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Nike Radars and Computer

To give you a general knowledge of the purpose,
capabilities, and functions of major units of the
AN/MPQ-T1 (target simulator).

TEXT

1. INTRODUCTION.

a. Fire control systems, although fully auto-
matic and containing so-called electronic brains, must
still depend on the human operator for efficient
operation. As marvelous as some computers are, the
machine that thinks or reasons has not yet been
invented. The output of any computer depends on the
data fed into it and the purpose for which it was
designed. For example, the elevation and azimuth data
pots, located on the tracking radar antennas, provide the
data necessary for the computer to determine the
pointing direction of the antenna. The accuracy of these
tracking antennas depends on proper adjustment and
trained operators. Early in the history of the Nike
system, the need for trained operators was satisfied by
targets of opportunity and annual service practice. With
development of the AN/MPQ-36 radar signal simulator,
controlled training under all weather conditions was
available. Subsequent improvement of the Nike system
made this simulator obsolete. A new simulator, the
AN/MPQ-T1, was designed to be compatible with the
basic Hercules and the improved Nike Hercules.

b.  The AN/MPQ-T1 is a highly complex piece
of equipment containing a large number of transistors,
phase modulated servo systems, IF amplifiers as gain

control stages, and employing digital techniques to
develop chaff and simulate a masking function. The
AN/MPQ-T1 has approximately one thousand more
vacuum tubes and transistors than the basic Nike
Hercules system. Some of these electronic stages
function identically since the T-1 simulates six identical
targets.

¢. The T-1 operates on 400 hertz, 3-phase
power requiring at least a 25-kilowatt source. Three air
conditioners require 6 kilowatts each and the other
circuits require 7 kilowatts.

2. PURPOSE.

a. The guided missile radar signal simulator
(AN/MPQ-T1) is used in training personnel to operate
the Nike Hercules and the improved Nike Hercules
systems under simulated combat conditions. Operator
personnel are trained in detecting, acquiring, and
tracking high performance targets in either a quiet or
ECM environment. When the T-1 is properly adjusted, it
generates video signals that are realistic and indisting-
uishable from the real thing.

b. The T-1 is designed to have a no loading
effect that could impede the Nike system’s effectiveness.
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However, quick disconnect circuits are provided to
disconnect the T-1 from the Nike system by ejecting the
interconnecting cables at the HIPAR building, director
station, and tracking station trailers. These three cables
provide all data interchange between the T-1 and the
Nike system.

3. CAPABILITIES.

a.  Acquisition and track channels. These
channels generate video for the LOPAR, HIPAR, AAR,
TTR, and TRR systems. The four types of simulated
video are airborne targets, ECM, passive interference
(clutter), and chaff. Masking off all video except clutter
is also simulated. The masking occurs when a target flies
behind an object, the top of which makes a greater angle
in the vertical plane than the simulated target. The
masking inhibits any target, ECM, or chaff which could
otherwise be observed at the coordinates of the mask
area.

b.  MTR channel. Only range video is generated
for the MTR; Ajax and Hercules missile flight
characteristics are simulated by selecting the desired
type. In addition, there are provisions for simulating
conventional and nuclear warheads and for burst effects
to be applied to multiple targets if the simulated target
position falls within the lethal radius of the warhead.
Circuits are built in which allow the battery commander
to select a simulated or live missile. In this manner,
simulated missiles can be directed against simulated
targets, live missiles against simulated targets, or
simulated missiles against live targets.

c. Modes. The T-1 may be operated in the
“aline” mode for checking its operation before
connecting it to an operational Nike system. To
accomplish this, circuits are provided within the T-1 to
generate sync pulses and antenna positioning voltages for
the acquisition and track channels. There are also two
cathode ray tubes for displaying video; one for
acquisition video (PPI monitor) and one for track video
(track control indicator). These indicators are used to
display video before it leaves the T-1, or when the T-1 is
in the radar mode, the indicators can display video
returning from the radar if the Nike radars are
operational. In the ‘“radar” mode, the PPI monitor is
connected in parallel with the director station PPl and
the track control indicator is connected in parallel with
the range scope, located in the tracking station trailer.

d.  Auxiliary circuits.

(1) IFF circuits simulate an IFF response
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emanating from any of the six simulated targets. The
five available responses are sent to the director station
presentation system when the IFF generator receives a
“challenge” signal from the director station trailer.
These responses appear slightly out range from the
challenged target. Selection of the target that will give a
reply is accomplished by switches on the IFF generator.
At the time of this writing, research is being done on an
SIF generator which will provide more codes and a more
realistic simulation of the identification function.

(2) Scoring circuits in the T-1 provides a
means for timing the sequences which must take place
during an engagement. These are: appear to designate,
designate to lock on, lost to regain, and burst to fire. In
the appear to designate sequence, the acquisition
operators are timed. After the target is designated, the
track elevation operator must search in elevation to lock
on and track the target. This sequence times the track
operators and provides a means for evaluating their
performance.

(3) Recording circuits record errors in
tracking, tuning, and missile flight on a paper chart.
Switching determines which of these are recorded. When
tracking errors are selected, azimuth, elevation, and
range errors are recorded. When tuning is selected, TTR
and LOPAR tuning is recorded. With missile flight
selected, yaw commands (Gy) and pitch (G p) are
recorded. In addition, meters allow monitoring of track
azimuth and elevation error sensing.

4. MAJOR UNITS.

a.  General. The interior of the T-1 trailer is
shown in figure 1. The power supply cabinet modifies
and distributes power required for operation of the T-1’s
electronic circuits. The three passive interference
generators (PIG), at the extreme right of figure 1,
simulate masking of video for TTR, TRR, HIPAR or
AAR, and LOPAR. They also generate clutter signals for
each of these radars. Cabinet (1) is for HIPAR or AAR,
cabinet (2) is for TTR and TRR, and cabinet (3) is for
LOPAR. The auxiliary cabinet contains circuits which
allow the T-1 to be operated in the “aline” mode,
independent of the Nike system. The operator’s console
is the heart of the T-1 since it contains six target
coordinate generators, a missile velocity and coordinate
generator, and most of the pulse circuits of the T-1. The
ECM cabinet contains circuits for the generation and
control of ECM. Finally, the chaff cabinet contains
circuits for positioning the simulated chaff to the
simulated target position. A brief description of the
function of each of these units is covered in the
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Figure 2. Power supply cabinet.

remainder of this lesson.

b.  Power supply cabinet. The power supply
cabinet (fig 2) receives all power necessary for operating
the simulator station from a 120-volt, 3-phase, 4-wire,
400-hertz external source. This power is modified by AC
regulators, transformers, and DC power supplies before
being distributed throughout the T-1.

MMS 150, 8-P4

(1) Main power supply. AC regulators, in
the main power supply, provide the inputs to the low
voltage DC supplies, high voltage DC supplies, servo
power transformers, and filament transformers. The
regulated AC voltages are fed to seven DC supplies and
three DC regulators. These DC voltages are then
distributed throughout the T-1 when B+ is on. The servo
power transformer converts 3-phase power, 120 degrees
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Figure 3. Auxiliary cabinet.

apart, into phase O degree, 90 degrees, and 180 degrees
which is required for proper control of the servomotors.
The filament transformer supplies vacuum tube heater
voltage. '

(2) High voltage power supply and passive
interference generator control panel. The high voltage
power supply and control panel on the right side of the
main power supply cabinet (fig 2) generates and controls
the application of 20,000 volts to each of the cathode
ray tubes located in the passive interference generator
cabinets (fig 1).

(3) Blower assembly. The blower assembly
circulates air for equipment ventilation through the

power supply, auxiliary and PIG cabinets, and the
operator’s console.
¢.  Auxiliary cabinet.

(1) General. The auxiliary cabinet (fig 3)
provides circuits for generating a basic timing pulse and
antenna position voltage necessary for operating, testing,
and alining the AN/MPQ-T1 before it is connected to an
operational Nike system. The problem of simulating
video for a pulse radar system involves three major
parameters. The video pulse must have range, azimuth,
and elevation to define its position in space. Simulating
video for the Nike system, then, is a problem of
synchronizing on the system’s basic timing pulse or radar
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range zero and developing a time delay before generating
a video pulse. This will locate the video some time or
slant range away from the radar and solves one of the
space coordinates. The video’s azimuth and elevation
angles can be determined by gating the video pulse ON
only when the antenna is pointed in the direction of the
simulated target, chaff, clutter, or electronic counter-
measures {ECM).

(2) Track control indicator. The track
control indicator (fig 3) contains an RC coupled Wein
bridge oscillator for simulating the radar sync when in
the aline mode. This oscillator drives a multivibrator
which, in turn, drives a blocking oscillator that finally
develops a simulated sync pulse. The simulated sync is
sent to the switching chassis for distribution to all major
units of the T-1. The track control indicator contains a
sweep generator that develops a sawtooth voltage that
rises linearly and returns to zero volts between each sync
pulse. The sawtooth voltage deflects the electron beam
and provides a time base for displaying target track video
on the track control indicator 5-inch cathode ray tube.
The track control indicator also contains a monopulse
error detector to permit monitoring the simulated
tracking functions. When this is done, the sawtooth
voltage is not applied to the CRT. Instead, the
monopulse error detector produces positive or negative
DC voltages which, when applied to the CRT, produce
deflection of the CRT electron beam. A positive DC
voltage is produced by the monopulse error detector if
the simulated target is above, or to the right, of the
center of the track antenna team. These positive voltages
deflect the intensified spot on the CRT up and to the
right. The spot now represents the simulated target’s
position in the track antenna beam. Negative ouptuts
from the monopulse error detector are produced if the
target is below, or to the left of center of the track
antenna beam. If no antenna error exists--the target is in
the center of the antenna beam--the intensified spot
appears in the center of the CRT.

(3) Antenna position simulator. The
antenna position simulator drawer (fig 3) contains
circuits for generating voltages representing antenna
position. The track antenna position is simulated by two
synchro transmitters; one for track antenna azimuth and
the other for track antenna elevation. The acquisition
antenna movement is simulated by a motor driven
resolver rotor. Both methods are essentially identical to
the methods used to transfer antenna position data from
the moving antennas to the other portions of the track
and acquisition radar system. These antenna position
voltages, like simulated sync, are sent to the switching
chassis which selects simulated antenna position in the
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aline mode or radar antenna position in the radar mode.
The simulated or radar antenna position signals are
applied to the antenna servo follower drawer.

(4) Antenna servo follower. The antenna
servo follower (fig 3) contains circuits that prevent the
T-1 from loading the Nike system antenna circuits.
These T-1 circuits are synchro receivers that repeat the
simulated or radar antenna position. The antenna
movement is distributed from the servo follower to the
operator’s console, ECM cabinet, PIG cabinet, and chaff
cabinet where it is used to determine where the antenna
is positioned at any instant.

(5) Regulated power supply assembly. The
regulated power supply assembly (fig 3) receives DC
input voltages from the power supply cabinet and
provides three regulated outputs. These are +150, -150,
and +300 volts DC which are supplied to all cabinets of
the T-1. These regulators prevent fluctuations in source
voltages having an effect on operation of circuits within
the T-1.

(6) AC voltage regulator. The AC regula-
tor (fig 3) receives a 3-phase AC voltage from an external
primary power source. By using one phase from the
primary power source, this regulator holds all three
phases near 120 volts. The regulated output power is
used as AC servo power and as the input for a -28 volt
DC supply.

(7) Switching chassis. The switching chas-
sis (fig 3) provides a means for selecting a simulated sync
pulse and antenna position in the aline mode or the Nike
radar’s sync pulse, antenna rotation, and control voltages
in the radar mode.

(8)  Error recorders.

(a) The error recorders (fig 3)
record pitch and yaw commands sent to the simulated
missile during a simulated engagement. The recorder
function selector switch on the switching chassis also
allows these recorders to make a permanent record of
tuning errors made by the LOPAR and TTR operator or
errors made in tracking the simulated target. Recorder 1
records only range errors made in tracking. Recorder 2
records Gp commands, TTR tuning or azimuth tracking
errors. Recorder 3 records Gy commands, LOPAR
tuning, or elevation tracking errors.

(b) The recording of errors is accom-
plished by applying a DC error signal to an
electromechanical device that tunes a tuned plate-tuned

































