging system (fig 2) determines
“ne time between the transmitted pulse and the received
rzrget echo. Since the range of the target is proportional
> the time interval between the transmitted pulse and
the target echo, measuring the time interval determines
:he range. Three means are provided for controlling the
measuring circuits after the target is acquired: manual,
z1ded, and automatic. Manual and aided ranging can be
ased for acquiring a target. All three ranging methods
can be used after the target is acquired by TTR to
provide range data for the computer. The circuits of the
ranging system are triggered by the preknock pulse
iuring normal operation. During calibration, a cali-
nration sync pulse is applied to the target ranging system

to replace the preknock pulse. During normal operation,
the preknock pulse initiates operation of the ranging
system. After a controllable time delay, the ranging
system produces the receiver gate (RCVR gate) which is
sent to the receiver system and can be centered around
the sum target video to give an indication of target slant

range (DT).

(2) During the designation and acquiring
of a target, the acquisition radar range and azimuth data
are transferred to TTR. The TTR uses this data (acq
rangemark and az position data) to stew the TTR range
and antenna system to the range and azimuth of the
designated target. When the elevation operator manually
“acquires” the target is in the TTR beam and all three
target coordinates (AT, ET, and DT) now appear on
the TTR indicators. These coordinates (AT, ET, and
DT) can now be sent to the computer. Also, when the
track antenna and range system slews to the designated
target position, the track range gate (TRGA) and acq
track rangemark (acq TRMK) are sent to the video and
marker circuits in the battery control van. This causes
the electronic cross to move to the coordinate of the
designated target as described in lesson 2, paragraph
8b(5). The TRGA produces the radial line and the acq
TRMK produces the arc of the electronic cross. Back in
the radar control trailer, presentation of the target
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coordinates enable the three track operators to manually
track the target. Once the target is manually tracked in
AT, ET, and DT, automatic tracking may begin.

f. Antenna positioning system. The function of
this system is to correct the antenna position so that it
points directly at the target at all times. Manual and
aided positioning are employed for acquiring the target.
Automatic positioning keeps the antenna on-target at all
times without the aid of the operators. The antenna is
positioned by direct current azimuth and elevation error
signals (fig 2) provided by the receiving system.

g Presentation system. The target track radar
presentation system consists of three A scan indicators
which provide visual tracking information in three
coordinates: azimuth, elevation, and range. These
indicators are used in manual and manual-aided tracking
of a target and supply helpful information during
automatic tracking. Thus, the presentation system is the
visual link between the target and the TTR operators.
Three S-inch A type scopes and a B scope appear on the
target tracking control console in the trailer mounted
tracking station. The B scope, which provides a visual
link between the acquisition and track system, was
discussed in the LOPAR lesson.

h. IF and RF testing systems.

(1) IF test system. The IF test system (fig
2) produces a 60-megahertz [F test signal for testing the
TTR system. The target preknock pulse from the
synchronizing system triggers the IF test system. A
60-megahertz IF test signal, capable of variable delay, is
applied to the main IF amplifiers in the receiver system
when tests, calibrations, and adjustments are being
performed.

(2) RF test system. The RF test system
(fig 2) remotely controls the operation of the radar test
set group during testing of the overall RF performance
of the TTR system. The target preknock pulse is applied
to the RF test system to develop a delayed sync pulse
which triggers the radar test set group into operation.
The radar test set group generates test signals used to
check the receiver system. Controls in the RF test
svstem vary the frequency, amplitude, and apparent
r.nge of these test signals by applying remote control
:miormation to the radar test set group.

4. FUNCTION OF SYNCHRONIZING SYSTEM.
a.  General. The synchronizing system generates

- 525 that trigger the transmitter system and synchro-
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nize the various range determination circuits of the range
and presentation system in the TTR. The synchronizing
system also supplies a target preknock pulse to the TRR
system. The TTR transmitter syster is synchronized
with the acquisition radar transmitter system to insure
simultaneous triggering of both transmitters; thus,
identical range zero references for both radars. The
synchronizer is triggered by the 1l-microsecond acqui-
sition preknock pulse. Identical acquisition track
synchronizers are used in the director station (LOPAR)
and in the TTR system. The synchronizing system
provides five outputs: a target preknock pulse, a target
sync pulse, a transmitter sync pulse, a test pulse, and an
IFF trigger pulse. The test pulse and the IFF trigger
pulse are used only in the acquisition radar system.

b.  Target preknock pulse. The target preknock
pulse from the synchronizing system is a 1-microsecond
pulse at the PRF of the selected acquisition radar. This
preknock pulse (fig 2) triggers the presentation system,
the range system, and the target test IF signal generator
in the RF and IF testing system. The target preknock
pulse is applied to these units prior to application of the
transmitter sync pulse and the target sync pulse to the
other wunits. This allows the range system and
presentation system to stabilize before the transmitter is
triggered. The target preknock pulse also synchronizes
the radar test set with the TTR system and is applied to
the video time share amplifier in the TRR synchronizing
system to develop a modified preknock pulse for the
TRR.

c.  Target sync pulse. The target sync pulse
from the synchronizing system is a 0.15-microsecond
pulse that is applied to the B scope indicator and mark
generator of the presentation system. This pulse is
delayed after the target preknock pulse by 22.5
microseconds during long pulse operation and 24.5
microseconds during short pulse operation.

d.  Transmitter sync pulse. The transmitter sync
pulse from the synchronizing system is a
0.1-microsecond pulse which occurs in coincidence with
the target sync pulse. It is used to trigger the transmitter
system.

5. FUNCTION OF TRANSMITTER SYSTEM.

a.  General. The TTR transmitter system (fig 3)
converts low-voltage pulses from the synchronizing
system into long or short bursts of RF energy. These
bursts are applied to the target track antenna-receiver-
transmitter group. The repetition rate of the transmitter
is controlled by the synchronizing system.
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Figure 3. TTR transmitter system - block diagram.

b.  Block diagram analysis. The positive trans-
mitter sync pulse from the synchronizing system is
applied to the target track trigger amplifier (fig 3). The
amplified positive pulse is applied through the track slip
ring assembly to the track modulator for use as a trigger
pulse. A negative DC voltage from the transformer and
filter power supply subassembly is applied through the
track slip ring assembly to furnish high voltages for the
modulator. Further amplification and shaping by the
modulator circuits produces a pulse that triggers the
magnetron. The frequency of the magnetron output
{X-band) is selected by the frequency control circuits.
The RF pulses from the magnetron are applied through
the target track monopulse duplexer to the track
antenna reflector assembly for radiation into space. A
sample of RF energy for the target track monopulse
duplexer is coupled to the power monitor, giving an
indication of transmitter power and transmitter power
loss. An AFC sample of RF energy is also coupled to the
skin track AFC circuits to control the frequency of the
local oscillator in the receiver.

c.  Target trigger amplifier. The target track
trigger amplifier (fig 3) produces high voltage trigger
pulses for the track modulator.

d.  Track modulator. The track modulator (fig
3) receives the modulator trigger pulses at a high PRF
for LOPAR operation, or a low PRF for HIPAR
operation, and produces a negative short or long pulse to
trigger the magnetron into oscillation.

e.  Magnetron circuit. The magnetron circuit
(fig 3) produces short or long high power RF energy
pulses. These pulses are applied through the target track
monopulse duplexer to the track antenna reflector
assembly and radiated into space.

f. Parabolic antenna.

(1) General. The parabolic reflector,
which is composed of a main reflector and a
subreflector, radiates the transmitted RF energy into
space in a very narrow beam and also concentrates the
received signal energy at its focal point.

(2) Operation. The output of the wave-
guide and feedhorns is horizontally polarized RF energy.
When this energy strikes the subreflector, it is reflected
back to the main reflector where its polarization is
changed to vertical before being radiated through the
subreflector into space. The subreflector is transparent
to vertically polarized energy and reflects only
horizontally polarized energy. Vertically polarized
energy, reflected from a target, passes through the
subreflector to the main reflector where it is shifted to
horizontally polarized energy. This energy is reflected
back to the subreflector where it is again reflected
through a fiberglas cone to the feedhorns. This energy
presented to the feedhorns is the reflected signal from a
target. Horizontally polarized energy, which bypasses
the subreflector, strikes the main reflector where it is
changed to vertically polarized energy and reflected back
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